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PC Collection Peripheral Collection Data Communications Industrial Colleaion Telecommunications Graphics Collection 
Collection Colleaion 

high-density versions. 
Some of the most contemporary ASIC 

art is in data communications design. Where 
increasingly complex network requirements are 
creating new challenges for designers. 

Which is precisely why we created the 
Data Communications Collection~ All you need 
to improve the art of network reliability. anc.l 
performance. Now and in the future. 

The collection integrates SuperMacros, 
supporting industry-standards such as 
Ethernet~ with compiled cells to let you reduce 
components and board size. 

For ASIC an wid1 industrial strength, take 
the Industrial Collection™ to work with you. It 
offers everything you need to make your indus­
trial application a memorable one. Whether 
you're designing controllers, instrumentation, 
process control or robotic systems. 

At the heart of the collection is Fujitsu's 
family of DSP core controllers, which support 
fixed and floating-point operations and a variety 
of finite word lengths. 

So you get controllers and vision 
systems that are inexpensive, fast and easily 
programmable. 

cO 
FUJITSU 
Every step of the way.5M 

Now that the industry is implementing 
the ISD standard, what you need most is an 
ASIC that supports it. Which brings us to the 
Telecommunications Collection~ 

The collection meets telecom design 
needs. Offering standardized building blocks 
such as DSP cores and other functions to imple­
ment standard protocols and enhanced features. 

If you're a graphics designer, you know 
that 3-D graphics have turned into 3-D art.And 
the best way to create it is with the Graphics 
Collection~ 

The Graphics Collection integrates func­
tions onto a single device which are unavailable 
as standard products. Cutting your design time 
and honing your competitive edge. 

In addition to getting SuperMacros for 
most of the 2900 family, the collection also pro­
vides you with RAM and ROM compilers and 
specialized graphics algorithms. 

All in all, there's no better way to begin 
your next ASIC design than with a visit to the 
ASIC Gallery. 

Stop by and tour the collections. 
Call 1-800-642-7616. We'll be happy to show 
you around. 

FUJITSU MICROELECTRONICS, INC. 
Integrated Circuits Division 
3545 North First Street, San Jose, CA 95134-1804. 1-800/ 642-7616 

© 1990, Fujitsu Microelectronics, Inc. 
'' Every step of the way" is a service mark of Fujitsu Microelectronics, Inc. 

The AS IC Gallery and the six collections, SupcrMacro and ASIC Open 
are trademarks of FujiL'iu Microelectronics, Inc. Ethernet is a trademark 
of Xerox Corporation. 

CIRCLE NO. 128 



Six priceless collections let you create your 
own design masterpiece. 

A is for art. And also for ASIC. We put 
them together to bring you the ASIC Gallery. Six 
masterful collections of applications-oriented 
prodiJCts and services let you create your own 
design masterpiece. 

Works of art, like applications, are unique. 
So is the ASIC Gallery. We've made silicon itself 
application-specific. So that instead of a blank 
canvas, you get specific collections of priceless 
"objets d' art" that make it easier to compose 
your own design masterpiece. 

Each collection contains building blocks 
that let you design more compact, higher per­
formance systems in far less time. 

All in a CMOS environment using 
Fujitsu's high-speed .8µ channeled and channel-

less gate-array technologies as your foundation. 
Just choose the collection that's right for you. 

The PC Collection™ lets you paint a PC 
portrait you'll be proud of Using SuperMacros™ 
and compiled cells for 8086/8088/80186 and 
80286-based PCs and laptops. 

· The PC Collection's SuperMacros cover 
the entire 8200 macro family. And integrate 
greater functionality onto a single device. So you 
can increase speed and reliability while you lower 
board space, power consumption and cost. 

If your taste in ASIC art runs to periph­
erals, check out the Penpheral Collection~ Its 
high level of integration incorporates greater 
functionality in a smaller footprint. 

Plus you get support of industry 
standards like SCSI. As well as 8200 SuperMacros 
and RAM compilers in both high-speed and 
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An industrial computer small enough to fit in the palm of 
your hand makes big sense for space-conscious 
applications. 

INDUSTRIAL 
An STD/STD 32"' format designed for harsh environments, 
with options for multiprocessing, networking and 
industrial 110. 

FREE BROCHURE 
FAX 805 · 541·5088 
Telephone 805 · 541·0488 
©Copyright 1990 by Zlatech Corporation . All rights reserved . CIRCLE NO. 100 

EMBEDDED AT 
The CAT computer pictured above includes the 
following features: 
• 386SX CPU with 4 Mbyte Memory 
• 40 Mbyte Hard Disk Drive 
• 1.4 Mbyte Floppy Disk Drive 
• Solid State Disks 
• VGA/ Keyboard Interface 
• Industrial BIOS 
• 100% AT- and STD-compatible 
• DOS- , OS/2- and UNIX-compatible 



Don't miss the 

most valuable 

A/D Converter Seminar 

of 1990 
8 to 24 bits de to 4 MHz 

Delta Sigma ADCs Board Layout Weigh Scales Image Processing 
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Our new function generator 
has all the bells and whistles. 

In fact, it has any kind of 
waveform you can imagine. 
Because the Model 95 
combines a high performance 
function generator with a 
powerful arbitrary generator. 

As a function generator, 
Model 95 produces remarkably 
pure square waves, triangles 
and sines, from 1 mHz to 
20 MHz with synthesized 
accuracy up to 0.001 %. It has 

© 1990 Wavetek Corporation 

Circle 77 for Literature 

the power to output 15 Vp-p 
into son, and includes sweep, 
pulse and modulation modes 
plus four user-selectable 
output impedances. There's 
even an internal trigger 
generator for trigger, gate and 
burst. 

If you'd rather be arbitrary, 
Model 95 gives you up to 128k 
of waveform memory to work 
with, and a sample rate of 
20 MHz. Four different editing 

Circle 78 for Demonstration 

modes help you produce even 
the most complicated wave 
shapes quickly and accurately, 
while analog and digital filters 
allow you to create the purest 
output possible. 

For information about all 
the other bells and whistles 
you'll find on the Model 95, call 
Wavetek San Diego, Toll Free at 
1-800-874-4835 today. 

WAVETE~ 
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Tucker had the Vision. 
We have the Power. 

Photo courtesy Behring Auto Museum 

Preston Tucker built features into his cars that were far 
ahead of his time. Now you can have the power that Tucker 
missed. 

Siliconix' new 14-milliohrn Ros(ON) power MOSFETs 
dramatically reduce system size by minimizing part count or 
shrinking heat sinks. Their higher current handling and 
cooler running capabilities mean that electro-mechanical 
relays can be things of the past. 

Device On-Resistance Voltage Current Package 

SMP60N06-14 14 mn 60 v 60A T0-220 

SMW70N06-14 14 mn 60 v 70A T0-247 

These MOSFETs are more than tough 
enough to handle the voltage spikes common 
in cars. And they have lower gate charge / 
so you can design with smaller drive 
circuits and fewer components. / 

Design cooler cars and shrink electrical 
system size! Ask for a free gift and the SiMOS 2.5 
Design Kit. Call our toll-free hotline now! 
1-800-554-5565, ext. 953. 

~Siliconix 
~ incorporated 
220 I Laurel wood Road, Santa Clara, CA 95054 ©1990Siliconix inc. 

Siliconix' power 
MOSFETsfor 
leading-edge 

automotive designs. 
Incredibly low 

RnscoN) for the 
new generation of 
automotive electrical 
systems. 
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On the cover: In the special report in 
this ASIC Special l ssiie, learn how 
vendors' shrinking fabrication cycles 
can affect your ASIC design. Turn to 
pg 124. (Photo courtesy Toshiba 
America Electronic Components Inc; 
photography by Paul Kleiter Graphic 
Design) 
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ASIC SPECIAL ISSUE 

SPECIAL REPORT 
Fast-turnaround ASICs 124 

A disadvantage of mask-programmed ASICs is the lag between 
finishing the design and getting back the prototypes. Vendors are 
streamlining fabrication to get your ASICs,in your hand before 
your prototyping schedule clock strikes twelve. 
-Michael C Markowitz, Associate Editor 

Vote for Innovations and Innovator 49 
Your votes will determine the 

winners in EDN's Innovations and 
Innovator of the Year competition. 
After finding out what makes these 
people and products special, use the 

Nd .. 
bound-in ballot to make your choices. 

DESIGN FEATURES 
Minimizing the effect of metastability 
in BiCMOS circuit design 

Driving Electronic 
Technology Into The 

Neri Century 

141 

In a digital circuit with two or more inputs, simultaneous changes 
in the signals at the inputs can produce an indeterminate or 
metastable state at the output. An unavoidable aspect of digital 
circuits in an analog world, metastability can impact a system's 
reliability. Intelligent circuit design requires a strategy to minimize 
this impact.-K Nootbaar, R W Spehn, and E Tyler, Applied 
Microcircuits Corp 

Designers' guide to 
real-time Ada-Part 1 

153 

You can use the Ada programming language to build dependable 
real-time, embedded systems that work on a wide range of 
computing hardware. This article, the first in a 3-part series on 
Ada, illustrates the Ada features that support real-time pro­
gramming and takes an in-depth look at multitasking. 
-Benjamin M Brosgol , Alsys Inc 

Continued on page 7 
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Customers don't tolerate ATMs that are down, which is why many ATM networks rely 

on fault-tolerant computers. Stratus Computer's systems deliver the utmost reliability in a 

wide range of critical, on line applications. Since their success is based on quality, Stratus 

demands the highest quality from its vendors. In their words, they look for the "best in 

the business." Their vendor relationships are so strong that often Stratus can eliminate 

incoming component inspection. We are proud to have earned a Vendor Excellence Award 

from this excellent manufacturer. 

Thanks, Stratus. 
-~.-~ ·:_a ~.CYPRESS 

.F SEMICONDUCTOR 

For a free Cypress Corporate Profile call 1-800-952-6300 and ask for Dept.C41 
0 1990 Cypress Semiconductor. 3901 North First Street. San Jose. CA 95 134 Phone: (408) 943-2600, Telex: 821032 CYPRESS SNJ UD. TWX: 910-997-0753. 
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TECHNOLOGY UPDATES 

Analog Spice simulation models: 
Spice models enjoy multiple sources 

Several routes exist for obtaining simulation models, but 
availability and price vary remarkably_-Brian Kerridge, 
European Editor 

Cryst al oscillators: 
Signal sources h andle tough timing jobs 

79 

93 

As system speeds continue to increase , extremely precise clock 
sources, such as crystal oscillators, become more criticaL 
-Tom Ormond, Senior Editor 

High-speed op amps: 107 
Current feedback revs up op amps 

An unbalanced input structure gives current-feedback op amps 
an edge in bandwidth, slew rates, and settling times.-Bill Travis, 
Contributing Editor 
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Mixed-Signal IC Solutions 
It's no secret that we've become the channel experts in the 

disk drive IC market. But we're much more than that. 
We offer the industry's most highly integrated and 

comprehensive family of custom and standard mixed-signal 
ICs. Not only for read/write functions, but also for pulse 

8 

• 

detection, data recovery, head positioning, motor speed control 
and programmable filters. Not to mention a wide range of bus 
interface ICs. 

Our Mixed-Signal Integrated Circuits -MSICs™- have 
been successful in boosting disk drive performance while 
greatly reducing space, power and cost demands. 

Test our broad portfolio of processing capabilities and 
you'llseehowclosely we'll match our technology to your 

EDN September 3, 1990 



specific needs. 
Inside our world-class wafer fabrication facilities we meet 

high-volume product demands. We deliver on time. And with 
industry-leading reliability. 

Believe it. Reading and writing are only chapter one of 
our story. Whatever your disk drive needs, we can pass the test. 
Just ask your nearest Silicon Systems representative. Or call us 
for literature package SPD-7. 

Circle 74 for Product Information 

Circle 132 for Career Information 

• • 

• 

Silicon Systems, Inc., 
14351 Myford Road, Tustin, CA 92680 
Ph 1-800-624-8999, ext.151 Fax (714) 669-8814 
European Hdq. U.K. Ph (44) 79881-2331 Fax (44) 79881-2117 

9 



Imagine ~ 
Pure. , 

Imagine 
Small. 

Imagine 
Silica. 
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GELTECHINTRODUCES 
SOL-GEL TECHNOLOGY TO 

STIR YOUR IMAGINATION ... 
.A For Semiconductor use, our ultra-pure (free of alpha 

contaminants), spherical powders can be made in submi­
cron sizes as well as larger which makes them ideal for 

passive coatings. We also produce silica, silicate, and 
ceramic sols that are excellent for active coatings. And, the 

pure silica porous glass is a perfect substrate which allows 

doping of metals, such as selenium or antimonium for 

specific uses. 
CIRCLE NO. 1 

£For Optical Recorders/Readers with lenses in sizes and 

shapes never before possible. We can produce any combi­

nation of piano, convex or concave surfaces, aspherical, 

fresnel, meniscus, prisms, rods, and cones in sizes as small 

as 1.5 mm. In addition, these lenses have a broad transmis­
sion range of .170--3.4 µm. 

CIRCLE NO. 2 

.A For Optical Waveguides utilizing porous glass with 

laserwritten pathways to conduct light according to your 

particular application. 
CIRCLE NO. 3 

.A For Micro-optic Arrays with porous glass designed to 

direct light sources in a series or pattern of directions. 

CIRCLE NO. 4 

Pure Solutions for 

Tomorrow's Applications. 
EON September 3, 1990 

GELTECH, Inc., introduces a revolutionary manufacturing 

process known as sol-gel technology. Sol-gel is a form of 

ultra-structure processing, where very small colloidal par­

ticles are first formed in solution. In sufficient concentra­

tion, these minute particles link together into chains, then 

into 3-0 networks. We pour the solution into molds to yield 

a superior finished product at a much lower cost. The results 

are lenses and porous glass, molded to exact dimensions 
without the need for grinding. In the case of our porous 

glass, you even get to specify the pore sizes ranging from 

25 to 50 A in diameter. 

If your design solution calls for powders, consider our pure 
silica product in sub-micron and micron-sized spherical 

powders. Or, our silica/silicate coatings for semiconduc­

tors-{)r, your specific electronic application. Tailor-made 

solutions for your applications . 

Just imagine the possibilities. 

Call GELTECH's Product Information Center today at (904) 

462-2358, or write us at Two Innovation Drive, Alachua, 

Florida, 32615, for more information on our family of sol­

gel products. Who knows, you may just imagine electronic 

applications for a whole new generation! 

I c~-nLTECH I GELTECH, Inc. 
1/Je Pioneers in Sol-Gel Jecbnology 

11 
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When you set out to design the most advanced 

graphics system technology. you have to search for 

the most innovative microprocessor you can find. 

That's why Apple® called AMO. When it came to 

designing their new Macintosh® graphics accelera­

tor board* they needed AMD's 29K™ RISC micro­

processor. At 23 MIPS. only the 29K can boost the 

speed of 32-bit OuickDraw® graphics routines from 

five to thirty times. More than enough for photo­

realistic images. And for the first time ever. true 

24-bit color graphics can be displayed at even 

faster than monochrome speeds. 

You can have the same kind of performance 

with the 29K. And you don't have to wait to get 

started. Or finished. AMO and over 40 Fusion29K™ 

partners already have complete hardware and soft­

ware development tools. Such as the HP® emulator. 

Microtec® Research and Intermetrics™ cross com­

pilers and debuggers. 

Find out everything you need to know. Give us a 

call at (800) 2929AMD. And don't take any chances 

when it comes to your RISC design. 

Advanced Micro Devices l1 
901 Thompson Place, P. 0. Box 3453, Sunnyvale, CA 94088 

CIRCLE NO. 80 
29K and Fusion29K are trademarks of Advanced Micro Devices, Inc. Where indicated, product and company names are trademarks/registered trademarks 

of their respective holders. 

*Macintosh Display Card 8 • 24 GC © 1990 Advanced Micro Devices, Inc. 
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~National 
~Semiconductor 

Jill I'm doing is applying 
technology to solve the world 
human communications:' 

HOW NATIONAL SEMICONDUCTOR IS 
HELPING YOU MEET THE CHALLENGES OF NEXT­
GENERATION DATACOM AND TELECOM SYSTEMS. 

Mike Evans, National Semi­
conductor's Director of Strategic 
Applications, Integrated Systems 
Group, talks about applying high­
performance VLSI solutions to 
communications problems. 

Achieving single-chip 
integration for IEEE 802.3 

local area networks. 
"We're already a generation 

ahead in Ethernet chip design. 
We're the LAN market leader and 
the de facto standard in the in­
dustry. And now we've set a new 
standard in analog and digital 
integration "With SONIC, for'Systems­
Oriented Network Interface 

FDDI Cbip Sel • 

32Bit 
Em bedded Processors • , 

14 

locked loop onto a single chip that 
delivers a data rate of lOMbits 
per second. 

"It's the first device that imple­
ments all 802.3 network manage­
ment functions. And the first 
capable of embedding the Ethernet 
control functions in 32-bit com­
puter systems. High performance, 
low power, small footprint'.' 

Setting the pace for 
tomorrow's fiber-optic 
solutions "With FDDI. 
"This is a quantum leap from 

Ethernet. Fiber Distributed Data 
Interface. It's the backbone of next­
generation IANs. And it delivers 
at an incredible lOOMbits per sec­
ond, and "With an incredibly low 
bit-error rate. We have a four-chip 
set, one in CMOS, three in Bi CMOS. 

Our Bi CMOS gives 
us the bipolar 

Etbem e/ Cbip Se/ 

.. ... 
SONIC 

1 

speed necessary for these data rates, 
"With the CMOS density for high­
speed logic functions. And we're 
already adding a fifth chip - a high­
performance system interface. 
This is the frontier - and we're right 
on the edge of it: ' 

Creating the world's 
first analog programmable 

CODEC/filter. 
"Here's another example of 

how we're building on our leader­
ship position. Our COMBO I, 
combined coder/decoder and filter, 
is already on nearly half of the 
non-captive analog linecards in the 
world. But the telecom market 
needs higher performance and 
more flexibility, so we've given 

• COMBO Series 

EDN September 3, 1990 



the world's most advanced 
's most ancient problem: 

them the COMBO II. Second­
generation, proven technology, 
fully qualified, fully characterized, 
in production. And it's the only 
one in the world that is fully pro­
grammable for gain and hybrid 
balance and time-slot assignment 
and A- or µ-law..'. ' 

Bringing unprecedented 
power and flexibility to 

fax designs. 
"If you think facsimile is 'old' 

technology, then you haven't seen 

EDN September 3, 1990 

our solution yet. Actually our 
range of solutions - you can go 
from low-end designs to high -end 
designs without rewriting a single 
line of code. Full 32-bit processing 
power. Optimizing your fax func­
tions, but also allowing you to utilize 
the processor for other functions 
when it's not sending or receiving 
faxes. So you can do PostScript 
calculations, laser printing, network 
management. Single chip, single 
box, single company." 

Putting the pride of 
National to work for you. 

"You know, communications 
affects the whole world. But the first 
step in communicating is over­
coming our natural reluctance to do 
it. IfI wanted to talk to communi­
cations experts, I'd call National. 
That's where it starts'.' 

1-800-NAT-SEMI, Ext. 601 

~National 
~Semiconductor 

1990 Natio nal Semiconcluaor Corrx:>ration 

PosrScript is a registered trademark o f Adobe Systems. 
ASPECJ; COMBO, M2CMOS, and SONIC are trademarks 
of National Semiconductor Corporation. 
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68040 SYSTEMS EQUIPPED 
.. - . . . ' / . . 

.. 
•'' 

.... 
' ., 

Systems utilizing the new 

Samsung 84C31 take off. 
They run like Triple Crown­

~inning thoroughbreds. 

They blaze, scorch, and 

leave others in their dust. 

In a word, they are fast. 
And they make even 

speedy 68040 systems that 
'don 't use the 84C31, look 

like they' re not in motion. 

The 84C31 was designed 

·YO 'LL NOTICE A 

with the close cooperation 

of Motorola. It is the only 

DRAM controller designed 

SAMSUNG'S DRAM CONTROLLER 
FORTHE680llOAND6I030 

Part Numlxr RAA/J Supporttd Package 

KS84C31-33CL 256K, !Mb 68-pin PLCC 

KS84C32-33CL 256K, !Mb, 4Mb 84-pin PLCC 

Samp/r,J anJ production availnhk now. 

specifically for Motorola's 

powerful 6804 0 and 68030 

microprocessors. 

Like the extremely suc­

cessful earlier-generation 

, 

•• 'w, 

.. ·. .. . ' 
,• 
~ ' ·'• ~.. ... 

Samsung System Acceler~- · ·: 
torsT,M the part is highly 

integrated and inherently 
fast. And as the cutting 

edge in memory control, it 

can help you simply and 

economically enhance even 
68040 performance. 

The 84 C3 l supports both 
the burst and non-burst 

modes of the 68040. It also 

provides a direct interface 



WITH OUR DRAM CONTROLLER: 
.CERTAIN IMRROVEMENT. 

... to the microprocessor. 
Which saves you dollars, 
board real estate, and 

6I030 PIRFORMAHCI SUMMARY 

A=-- Ci«k. DRMf Sp«J Froiumcy (Mbz) 

4-2-2-2 70 ns 20 

5-2-2-2 120 OI 20 

5-2-2-2 80 ns 25 

6-2-2-2 120 ns 25 

6-2-2-2 80 ns 33 

7-2-2-2 100 ns 33 

._ PIRFOllMANCI SUMMARY 

A=-- Ci«k. DRAM S,,,,J Froiumcy (Mbz) 

3-2-2-2 80ns 25 

5-2-2-2 100 ns 25 

6-2-2-2 120 ns 25 

5-2-2-2 80 " ' 33 

6-2-2-2 100 ns 33 

esign time, since it means 
you don't need additional 
glue logic. 

EtMe of design is another 
advantage. As a glance at 
our System Design Guides 
will show, it's an unusually 
simple chip to design in. 

All in all , we believe the 

84C31 is the best memory 
controller solution available 
today. 

For details on using it to 
make your designs take off, 
contact DRAM Controller 
Marketing, Samsung 
Semiconductor, 3725 No. 
First St., San Jose, CA 

95134. O r call 1-800-669-
5400, or 408-954-7229. .. 

!!! SAMSUNG 
U Semiconductor 

Cl Sam.iu"!I &mi£11ruluctor, l flC., 1990. S~tvn AcakrWor U a trrukmark 
of 5'inuu.ng SuniamiJudor, / fl(.. MolorolA U a traiknuul: of Afotorok Inc. 
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Test yourfastestprototYP<iASICsfor ~ 
.. . . . .. . ... .. . 

Finally, a 400 MHz IC 
Evaluation System. 
Before you :send those fast ASIC 
designs off to production, make 
sure they'll handle the stress of 
real-world operating conditions. 

Now, that's possible-even for 
GaAs, ECL, and BiCMOS 
devices-with the new 400 MHz, 
HP 82000 IC Evaluation System. 

It's a testing breakthrough . . . 

© 1990, Hewlett · Packard Co. TMBID043 EDN 

. . - . 

a 400 MHz vector rate on all chan -
nels and up to 512 pin capacity. 
Finally, you can verify and char­
acterize complex prototype ASICs 
to their limits. Which means you'll 
send fast !Cs to production with 
the confidence that they won't 
return for time-consuming and 
expensive redesign. 

You can even go a step further. 
Its high-throughput software 
lets you efficiently test small 

EDN September 3, 1990 



fajlµr~fttspe~db~for~- ·producti9n. 
~ "; . ... ... 

batch production runs, too. 

And because all the systems in 
the HP 82000 family are modu­
lar, you can expand from 50, 100, 
or 200 MHz to 400 MHz as your 
needs change. This protects your 
original investment. 

So call 1-800-752-0900* today. 
Ask for Ext. 1615 and we' 11 send 
the details on giving those fast 
ASICs a real-world test. Before 
you pass them on to production. 

' In Ca nada , ca ll 1-800-387-3867, Oe pt. 4 13 

EDN September 3, 1990 

There is a better way. 

F//ffl HEWLETT 
~~ PACKARD 
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When it comes 
to surface­
mount (SMT) 
LED indicators, 
Hewlett-Packard 
and Siemens 
are making a 
world of difference. Through our 
extensive co-development efforts, 
we can offer you standard, multi­
sourced SMT LEDs. 
By combining our expertise in 
the optoelectronics field , we've 
done more than respond to your 

20 

need for a global standard. Our 
SMT LEDs are designed to give 
you performance comparable 
to through-hole LEDs. 
To brighten your design outlook 
even further, our LED indicators 
will provide SMT manufacturing 
process compatibility for ease of 
placement and soldering. Plus, 
we'll offer a full range of LED 
colors, and light intensity that 
outshines all others. 

Best of all, these lamps are from 
HP and Siemens. So you're 

CIRCLE NO. 84 

assured of our commitment to 
excellence in service, support 
and reliability. 

Call for our free information 
package: 1-800-752-0900, ext. 
1498. For people like you who 
demand high performance SMT 
LEDs, two sources, and one 
standard, a new day is dawning. 

There is a better way. 

F//09 HEWLETT 
~~ PACKARD 

EDN September 3, 1990 



NEWS BREAIZS 
EDITED BY SUSAN BUREAU 

$199 DOS-BASED STD BUS COMPUTER SUITS INDUSTRIAL TASKS 
The MCM-SBC41 single-board computer from WinSystems (Arlington, TX, (817) 

274-7553) gives you IBM PC compatibility in a form factor small enough for many 
embedded applications. You can plug as much as lM byte of memory into the board's 
three 32-pin memory sockets. The computer also has three RS-232C channels and a 
Centronics-compatible parallel port. A watchdog timer, power-failure reset circuit, 
and low-power sleep mode enable the computer to operate unattended. You can use 
the board's STD Bus interface for I/O; the computer can also operate independent of 
the bus. Dissipating less than 3W, the computer, which has a 16-bit NEC V40 CPU, 
costs $199 (500); $295 for single units.-J D Mosley 

VXIBUS SLOT-0 :MANAGER CAN CONTROL NON-VXI INSTRUMENTS 
The multitalented VX4520 slot-0 resource manager from Colorado Data Systems 

Inc (Englewood, CO, (303) 762-1640) provides the services required of a VXIbus slot-0 
device plus several features that let you reduce the number of slots your system 
needs. As a C-size, slot-0 device, the $3000 module supplies a 10-MHz clock and a 
Modid (Module Identification) function that identifies the slot locations of other 
VXIbus modules. As a VMEbus system controller (VXI incorporates the VMEbus 
specs), the module provides bus arbitration, interrupt control, and a system-failure 
monitor. As a VXIbus resource manager, the module performs system-configuration 
duties such as device identification, address mapping, and memory allocation. An 
integral IEEE-488 port lets the module configure and map non-VXI instruments as 
if they were on the VXIbus.-Steven H Leibson 

T/H AMPLIFIER BREAKS SPEED AND ACCURACY RECORDS 
The AL1210 track-and-hold amplifier from Acculin Inc (Natick, MA, (508) 650-1012) 

features 8-bit accuracy at a sampling rate of lOOM samples/sec and 12-bit accuracy 
at 50M samples/sec. The amp acquires a 2V step input to within 0.1% and 0.01% in 
a maximum of 9 and 14 nsec, respectively. The total harmonic distortion produced 
by sampling a 20-MHz, 2V p-p input at 50M samples/sec is - 70 dBc max over the 
full operating temperature range . The device's supporting specifications are com­
mensurate with its speed and accuracy: It offers a 300-MHz small-signal bandwidth, 
a 5-µVfC offset temperature coefficient including pedestal, 1-psec rms aperture jit­
ter, and 50-µV rms total noise. The device's maximum power dissipation is 400 mW. 
Available in both commercial and industrial grades, the $95 (100) amplifier comes 
in a 16-pin SOIC. Surface-mount packaging minimizes the pin inductance, which is 
the limiting factor in the amplifier's settling time.-Anne Watson Swager 

SERIAL COMMUNICATIONS CONTROLLER UNBURDENS CPU 
The Zl6C31 serial controller from Zilog (Campbell, CA, (408) 370-8000) can give 

your system's CPU a break from handling data communications. The controller 
provides a full-duplex communications channel with dual baud-rate generators, a 
clock-recovery phase-locked loop, and an ISDN (Integrated Services Digital Network) 
time-slot assigner for multiplexed transmissions. The device features two 32-bit 
DMA channels, each with its own 32-byte FIFO. The DMA channels support several 
buffer-management schemes and transfer data stored in noncontiguous blocks of 
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memory without CPU intervention. You can limit the bus-mastership time of the 
channels to prevent them from hogging your system's bus. 

The controller can handle a variety of serial communications protocols, including 
asynchronous, byte-oriented synchronous, and HDLC (high-level-data link control). 
You can independently program the transmit and receive protocols as well as their 
baud rates. You can also program the device to provide sync stripping, preamble 
transmission, and automatic CRC (cyclic redundancy check) handling. The device 
will directly connect to the 680x0 and 80x86 processor families and supports both 
8-bit and 16-bit bus widths. It costs $34 (1000) and comes in a 68-pin plastic leaded 
chip carrier .-Richard A Quinnell 

OP AMPS SETTLE TO 14-BIT ACCURACY IN <32 NSEC 
Two op amps from Comlinear Corp (Fort Collins, CO, (303) 226-0500) provide fast, 

accurate settling for data-acquisition systems. Over their full operating-temperature 
range, CLC402 and CLC502 settle to within 0.0025% (for a 2V step), without under­
shoot or overshoot, in less than 32 nsec (25 nsec typ), ensuring 14-bit accuracy. The 
amps' settling performance is independent of gain for gains ranging from ± 1 to 
±8. The $7.65 (1000) CLC402 is pin compatible with and faster than the company's 
existing CLC400 op amp. The $8.35 (1000) CLC502 offers the same performance as 
the CLC402 but adds a clamped output for protecting the sensitive and expensive 
conversion circuitry the op amp may be driving. The clamped amp recovers from 
overloads within 10 nsec and features a 3-dB bandwidth of 150 MHz for a gain of 2. 
The 3-dB spec for the CLC402 is 1 75 MHz. The company offers both products in 8-pin 
DIPs and 8-lead SOICs.-Steven H Leibson 

80-:MHz ASIC VERIFIERS COST $300 PER PIN 
The ETS 200 family of benchtop ASIC verification testers from Hilevel Technology 

(Irvine, CA, (714) 727-2100) offers configurations of as many as 512 pins for approxi­
mately $300 per pin on a 128-channel system. The testers handle 50-MHz clock rates 
and 25-MHz data rates and have ± 2-nsec pin-to-pin skew. Unlike the manufacturer's 
ETS 100 family, which is limited to functional-test applications, the ETS 200 testers 
have 16 timing generators with 500-psec resolution for timing characterization. The 
devices support split-cycle I/O operation on all pins for testing multiplexed bidirec­
tional buses. Each pin's memory depth is 16k test vectors; memory depth of 64k 
test vectors is available as an option.-Doug Conner 

INTERFACES ADD ISDN CAPABILITIES TO PROTOCOL ANALYZER 

22 

Four interface modules from Hewlett-Packard Co (Palo Alto, CA, (800) 752-0900) 
add basic- and primary-rate ISDN (Integrated Services Digital Network) capabilities 
to the company's HP 4952A wide-area-network protocol analyzer. The four modules 
are the HP 18281A ISDN basic-rate monitor and simulation interface; the HP 18282A 
ISDN primary-rate interface for l.544M-bps systems; the HP 18283A ISDN primary­
rate interface for 3-pin, 2.048M-bps systems; and the HP 18284A ISDN primary-rate 
interface for 2.048M-bps systems that employ 750 ENC connectors. The primary-rate 
interface modules cost $2500 each, and the monitor/simulation interface module 
costs $2000. Using the interfaces, the $8540 protocol analyzer with optional memory 
expansion can handle all coding schemes employed by the ISDN central-office 
switches now available from the major global-telecommunications companies. 
-Steven H Leibson 
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Zero defects. Statistical process 
control. Total quality management. 

When James Cannon founded Cannon 
Electric in a shed behind his house in 1915, 
these terms didn't exist. 

But the foundations for a solid busi­
ness did. Because long before built-in 
quality became the talk of the industry, 
Cannon was designing quality into all 
of our connectors. 

That commitment to innovative 
design, dependable products and unsur­
passed customer service has paid off. 
Seventy-five years later, ITT Cannon has 
become an international supplier of elec­
tronic components, with manufacturing 
operations throughout North America, 
Europe and Asia, backed by employees 
dedicated to leading the industry we 
founded. You see, instead of just paying 
lip service to quality, we've invested 
millions of dollars guaranteeing the 
reliability of our products and service. 

On the drawing board, our computer­
aided designs create innovative, cost· 
efficient solutions. On the factory floor, 
our precision manufacturing equipment 
employs statistical process controls. 
And in the testing lab, sophisticated 
techniques allow advanced material 
development and environmental 
performance evaluation. 

The result? From commercial avionics 
and automotive electronics, to computer 
and medical equipment, our customers 
get first time, every time performance. 
From our components. And our people. 

So if you expect more than ever 
from your suppliers, talk to the company 
that's ready to serve your needs. 

ITT Cannon. We discovered the 
value of quality 75 years ago-right in our 
own backyard. 

1851 East Deere Avenue, Post Offi.ce Box 35000 
Santa Ana, CA 92705-5300 
Pfwne: (714) 261-5300 Fax: (714) 757-832418301 
Tel£x: (714) 655358 
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ITT Cannon 
AN /IT EMC WORLDWIDE COMPANY 

Discover our strengths. 
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RENT DEVELOPMENT TOOLS FOR 2% OF PRICE PER MONTH 

Hewlett-Packard Co (Palo Alto, CA, (800) 752-0900) is renting all the development 
tools and instruments in its catalog to those who have value-added business con­
tracts with the company. By HP's definition, value-added business partners include 
software suppliers, systems integrators, resellers, distributors, and consultants. For 
2% of the products' list price per month, such companies can rent products approved 
in their demonstration/development contracts, including workstations, minico~put­

ers, terminals, software, networking products, instruments, and medical equipment. 
The initial rental agreement lasts for six months after which companies can renew 
the agreement month by month, purchase the product (65% of the rental fee will 
be credited to the purchase price), or return the product.-Steven H Leibson 

CONTROL CHIP KICK-STARTS COMPUTER SYSTEMS 
Designing a DS1239 MicroManager chip into your desktop or laptop computer 

eradicates the need for a power switch. This chip from Dallas Semiconductor (Dallas, 
TX, (214) 450-0400) lets end users turn their computers on and off with a single 
keystroke; for automatic booting, you can design the chip to sense an external 
signal from a telephone or a time clock. The chip can also monitor a second key or 
signal in case the end user wants to manually reset the CPU without terminating 
power to the computer. If power fluctuations or software problems cause the CPU 
to lose control of your computer, a watchdog timer resets the CPU. The chip draws 
less than 100 nA from its internal lithium battery. This power energizes an optoiso­
lator, which in turn empowers a triac that lets power flow to the computer. The 
$3.50 (1000) chip also isolates end users from the ac power control, making it easier 
for you to obtain UL approval for your computer design.-J D Mosley 

DOS OPERATES FROM ROM OR DISK 
Industrial and non-PC applications that require embedded PCs need operating 

systems in addition to cloned hardware. ROM-DOS, a low-cost operating system from 
Datalight (Bothell, WA, (206) 486-8086), provides these applications with the capa­
bilities of Microsoft's DOS 3.2. An independent testing lab, Veritest Inc (Inglewood, 
CA, (213) 670-5848), has certified the system's compatibility with major DOS applica­
tion programs. Running both COM and EXE files, the system requires approximately 
34k bytes of ROM and consumes as little as 14k bytes of RAM. You can load the 
operating system to your system from a disk drive, or you can place the system in 
a ROM. A developer's kit with linkable object modules costs $495; a source code 
license costs $10,000. You also pay a $6 (5000) royalty fee for each copy you ship . 
-Steven H Leibson 

V HDL'S I MPORTANCE ACKNOWLEDGED 
Recognizing the importance of tightly integrating VHDL (VHSIC Hardware Descrip­

tion Language) products with their existing design tools, Valid Logic Systems (San 
Jose, CA, (408) 432-9400) has agreed to buy the source code to Intermetrics ' (Cam­
bridge, MA, (617) 661-1840) VHDL products. The accord gives Valid the right to 
market future Intermetrics products and allows Intermetrics to license back existing 
and future products for current customers and defense and contract-related busi­
ness. Current Intermetrics' products covered by the agreement include a VHDL 
analyzer/compiler, a full VHDL interactive simulator, and a design-library manager. 
An upcoming product release will add a graphical user interface and a source-level 
debugger.-Michael C Markowitz 
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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, Techno 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 
91405-1139 Phone (818) 781-1642. 

CIRCLE NO. 86 

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) wirewound. 
For more information contact : Dale Electronics, Inc., 
1155 West 23rd Street, Tempe, Arizona 85282-1883. 
Phone (602) 967-7874. 

A COM PAN Y O F 
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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. 
·units are not OPL listed 

T, TH, TI 
bent lead version 

style X 65 

case styles 
T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 

finding new ways .. 
setting higher standards 

r::J Mini·~0~0r.!;0!!n~i~ 
P.O. Box 350166, Brooklyn , New York 11 235-0003 (718) 934-4500 

Fax (71 8) 332-4661 Domestic and International Telexes: 6852844 or 620156 

C72-1 REV. B 

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

NSN GUIDE 
MCLNO. NSN 
FTB 1- 1- 75 5950-01 - 132-8034 
FTB1 -6 5950-01 -225-8773 
T1-1 5950- 10- 128-37 45 
T1 - 1T 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- 105-81 53 
T16- 1 5950-01-094- 7439 
TM0 1- 1 5950-01 - 178-261 2 

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- 183-641 4 
5950-01-215- 4038 
5950-01 -215-8697 
5950-01 - 168- 7512 
5950-01 -067- 101 2 
5950-01 -091 -3553 
5950-01 - 132-8102 
5950-01 - 183-0779 
5950-01 - 141 -0174 
5950-01 - 138-4593 



3KHz-BOOMHz from $325 
case style number 
see opposite page 
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n FREQUENCY INSERTION LOSS 
RATIO 

MODEL 
NO. 

T1 - 1T 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 

tTM02.5-6T 2.5 
tTM03-1T 3 
TM04-1 4 
TM05- 1T 5 
TM013-1T 13 

TT1 -6 1 
TT1 .5- 1 1.5 
TT2.5-6 2.5 
TT4-1 3 
TT4- 1A 4 
TT25- 1 25 
TTM025- 1 25 
TTM01 - 1 1 
TTM04- 1A 4 

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

tTM02.5-6 2.5 
tTM04-6 4 
TM06-1 6 
TM09-1 9 
TM016- 1 16 

T2- 1 2 
T3- 1 3 
T4-2 4 
T8-1 8 
T14- 1 14 
TM02- 1 2 
TM03- 1 3 
TM04-2 4 
TM08-1 8 
TM014- 1 14 
FT1.22- 1 1.22 
FT1.5- 1 1.5 

FTB-1 1 
FTB1 -6 1 

•FTB- 1-75 1 

T-622 1 
T626 1 

• Deno1es 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 
10- 500 
8- 300 
2-90 
7- 85 
1-800 
.15- 400 
.1-300 
.01 - 100 
.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- 150 

.005- 100 

.1- 400 

.2-500 

.01 -125 

.5-500 

0 .1-200 
0.01 - 10 

0.1 dB over 1 dB frequency range 
0.5 dB over entire frequency range 

3dB 2dB 
MHz MHz 

.05-200 .08- 150 

.003- 300 .01-150 

.07-200 .1- 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- 120 .7-80 

.03-20 .05- 10 
- 10- 500 
8- 300 10-200 
2-90 3-75 
7-85 10-65 
1-800 2-500 

.15-400 .35- 200 

.1- 300 .2- 150 

.01 - 100 .02- 50 

.02- 200 .05- 150 

.3-200 .5- 150 

.15-200 .3-150 

.3- 120 .7-80 

.050-600 .1-400 

.5-800 2-400 

.2-600 .5-500 

.15- 250 .25-200 

.2-150 .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 

.01 - 125 .05- 50 

.5-500 5- 300 

0.1-200 0.5-100 
0.01 - 10 0.2-5 

Maximum Phase Unbalance 
1.0° over 1 dB frequency range 
5.0° over entire frequency range 
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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- 10 
.1- 10 
.05-40 

0.3-180 

2-50 
0.03-50 

.05- 50 

.5-80 
0.1-25 

.05- 20 

.1-100 
2-40 
5-20 
.1-5 
40- 250 
25-100 
6-50 
15- 40 
-
2-50 
.5-8 
.05-20 
.1- 100 
5- 50 
2-40 
5-20 

.5-200 
-
2-250 
2-100 
2-50 
.5-200 
-
2-250 
2- 100 
2-50 
.05-25 
1- 100 

1- 100 
.1-25 
10-100 

5-80 
.04-2 

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 

11 .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 
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HP SojtBench: A software development 
environment with an integrated set of program 

development and integration platform tooi,s. 

HP AxDB DefTugger: Displays microprocessor 
code, stack backtrace, and variables. 

Thst coverage window shaws statements 
not executed during test. 

lnteri,eafThchnical Publishing Software: A 
documentation software and management system 

that features integrated text and graphics. 

Cadre Thamwork: A family of 
tooi,s that implement system analysis and 

software design methodologies. 

Best CA 

McCabe Thst 1bo/,s: An automated software 
testing and reverse engineering application. 

EDN September 3, 1990 
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Verilog LOG/SCOPE: 
A utoma/Rd testing of source 

code analysis for reverse 
engineering. 

Ada: A development environment that 
allaws real-lime symbolic debugging, available 

from multiple vendors. 

SE scenario. 

.. -------
ORA CLE: An application.for 

structured, computer-assisted 
development of systems 

solutions. 

F'rame F'rameMaJcer•: Easy-to-use text, 
graphics, and layout tools.for documentation. 

Your software release dates are 
continually postponed. Defects are 
discovered late in your development 
process. And your team can't find 
contemporary solutions to exist­
ing problems. 

Hewlett-Packard has a better way. 

With the HP CASEdge program and 
our software suppliers, we offer a 
broad selection of development 
tools for the software engineering 

EDN September 3, 1990 

industry. And a strong commitment 
to helping your team find, evaluate, 
and implement the right software 
engineering tools and best practices 
for the task at hand. 

HP CASEdge solutions speed the 
automation of specification, design, 
implementation, debugging, and 
maintenance. And decrease devel­
opment costs while getting your 
products to market faster. 

CIRCLE NO. 89 

i-Logix Stalemate: Allaws dynamic 
analysis of complex systems long be.fore design 

and implementation. 

Apollo DSEE: Offers unequaled 
so.fl.ware development support.for complex, 

team-oriented projects. 

-···ib ......... 1. list 

~ .... 
L ~·~~ 

@8~ oa[~'~O-

/DE So.fl.ware Throu,qh Pictures•: Integrated tools 
for improving so.fl.ware quality that emphasi.ze 

systems analysis and so.fl.ware design. 

For your next design project, choose 
the vendor with the best CASE sce­
nario. Call HP today at 1-800-
752-0900, Ext. 219X. 

There is a better way. 

Ff/OW HEWLETT 
Ii.:~ PACKARD 
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~t!tics. Because 
into . g 

WITH OUR RJLL FAMILY 
To design successful new systems, you need an IC 
vendor who understands your ever-changing needs. 
A partner who can match the right device to your 
application. 

That's exactly what you get from Philips Compo­
nents-Signetics. 

As the design world changes, Signetics changes. 
We're listening to your needs. And designing and 

enhancing our devices to meet those needs. 

Like the growing need for personal 
communication devices and for ICs in 
desktop and portable computing. As 
well as devices for computer network­
ing with compatibility across platforms. 
And for ICs that meet the need for ro­
botics and automation in manufacturing. 

We're also drawing from nearly a cen­
tury of Philips innovation to apply our 
consumer technologies to the business 
world. Including digital video and high­
density compact disc storage. 

In fact , wherever your design needs 
take you, Signetics will be there with 
complete families of devices to meet 
emerging computing, communications 
and control needs. 

EDN September 3, 1990 



you've put so much 
it perfect. 
OF ICs,YOU GET OUT OF IT WHAT YOU PUT INTO IT. 

COMPUTING COMMUNICATIONS CONTROL 
APPLICATION PRODUCT APPLICATION PRODUCT APPLICATION PRODUCT 

Workstations • Advanced BiCMOS Logic Cellular • Cellular Chip Set Automotive • 8-bit 80C51-based MCUs 
e High Speed ASICs Communications • Frequency Synthesizers Control e OTP EPROMs 
• Futurebus Chip Set Systems • Linear/Digital/Mixed 
e High Speed PAL ~-type Mobile Telephony • Paging ICs Mode ASICs 

Devices • Frequency Synthesizers 
• High Performance MCUs Consumer e AID MCUs 
e SRAMs FAX/Modems/ • 8-bit 80C51-based MCUs Appliances and e LCD Displays 

Features e E'PROM Entertainment • Audio Circuitry 
Personal e High Density ASICs/PLDs Phones • LCD Drivers • Dolby Noise Reduction 
Computers • DRAM Controllers • Dialers • Frequency Synthesizers 

e DTP EPROMs • Speech Circuits 
e FLASH Memory e RF Chip Set Industrial • Advanced BiCMOS Logic 

Control & e UV/OTP EPROM MCUs 
Desk Top Video • AID Converters DataComm LANs • Ethernet Chip Set Robotics • Real-Time Bus 

• Digital Color Decoders • 100-Mbit Fiber Communications 
e High Speed PLDs Controller 

Peripheral • 8-bit80C51 -based MCUs • Advanced BiCMOS Logic 
Products • Zero Power PLDs Portable • Low Voltage/Power 

• Programmable Multi-Protocol • Dual Universal Serial Instrumentation MC Us 
Sequencers Controller • Advanced CMOS Logic 

• 3-State ECL Transceivers e UARTs and DUARTs • LCD Drivers 

As illustrated above, we're listening to customer needs and developing products in three focused areas: computing, communications and control. 

This includes products based on our advanced 
Bi CMOS technology, QUBiC. Developed from our 
strength in bipolar technology and fully integrated 
with our sub-micron CMOS technology, QUBiC 
gives you nearly twice the speed of previous-gener­
ation bipolar ICs. With CMOS power savings. We're 
incorporating QUBiC into all our product families, 
creating a new class of high-performance devices. 

Philips Components-Signetics is committed to the 
military market, with over 80% of our I Cs meeting 
MIL-SPEC certification. This commitment is evident 
in our Class S domestic assembly plant and DESC­
certified wafer fabs. 

To learn how Philips Components-Signetics helps 
you make the perfect design, call today for more 
information: 800-227-1817, ext. 711D. 
PAL is a trademark of AMD/MMI 

PHILIPS 
EDN September 3, 1990 31 
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• 

Time is finally on your side. Our new GAL20RA 10, with ten individually programmable 
clocks and a l Sns propagation delay, offers the world's fastest performance. A combination 
that delivers the ultimate in design flexibility and speed, all in a 2 4-pin E2CMOS® GAL device. 

For example, design engineers con independently clock, reset and preset each of ten output 
logic mocrocells. These individually programmable clocks enable asynchronous designs, toking 
your system performance to even higher levels. 

If your design is ready !or the big time, call l -800-FASTGAL, / l , If attice 
and ask for dept. 203. We II send you free samples and a data- Semiconductor 
book describing our entire line of high speed E2CMOS GAL C t. rM 

devices. Fast. orpora 1on 
5 5 5 5 Northeast Moore [our/ • Hillsboro, Oregon 9 712 4 

Leader in E2CMOS PLDs:· 

Copyright © 1990, lottice Semiconductor Corporation. GAL ond PCMOS ore registered trodemorks of lattice Semiconductor Corporation. 
Circle 75 for Literature Circle 76 for Employment Information 



SIGNALS & 
NOISE 

"Peripheral processor" 
mode allows mating 
In John Gallant's article, "Floating­
Point Chips Boost Microprocessor 
Performance" (EDN, June 7, 1990, 
pg 63), he notes that the Motorola 
68881168882 and Texas Instru­
ments' TMS34082 do not mate with 
general-purpose microprocessors. 
Actually, both have a "peripheral 
processor" mode that does allow use 
of any µP that has the appropriate 
interface circuitry to address the 
chips. The 68881/82 can size the 
data bus to either 32, 16, or 8 bits, 
depending on the needs of the main 
processor. And you can program 
the TMS34082 in its own assembly 
language, allowing development of 
custom math routines. The 34082 
can address 64k bytes each of pro­
gram and data long words (32k bits) 
for custom programming. 
Tony Lewis 
Seven-L Engineering 
Raleigh, NC 

Cheers for article; 
jeers for Unix 
The article by Charles H Small on 
Unix (EDN, June 7, 1990, pg 88) 
was well timed and much needed. 
Engineers hate to work on things 
without schematics, and Unix is the 
worst "black box" I've seen. Thanks 
for the peek under the hood. 
Noor S Khalsa, Senior Engineer 
EG&G Inc 
Los Alamos, NM 

Correction 
Because of erroneous information, 
some of the specifications for the 
call-back modem from B&B Elec­
tronics Manufacturing Co was in­
correctly published (EDN, June 7, 
1990, pgs 164-165). The product 
coverage should say that the mo­
dem operates at 300, 600, 1200, 
2400, 4800, 9600, and 19,200 baud 
with automatic baud-rate selection, 
and it costs $149.95. EDN 
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Contactless LSI CARD/DEBUT 
-------Data Carrier 

•Access controller 

•Parameter setting 

•Cipher carrier 

•Data transfer media 
t512KBytel 

size:l03X 54X3.8'%. 

MR -8KB/ E(8KBytel 

size:30X54X2% 

IE2PROM Card 2K 
and 8KBytel 

External Memory devices for; 

•On-board vehicle computer 

•Agricultural tranctor -Airplane 

•Photo-development system 

Contactless LSI CARD 
•Factory automation . Neumerical controller 

•Measurement instrument · P.O .S. terminal Portable Memory 
•The contoctless access system gurontees durability in harsh environment such as dirt, 

static electricity, vibration, low temperature below freezing point, dew condensation etc. 

. •More reliable CCL serial access system than parallel system and no worry about 

misoperotion . •Very fast access speed as fast as 500KBPS. • Alredy used by 

many OEM customers throughout the world . 

NIPPON LS! CARD U.S.A. 
OFF IC E:c/o MITSUI COMTEK CORP. SUPPLY SOURCE:KOATSU GAS KOGYO CO., LTD. 

12980 SARATOGA AVE. 1-5, DOYAMA-CHO, KITA-KU , 
SARATOGA, CA95070 OSAKA 530, JAPAN. 

Phone:408-446-7821 Fax :408-725-8527 Ph o ne :011 -81-6-311-1 369 Fax :011-81 -6-311 -1720 

CIRCLE NO. 5 

The best way to a man's 
stomach ... N ordicTrack 

World's best 
aerobic exerciser. 

Nordi cTrack duplicates the motion of 
cross-country sk iing, what most experts 
agree is the most efficient and effective 
aerobic exercise. 

It burns more ca lories in less time than 
any other kind of exercise machine. Up to 
1,100 ca lories per hour according to tests at a 
major university. 

Besides burning ca lories it strengthens 
the heart, tones the muscles a.nd improves 
stamina . And it's much less stressful on the 
body than running and high-impact sports. 
Working out on ord icTrack also boosts 
creat ivity and productivity and lowers stress, 
making you feel as good as you look. 

It's tilne to change 
the spare tire. 

Unlike most in- , 
home exercisers, . 
NordicTrack works all ' 
the major muscle 
groups of the body 
including the arms, legs, 
buttocks, shoulders and 
yes. even stomach. 

So what are you 
waiting for' Ca ll 
NordicTrack today. 

Nord1c/fcll1..~ 
lFre;-Brochur; & Video I 
I Call Toll Free in U. S. and Canada I 
I 1-800-328-5888 I 
I 0 Please send me a free brochure. I 
I 

0 Also a free video tape 0 VHS 0 BETA 
Name I 

I Street I 
I City State __ Zip ___ I 
I Phone { ) I 

141C Jonathan Blvd. N. • Chaska, MN 55318 
l_!441Q_ ________ E~0~9~ 
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FOR EMI SHIELDING COMPLIANCE: 

HARD WORK ••• 

Faced with designing or testing a prod­
uct which must comply with one of 
the many commercial or military EMI 
specifications? You have two choices: 

You can dig through the mountain of 
published material ... and still not be 
much further ahead. 

Or, you can make one easy phone 
call to Chomerics. Because whatever 
standards you're dealing with, our 
people know them inside and out. No 
other supplier delivers the combination 
of knowledge, products, and services 
to make your EMI problems disappear. 

• 

Design Help 

OR EASY 
CALL 

Call us early on in the design phase of your product and 
take advantage of our no-charge EMI design review. 
We'll help you get it right the first time. 

Applications Assistance 
With your design criteria in mind, we'll look across 
the full range of EMI shielding possibilities, and provide 
detailed drawings and prototypes on short notice. 

EMI Testing 
Our depth of experience becomes very important when 
it's time to test your system. The fact that we operate 
comprehensive military and commercial testing facilities, 
with on-site design, applications support, and materials 
manufacturing, is a real advantage to our customers. 

BEFORE CONSULTING THE SPECS, 
CONSULT THE SPECIALISTS. CCHOMlER~CC~~ 

a GRACE company 

© Chomerics, Inc. 1988 
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77 Dragon Court • Woburn, MA 01888 
TEL: 800-225-1936 (In MA: 617-935-4850) • TWX: 710-393-0173 

Chomerics (UK) Ltd. 
Unit 8, First Avenue • Globe Park Industrial Estate 

Marlow, Bucks., SL7 lYA • ENGLAND 
TEL: (06284) 6030 • TELEX: 849817 CHOMER G 
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A PERSPECTIVE ON ANALOG SYS TEM DESIGN 

Advanced Linear can help you 
raise system performance levels. 
A leadership family of analog circuits from Texas Instruments is 
helping designers meet difficult design challenges. 

T evidenoe ;, "'°ng 
Throughout the design community, 
systems using the new breed of 
Advanced Linear functions from 
Texas Instruments are achieving the 
keener performance edges that can 
spe ll marketplace success. 

Tl's new analog devices are 
enab ling design engineers to link 
digital brains to analog worlds more 
effectively and efficiently than ever 
before. Some offer new standards of 
accuracy or speed while others are 
highly integrated devices combin­
ing analog and digital functions on 
a single chip. The result is superior 
system performance and design 
fl ex ibility. 

These Advanced Linear func­
tions are the result of leadership 
process technologies that we at TI 
firmly believe are the key to the 
advanced analog devices you r 
future applications will 
demand. 

Intelligent power for 
automobiles 
Designers in the automotive 
industry face a tough challenge: 
Hand le high reverse voltages and 
achi eve rap id load turnoff while 
providing fau lt protection, detec­
tion, and reporting and efficient 
load management. To provide the 
needed intelligent power devices, 
we developed one of our newest 
process technologies, Multi-EPl 
Bipolar. It is unique because it can 
combine rugged power transistors 
with intelligent control functions. 

The resulting circuits are now 
providing reliable, cost-efficient 
control of solenoids and va lves in 
such automotive applications as 
antiskid braking systems, electronic 
transmission controls, and active 
suspension systems. 

Other industry segments are also 
benefiting from Tl's Advanced 
Linear process technologies. Here 
are a few of the winning designs to 
which we have helped add an 
analog edge: 

Toledo Scale 
Challenge: Improve the accuracy 
of point-of-purchase sca les by 
eliminating drift over time and 
temperature. 
Solution: The TI TLC2654 
C hopper op amp. Our Advanced 
LinC MOS '" process makes possible 
chopping frequencies as high as 
10 kHz, reducing noise to the 
lowest in the industry. 



I N TH E ERA OF MEGAC HI P "' T EC H NOLOG IE S 

Pulsecom 
C hallenge: Develop a linecard 
capable of driving low-impedance 
loads with greater precision. 
Solution: O ur TLE206X family of 
JFET-input, low-power, precision 
operational amplifiers. These 
devices offer outstanding output 
drive capab ility, low power con­
sumption, excellent de precision, 
and wide bandwidth. Fabricated in 
our Excalibur process, they remain 
stable over time and temperature. 

Leitch Video 
Challenge: Des ign a compact , cost­
efficient direct broadcast satellite 
TV descrambler fo r consumer use. 
Solution: Tl's TLC5602 8-bit 
Video DAC. O ur LinEPlC'" 
process combines one-micron 
C MOS with prec ision analog to 
satisfy the demands of the applica­
tion for video speeds and low­
power operation. 

U.S. Robotics 
Challenge: Build a modem for high­
speed data transmission be tween 
computers; allow flex ible operation 
and minimize data errors. 
Solution: Our TLC32040 Analog 
Interface C ircuit (A IC ). A product 
of our Advanced LinC MOS 
process, the A lC combines 
progra mmable filtering, equaliza­
tion , and 14-bit A/D and D/A 
converters with such digita l func­
t ions as control circui try, program 
registe rs, and a DSP interface. 

Xerox 
Challenge: C ut component count 
and cost of copier systems while 
boosting reliabili ty. 

Mr. Coffee 
Challenge: Design an intelligent 
coffee maker that brews fas ter, 
maintains optimum temperature, 
shuts off automatically, and has a 
built-in cleaning cycle. 
Solution: O ur LinASIC "'/ 
LinBiC MOS"' capability permits us 
to combine both analog and digita l 
library cells with custom analog 
ce lls. This results in cost-efficient 
integration of temperature monitor­
ing, t iming, and high-current out­
puts on a single contro l chip. 

A ll of these examples point to 
one conclusion: Tl 's Advanced 
Linear functions are adding an 
analog edge to many system 
designs. They are contri buting 
significantly to the enhanced 
system performance that marks 
a market winner. 

Solution: Our TP1C2406, a top­
performance peri pheral driver in a 
standard DIP package that is 
capable of driving heavy loads. It is 
fabricated using our Power 
BIDFET "' process which permits 
greater circui t density and incor~- ;;:;;;~~~~~f~~~~~~~~:'}1] 
porates C MOS technology for 
low total power dissipation. 



A PER S PE C TIVE O N ANAL OG S Y S TEM D E S I G N 

WORLDWIDE MERCHANT IC MARKET 

8% 
MIXED ­

__ __, SIGNAL) 
ANALOG ICs 

15% 
LINEAR 

-----

1988 ($39.0 B) 

18% 
MIXED 
SIGNAL 

ANALOG ICs 

Source; VLSI Rc~e;uch Inc. 
© 1989 

Helping you implement your designs 
in a changing world. 
An increasing share of the total 
analog market is being captured by 
mixed-signal devices. As they gain 
more widespread acceptance, they 
are driving the expansion of the 
overall analog market (see above ). 

Changes such as this are the 
order of the day in the IC 
marketplace. Texas Instruments 
continues to provide not only the 
high-performance c ircuits you need 
but also the depth of experience, 
support, and service fundamental 
to successful completion of your 
designs. 

Experience: 
Building on three 
decades in ICs 
We at TI can successfully meet 
your requirements for mixed-signal 
devices because we have acquired 
the necessary knowledge from 30 
years of experience in deve loping 
both analog and digital functions. 
We have also drawn upon our digi­
ta l ASIC strengths in developing 
our LinASIC capabilities. 

Support: 
Speeding our chips to you 
The faster we move new products 
through our design cycles, the 
fa, ter you can get through yours. 

We employ a wide variety of design­
automation tools and sophisticated 
software to speed our development 
process. 

Service: 
Providing a surety of supply 
However advanced our circuits 
may be, they are of little value if 
they are inaccess ible to you. TI 
operates on the principle of globa l 
coverage , local service . We 
manufacture semiconductors in 13 
countries and operate support 
centers in 22. We have product and 
applications specialists, designers, 
and technicians around the world . 
They are linked by one of the 
world 's largest privately owned com­
munications networks so that we 
can bring you our best - circuits 
and support - from wherever they 
may be to wherever you are. 

Keeping our 
communications open 
The relationship between you as 
customer and us as vendor is vital: 
You are our chief source for 
firsthand information that can help 
guide us in developing the circuits 
you will need fo r your future 
designs. We at TI welcome your 
comments and your suggestions. 

Tl's Leadership Analog 
Processing Technologies 

LinBiCMOS - Combines 
Advanced LinC MOS, digital 
ASIC C MOS, and up to 30-V 
bipolar technologies to allow the 
integration of digital and analog 
standard ce lls and handcrafted 
analog components on a 
mono lithic chip. 

LinEPIC - O ne-micron 
C MOS double- level meta l, double­
level polysilicon technology, which 
adds highly integrated, high-speed 
analog devices to the high-perfor­
mance digital EPIC process. 

Advanced LinCMOS - An 
N-well , silicon-gate, double-level 
po lys ilicon process featuring 
improved resistor and capaci tor 
structures and having three-micron 
minimum feature sizes. 

Power BIDFET - Merges stan­
dard linear bipolar, C MOS, and 
DMOS processes and allows inte­
gration of digita l control circuitry 
and high-power outputs on one 
chip. Primarily used for circuits 
handling more than 100 Vat cur­
rents up to 10 A. 

Multi-EPI Bipolar - A very 
cost-effective technology that util ­
izes multiple epi taxia l layers instead 
of multiple diffusion steps to reduce 
mask steps by more than 40%. 
Used to produce intelligent power 
devices that can handle loads as 
high as 20 A and voltages in excess 
of 100 V. 

Excalibur - A true, single-level 
po ly, single- level metal, junction­
isolated , complementary bipolar 
process developed for high-speed, 
high-precision analog c ircuits 
prov iding the most stable op amp 
pe rformance available today. 

If you would like a more detailed 
explanation of our Advanced Linear 
process technolog ies, please call l-800-
336-5236, ext. 3423 . Ask for a copy of 
our Advanced Linear Circuits brochure. 

™ T rademark of T e xas Instruments Incorporated 

1990 T l 08·0082 

TEXAS . 
INSTRUMENTS 



BUD .. :fhe best in metal enclosures. 

Now .. Jhe new leader in 
plastics, too! 
Now you can meet all of your plastic enclosure 
needs from the same source you're used 
to buying metal enclosures. Bud offers 
the most complete line 
of plastic enclosures in 
the industry along with 
custom fabrication 
services to meet your 
specific needs. 



You Can Only Go to a 
Oki's New O.Sµm 
ASICs 

I 
fyour ASIC vendor's 1.0µm 

product is at the end of its 

shrink, your anxieties are 

justified. When they'll get 
to the higher speeds and densi­

ties you need for next-generation 

products is a good question. 

Oki's there now. Our new 

family of true 0.8µm drawn 

sea-of-gates offers the migra­

tion path you need to 0 .6µm , 

0.5µm , and beyond. With 200 

ps to 400 ps gate delays and 500 

MHz flip-flops, these new CMOS 

5-Volt SOGs provide the high­

speed performance your sys­

tems require now-and in the 

future. Manufactured on a 

proven, high-volume produc­

tion line, they also provide the 

guaranteed quality and reliabil­

ity your systems demand. 

Choose from a range of 

products-4K to 92K usable 

gates-andJEDEC metric pack­

ages, including QFP and PGA. 

Our automatic test vector 

generation (ATVG) capability 

using scan macros allows you to 

achieve greater than 95% fault 

coverage. And it's easy to design 

with OkiASICs. We support 

many popular industry-standard 

platforms and offer industry­
standard in-house tools such as 

Verilog® and Explorer Rene.™ 

Start easing your ASIC anxi­

eties today. Call 1-800-654-6994 

and schedule a consultation. 
We'll analyze your ASIC needs 

and provide the complete de­

sign support you need for to­

day's high-density systems- and 

for those even higher perform­
ance systems you've thought 

about, but couldn't design. Now 

you can-with Oki. 

Transforming technology into customer solutions 
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Shrink for So Long 

0.8µm Oki ASIC Product Family 

Esti-
mated No. 
Usable of Package Types 
Core 1/0 

Family' Gates• Pads PLCC QFP PGA 

MSM10S01XX 4K 100 68,84 60to 100 88to 108 

MSM10S03XX 12K 160 68,84 80to144 88to 132 

MSM10S05XX 22K 208 120 to 208 108 to 208 

MSM10S09XX 36K 272 144 to 272· 108 to 256 

MSM1 0S11XX 47K 304 144 to 304· 132 to 301 

MSM1 0S18XX 72K 384 144 to 304· 208 to 340 

MSM10S23XX 92K 424 144 to 304• 240 to 340 

•Other products are under development 
'Up to 100% utilization increase with 3-layer metal , memory, and other 
regular blocks 
• JEDEC metric packages 

EDN September 3, 1990 CIRCLE NO. 93 

OKI 
Semiconductor 
785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
Telephone 1-800-654-6994 
Verilog is a registered trademark of Cadence Design Systems, Inc. 
Explorer Rene is a tratlemark of Mentor Graphics Corporation. 
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MEGA MEMORY: 
SONY HIGH-DENSITY SRAMS 

DATA 
MODEL CONFIG. SPEED (ns) PACKAGING RETENTION 

CXK581000P* 128K x 8 100/120 DIP 600 mil L, LL 
CXK581000M* 128K x 8 100/120 SOP 525 mil L, LL 
CXK581100TM* 128K x 8 100/120 TSOP L, LL 
CXK581100YM* 128K x 8 100/120 TSOP (reverse) L, LL 

CXK581001P 128K x 8 70/ 85 DIP 600 mil L 
CXK581001M 128K x 8 70/ 85 SOP 525 mil L 

CXK581020SP 128K x 8 35/45/ 55 SDIP 400 mil 
CXK581020J 128K x 8 35/45/ 55 SOJ 400 mil 
*Extended temperature range available. L = Low power. 

LL = Low, low power. 

MEGA COMMITMENT. 

As you can see, Sony's more 
committed than ever to meeting your 

high-density SRAM needs. 
Just consider the enhancements we've 

made in a few short months: TSOP and 
TS OP-reverse packaging. Low data retention 

current. And extended temperature range. 
All based on our unique 0.8-micron 

CMOS technology, and available in 32-pin 
DIP and surface-mount plastic packages. 

So you can really count on us in a crunch. 
Need more proof we're serious about your each 

and every SRAM need? 
Call us. We've got more breakthroughs on the way. 

Well over 100 SRAM products spanning the perfor­
mance spectrum. And the desire to meet- or exceed 
-your toughest performance spec. 

Then consider our ever-increasing production 
capabilities. We've just added yet another SRAM 
facility in Japan. And acquired a large AMD facility 
in San Antonio, Tuxas. 

Sony high-density SRA.MS are shipping now, com­
plete with competitive pricing. So call (714) 229-4190 
today. Or write Sony Corporation Of America, 
Component Products Company, 10833 Valley View 
St. , Cypress , CA 90630, 
Attention: Semiconductor s ON" 
sales. FAX (714) 229-4285. X ® 
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EDITORIAL 

Show a little humility 

Jesse H Neal 
Editorial Achievement A wards 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 
American Society of 
Business Press Editors A ward 
1988, 1983, 1981 
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During the early '50s and '60s, Long Island, NY saw tremendous 
growth. Companies such as Grumman, Republic, and Hazeltine 
were growing rapidly and employees needed places to live. The 
potato and cabbage fields on the north shore of Long Island 
sprouted developments of tract housing. My father, a real-estate 
attorney, told us that many of the newcomers lacked humility. 
He saw beautiful new homes that displayed an elegant lamp, table, 
and curtains in the front window, but otherwise the houses were 
almost bare of furniture. The owners were too proud to start with 
a smaller investment and work their way up at a reasonable pace. 
Their homes were hollow displays of pride and cockiness-often 
to be lost in bankruptcy court. 

Somewhat the same problem pervades today's computer-aided­
design and -engineering industry. A look at the lavish displays, 
hospitality suites, and other accoutrements on display at the 1990 
Design Automation Conference (DAC) would have convinced you 
that there is a problem. I have seen much the same behavior in 
the computer industry, and it is disappointing to see the CAE and 
CAD companies repeat the process. Perhaps it is something that 
all new industries must go through. 

Still, it is hard to reconcile the CAE and CAD companies' trap­
pings of power and wealth with reality. Few of the companies 
involved in the industry are making such fabulous profits to war­
rant large expenditures on demonstration suites, limousines to and 
from meetings, and large, expensive booths. Customers I spoke 
with wondered how the companies could afford such expenses when 
they weren't yet shipping the products they promised many months 
ago. The customers also wondered why the money spent at DAC 
wasn't being spent on developing the promised products instead 
of on making a splash at a relatively small show. 

In all industries there must be a balance between spending 
money on product development and spending it on product public­
ity. However, if the display at DAC represents the industry's 
apportionment of resources, many CAE companies must be making 
measurements on unbalanced scales. If more stockholders attended 
DAC, the situation might change. After all, stockholders want a 
return on their investment, not constant spending on glamour and 
hype as product-shipment schedules continue to slip. If the elec­
tronic CAE and CAD industry hopes to reach maturity, it must 
start by showing some humility. 

~ ~ JonTitw 
Editor 
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FLUK E AND PHILIPS - THE GLOBAL 

FLUKE 

Our free PC test system catalog has 17 bits, 0.5 ps, 
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ALLIANCE I N T E S T & M E A S U R E M E N T 

PHILIPS 

+27 dBm, 2.3 GHz, 500 MSh and 2 staples. 

Find everything you need to know about 
our PC test system instruments and soft­
ware in one concise catalog. Such as 
digital multi meters, signal sources and 
digital storage oscilloscopes. Plus counters, 
switches, test software, and data acquisi­
tion hardware. The catalog even describes 

EDN September 3, 1990 

the free workshops and technical support 
that bring it all together. 

It's yours when you call 1-800-44-FLUKE. 
Ask for extension 701. You'll see we have 
every detail covered. 

Right down to the staples. 

CIRCLE NO. 96 

John Fluke Mfg., Co. Inc., P.O. Box 9090, MIS250C, Everett, WA 98206· 
9090. U.S. (206) 356·5400. Canada (416) 690-7600. Other countries: 
(206) 356·5500. © 1990. All rights reserved. Ad. no. 0101·PC. 

PERSONAL ANSWERS. 
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r to 3GHz from$114s 
lowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40d8 stopband rejection 
• 5-section, 30d8/octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 

CD 
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BANDPASS 

freQ.JerlCv 

NARROWBAND IF 

FREQUENCY 

low pass de to 1200MHz 
PASSBAND, MHz !co, MHz 

(loss<ldB) (loss3db) 
MODEL 

NO. Min. Nom. 

PLP-10.7 DC-11 14 
PLP-21 .4 DC-22 24.5 
PLP-30 DC-32 35 
PLP-50 DC-48 55 
PLP-70 DC-60 67 
PLP-100 DC-98 108 
PLP-150 DC-140 155 
PLP-200 DC-190 210 
PLP-250 DC-225 250 
PLP-300 DC-270 297 
PLP-450 DC-400 440 
PLP-550 DC-520 570 
PLP-800 DC-580 640 
PLP-750 DC-700 770 
PLP-800 DC-720 800 
PLP-850 DC-780 850 
PLP-1000 DC-900 990 
PLP-1200 DC-1000 1200 

high pass de to 2500MHz 
PASSBAND, MHz !co, MHz 

(loss<ldB) (loss3db) 
MODEL 

NO. Min. Min. Norn. 

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

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

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

NO. FO Fl F2 

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

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. l.L. 1.5dB max. 
MODEL MHz 

NO. FO F1-F2 

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

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

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

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

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

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

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

band band 
Min. Min. typ. typ. 

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

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

STOP BAND, MHz VSWR 
(loss > 10 dB) (loss> 20 dB) 1.3:1 typ. 
Min. Max. Min. Max. total band 
F3 F4 F5 F6 MHz 

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

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

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

VSWR 
F5 F6 F7 F8-F9 Max. 

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

PRICE 
$ 

Qty. 
(1-9) 

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

PRICE 
$ 

Qty. 
(1-9) 

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

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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Sensym's 1421163 Serles 

Features Include: 
• Guaranteed precision over 

temperature: ± 1% Max 
( -18°C to +63°C)! 

• High level calibrated output: 
1.0V ±SOmVoffset 
5.0V ±50mV span 

•Linearity: <0.75% FSO Max 

These J?recision transducers 
are r.ncea starting at $40 ea I 
100 s. Stock dellvery. 

FOR: 
MEDICAL 

INDUSTRIAL 
HVAC 

Available parts: 

163SC01048 ... - 20 to 
+120cmH20 

142SC series .. Oto lpsi up to 
0to150psi 

SOLID STATE SENSORS 

CIRCLE NO. 97 

Free Handbook 

Sensym's new 1990 
Sensor Handbook 
gives complete 
product 
specifications 

plus over 200 
pages of application 

notes and ideas. 

Call or fax us today for your 
free Sensor Handbook. 

• Sunnyvale, CA 94089 • Tel: (408) 744-1500 • 



Vote for Innovation 
We're very pleased with the lineup of finalists that 
ED N's editors chose in our Innovations of the Year and 
Innovator of the Year competition. Now it's up to you 
to vote. On the following pages you'll find brief descrip­
tions of the products and the people that our editors 
chose as finalists. Carefully consider these finalists, and 
make your vote on the postage-paid ballot that appears 
at the end of this article. You can have one vote in each 
product category and one vote for one of the three inno­
vators. In the power-supply category, our judges found 
only one product innovative enough to qualify; we pre­
sent it here with the fi­
nalists to give it the rec­
ognition it deserves. 

After the votes are 
counted, EDN will an­
nounce the winners and 
honor them at an awards 
banquet during Wescon/ 
90 in Anaheim, CA, this 
November. We'll also 
print a special section in 
our January issues that 
will include descriptions 
of the winning products 
and people. 

We appreciate the 
enormous amount of 
time and effort that it 
took to nominate the in­
novative people and 
products for these 
awards. Trying to single 
out the finalists from 
your nominations was a 
formidable task. But from 
the caliber of people and 
products you nominated, 
it's clear that there's no 
lack of creative and tal­
ented people and inno­
vative products in the electronics industry. 

If you or your company didn't participate in this year's 
innovation-awards program, we encourage you to take 
part next year. It's not too early to start thinking about 
products and people you could nominate. We will be 
pleased to mail you 1991 nomination packets as soon as 
they are ready in early 1991. Just Circle No. 801 on the 
Information Retrieval Service (bingo) card in this issue, 
and we'll add you to our award mailing list. 
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Dr Klas Eklund 

D r Klas Eklund has developed an 
unusual technique to implement 

a power MOSFET 
using a standard 
CMOS-logic semicon­
ductor-manufacturing 
process. This new 
technology allows de­
signers to add power 
MOSFETs to the 
same chip with other 
analog and digital 
functions without any 
penalty in die size. 
Therefore, the power­
circuit technology fur­
ther enhances the 
miniaturization and 
cost benefits achieved 
by mixed-signal (ana­
log/digital) semicus­
tom-IC technology. 

Last spring the company Eklund 
founded, Power Integrations, intro­
duced the first significant product that 

Tushar Gheewala 

W hile working for IBM and 
Sperry Corp during the 1980s, 

Tushar Gheewala ex­
perienced the explo­
sion in VLSI technol­
ogy firsthand. Semi­
conductor test tech­
nologies, however, 
didn't keep pace with 
the dramatic increases 
in ASIC gate densi­
ties. "I was frus­
trated as a designer,'' 
he says, "because we 
had the ability to 
manufacture very ag­
gressive devices, but 
we couldn't test them." 
When Sperry merged 

with Unisys Corp, Gheewala left and 
founded Crosscheck Technology Inc to 
develop and market the advanced IC 
test technology he envisioned. 

uses his patented technology-the 
PWR SMP-3. This IC includes a fully 
integrated preregulator, band gap ref­
erence, error amplifier, digital PWM 
circuit, a variety of protection circuits, 
and a 400V power MOSFET on a single 
die. The PWR SMP-3 features break­
down voltages of 400V or higher. Stan­
dard 5V CMOS logic signals can turn 
the power MOSFET on and off, and 
low internal capacitance yields fast 
switching speeds. 

Most other "smart-power-IC" com­
panies have attempted to add logic and 
analog circuits to ICs that use the 
power-MOSFET semiconductor proc­
ess. Eklund's idea of implementing cir­
cuits in standard CMOS results in sav­
ings in die size and makes the technol­
ogy available to designers familiar with 
standard CMOS. 

To vote for this entrant as Innovator 
of the Year, mark the appro'[J'ri,ate box 
on the ballet. 

Gheewala's method begins by em­
bedding test points at the outputs of 
an ASIC's internal gates. This place­
ment gives an IC tester JOO% access 
to a device's critical nodes. It provides 
total observability and substantially 
reduces the burden of generating test 
vectors. Semiconductor vendors can 
then use software to generate test vec­
tors. Because ASIC vendors can install 
the required test structures automati­
cally, design engineers are free to focus 
on the device's functional capabilities 
exclusively and leave testability con­
siderations to others. Best of all, Ghee­
wala's testing technique exacts no 
speed penalty. 

To vote for this entrant as the Inno­
vator of the Year, mark the appro'[J'ri,ate 
box on the ballot. 
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Analog Fastrack Design Team 

T he Harris Semiconductor Analog 
Fastrack design team developed 

a CAE software tool set used in all 
phases of ASIC design-schematic 
capture, circuit simulation, layout, de­
sign-rule checking, and layout parasitic 
extraction. The project involved 16 
major contributors from four disci­
plines. Two of these people are re­
searchers-college professors who con­
sulted with the rest of the team. Their 
pioneering work provided the seeds of 
the product concept. Two team mem­
bers are managers at Harris; four spe­
cialize in analog-IC design; and eight 
are specialists in CAE development. 
Two of the CAE development special­
ists are Harris alumni who now work 
for Cadence, the company under whose 
CAD framework the tool set runs. 

The analog-IC designers on the team 
specified the simulation methodology. 
Their spec offered direction to two 
groups of people at Harris: CAE devel­
opers and process/device engineers. 
The characterization methodology and 

NS32FX16 µP 

T he NS32FX16 µP-a member of 
the manufacturer's 32-bit Series 

32000 processor family-incorporates a 
digital-signal-processing (DSP) module 
that performs math operations on vec­
tors of complex numbers. The device 
integrates both DSP functions and 
graphics-information-processing opera­
tions in a single µP chip. This combina­
tion of functions suits the chip for use 
in modems, facsimile machines, laser 
printers, graphics terminals, and tele­
phones. 

Because software controls all of the 
device's operations, a manufacturer 
can adopt one architecture and adapt 
it to many office-automation and tele­
communications tasks. Designers can 
also use the chip to implement soft­
ware equivalents of tone-generator 
and filter circuits into telecommunica­
tions equipment. The DSP section 
shares memory with the core µP func­
tions, so it can quickly exchange filter 

EDN September 3, 1990 

the links to the circuit simulator are 
key contributions of these members. 

The CAE developers performed 
many tasks, including integration of 
the tool set with the framework. One 
of the major tasks was development 
of a statistical and geometry-depend­
ent modeling technology. Another was 
development of a tool for automatically 
synthesizing the hierarchical macro­
models used by the simulator. This 
tool, which behaviorally models com­
mon functions such as op amps, allows 
rapid "what-if' analyses. An IC de­
signer can change a parameter and re­
run the simulation or can ask the simu­
lator to sweep parameters over a range 
of values. 

The Analog Fastrack design team: T. Coston; 
N. English; A. Sangiovanni-Vincentelli; A. 
Strojwas; C. Garcia; P. Landy; R. Webb; R. Coo­
per; M. Chian; K. Eshbaugh; S. Majors; G. Por­
ter; S. Rader; R. Singleton; P. Hernandez; J. 
Spoto. 

To vote for this entrant as Innovator 
of the Year, mark the appropriate box 
on the ballot. 

coefficients and other information with 
the main processor. Besides handling 
DSP tasks, the chip also supplies 18 
graphics instruc­
tions that let it 
address frame 
buffers and 
move blocks of 
data. Individual 
program steps 
can also com­
press, expand, 
and magnify im­
age data. Avail­
able now, the 
NS32FX16V in 
a plastic chip 
carrier costs 
$33. 78 (100). 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appropriate box on the ballot. 
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TMS320C50 DSP µP 

T he TMS320C50 digital-signal­
processing (DSP) µP has a 4-line 

Joint Test Action Group (JTAG) serial 
interface that lets you test internal 
chip operations. The JTAG interface 

gives you access to 
all of the device's 
internal bits and 
registers, thus you 
can use the chip to 
emulate itself. The 
JTAG port lets you 
control single-step, 
trace, and break­
point operations 
through a dedi­
cated on-chip reg­
ister without in­
truding upon or al­
tering the chip's 

internal operations. You can set break­
points in both hardware and software. 
The manufacturer supports develop­
ment tools that operate through the 
chip's JTAG port. These tools include 

a high-level-language debugger and an 
IBM PC-compatible add-in board that 
incorporates the JTAG control cir­
cuitry. 

The DSP chip contains a fixed-point 
CPU that executes instructions as fast 
as 35 nsec. To allow for fast context 
switches, the chip's architecture in­
cludes a backup storage register for 
each of 11 internal registers. An inter­
nal stack lets the CPU hold eight levels 
of subroutines. The device also sup­
plies a parallel logic unit that lets soft­
ware set, clear, test, or toggle multiple 
bits in registers or memory locations. 
On-chip memory includes 9k words of 
program RAM, lk word of data RAM, 
and a 2k-word boot-up ROM. The chip 
comes in a quad flatpack and is avail­
able from stock. In OEM quantities, 
the TMS320C50 costs $75 to $150. 

To vow for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appro'[ffiate box on the ballot. 

PWR SMP-3 Switching-Power-Supply IC 

T he PWR SMP-3 switching-power­
supply IC combines an off-line 

preregulator, a 1-MHz PWM control 
circuit, and a 400V power MOSFET 
switch in a single monolithic device. 
The novel combination of these analog, 

digital, and pow­
er functions lets 
you build a small 
3W power sup­
ply with only a 
handful of ac­
companying pas­
sive compo­
nents. Because 
the IC's switch­
ing speed is 
much higher 
than that of 
other supplies, 

the accompanying electronics can be 
small in size. The device has built-in 
overvoltage, undervoltage, thermal­
shutdown, and current-limiting protec-

tion. The preregulator connects di­
rectly to the rectified HOV ac line and 
supplies initial power to the chip. The 
PWM circuit determines the duty cycle 
that the device should apply to its 400V 
power MOSFET switch to maintain a 
consistent output voltage . . 

You can use the device to produce 
power supplies in a variety of circuit 
topologies, but it especially suits 
flyback power-supply topologies. The 
device's small size and small accompa­
nying parts count make it suitable for 
bias or housekeeping supplies for 
larger power supplies, consumer prod­
ucts, and medical instruments. The 
piece price of the 16-pin plastic DIP 
varies from $3 to $6, depending on 
volume. 

To vow for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appro'[ffiate box on the ballot. 
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Etnbedded RISC 
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Get the Facts 
When evaluating RISC processors 

for embedded applications, you 
need real benchmark data from 
independent sources. The R3001 
Performance Comparison Report is a 
collection of the original third-party 
data used in the graph below. 
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Benchmark Your Code 
Of course, we know that pub­

lished data can't give you all the in­
formation. You'd prefer to perform 
benchmarks for your specific appli­
cation, and our six technology cen­
ters are equipped to do just that -
bring us your code and we'll run 
your benchmarks! 

You Can Count On Us 
IDT offers a full array of comple­

mentary high-performance system 
building blocks for all your applica­
tions. Contact us today and get the 
facts: an R3001 Data Pak and R3001 
Performance Comparison Report. 

IDT Corporate Marketing 
P.O. Box 58015 
3236 Scott Blvd. 
Santa Clara, CA 95052-8015 

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

When cost-effective 
performance counts 

0 
BUBBLE BEZIER CONTEXT READ/ HAND COMPILED 

SORT SWITCH WRITE "'-CO=D=ED~-~ 

TO/FROM MILITARY ADA 

PERFORMANCE CRITERIA QUEUE BENCHMARK 

Sources: Electronic Engineering Magazine. High·Perlormance Systems Magazine. Microprocessor Forum Conference Fall 1989, 
Independent Assessment Benchmark Reporl Atlantic Research Corporation 

RISCon lroller IS a tradema rk of ln tegra led Device Technology 
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Integrated 
Device Technology 
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4000-Series Self-Electro-optic-Effect Devices 

T he 4000-Series Self-Electro-optic­
Effect Devices (SEEDs) are a 

new generation of commercial devices 
containing arrays of optically bistable 
elements. All physical connections to 
the arrays-information input, output, 

and control-are optical. Each element 
in the array contains a pair of photodi­
odes. Each diode has a window that 
serves as the input and output "pin" 
of the device. The arrays can function 
as memory cells, differential logic 
gates, or switching latches; a low-in-

K Series Microcomputers 

T he interrupt-control unit of the K 
Series of 8- and 16-bit microcom­

puters has a dedicated hardware sec­
tion called the pe­
ripheral manage­
ment unit (PMU). 
While off-loading 
interrupt servic­
ing from the CPU, 
the PMU can ma­
nipulate data that 
would otherwise 
be the responsibil­
ity of the CPU. 
These data ma­
nipulations can be 
control oriented or 
computational. The 
PMU performs the 

manipulations via registers that are 
mapped to each of the peripherals. The 
PMU can also handle housekeeping func-

tensity beam can hold the state of the 
array indefinitely. You can also cas­
cade the devices and use one to control 
another. 

In addition to their ability to func­
tion as a variety of electronic elements, 
an innovative feature of the arrays is 
their free-space optics addressing, con­
trol, and I/O scheme. Optical beams 
directed on the top of the arrays per­
form all the addressing and control of 
each element within the array. Thus, 
the arrays are not limited by input and 
output pins. The absence of this I/O 
limitation makes the devices useful in 
parallel-processing, as well as pho­
tonic-switching and optical-computing 
applications. The arrays require a sin­
gle de bias, typically 5 to 15V. The 
8 x 16- and 32 x 64-element devices are 
available in 24-pin open-can packages 
and 28-pin flatpacks. The arrays cost 
$17,550 to $19,950. 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
aP'Pr"oJYriate box on the ballot. 

tions, such as incrementing pointers. 
Because the manipulations do not 

depend on the CPU, the PMU side­
steps much of the overhead of vectored 
interrupt processing. During vectored 
interrupt processing, the CPU must 
Stop, Push its present status onto the 
stack, Branch to an interrupt service 
routine, perform the routine, Pop the 
previous status from the stack, and 
continue processing. If you use the 
PMU, you only need to specify the to­
tal number of data transfers, which pe­
ripherals are involved in the transfer, 
and the mode of transfer. K Series mi­
crocomputers cost $5 to $10. 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
aP'Pr"oJYriate box on the ballot. 
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CY7 C361 Erasable PLO 

O ptimized for state-machine appli­
cations at clock rates as fast as 

125 MHz, the CY7C361 CMOS eras­
able PLD features an architecture in 

"" """' 

which the state registers are between 
the input condition array and the out­
put translation array. This placement 

moves the registers close to the inputs, 
minimizes the length of the feedback 
path, and thus reduces the feedback 
delay from the register output relative 
to the clock-to-output delay. The PLD 
also features an output skew of only 3 
nsec and an input-register metastabil­
ity MTBF of 10 years. 

The device interconnects its 32 
state-machine macrocells in a shift-reg­
ister arrangement that can use token­
passing logic to directly exchange in­
formation between registers. This ar­
rangement lets the device represent 
multiple concurrent states. You can 
configure the device's input macrocells 
for 0, 1, or 2 registers. Available now, 
the CY7C361 costs $27.10 (100). 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appropriate box on the ballot. 

Codetap 386 Run-Time Debugging Tool 

T he Codetap 386 is a run-time de­
bugging tool for software engi­

neers who are developing embedded 

386 applications. The instrument com­
bines some of the functions of a ROM­
based software debugger and an in-cir­
cuit emulator. Unlike a ROM-based 
software debugger, the instrument al-

lows the program under test to run in 
real time and does not usurp any tar­
get-system memory. Its cost, how­
ever, is less than one-quarter of that 
of a full-fledged in-circuit emulator. 
The tool lacks the complex breakpoints 
and trace memory of an in-circuit emu­
lator. 

Codetap comes with a linker and a 
source-level software debugger. Its 
probe, containing a modified 386 µP 
and registers, replaces the 386 in your 
target system. The tool's control soft­
ware, running on an IBM PC, has ac­
cess to both your target system's hard­
ware and the structure of your pro­
gram. Consequently, the tool can set 
simple breakpoints and give you 
source-level access to structures, ar­
rays, and variables-including dy­
namic variables. The Codetap 386 
starts at $5000. 

To vote for this entry as Test and 
Measurement Product of the Year, 
mark the appropriate box on the ballot. 
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Crosscheck Test Technology 

Crosscheck renders ASICs and 
other VLSI devices testable by 

embedding a test structure into the de-
vices' silicon sub­
strate. The tech­
nique adds test 
points to the IC 
and allows you to 
access the test 
points over a se­
rial bus. ASIC 
designers do not 
have to concern 
themselves with 
designing in the 
test structure; de­
vice fabricators 
can add it auto­

matically. The product also includes 
control and diagnostic software. 

The resulting silicon structure com­
pares to a conventional bed-of-nails 

test fixture for pc boards. With one 
test point per gate, an IC becomes in­
herently testable because of its 100% 
observability. The test points are actu­
ally small FETs. The embedded test 
points measure logic levels at every 
gate and collect the data in an internal 
serial register. You can either com­
press those data into a signature for 
go/no-go testing or read them out di­
rectly to see precisely the output of 
any gate at any time. 

Prices for Crosscheck devices will be 
set by ASIC vendors; users are ex­
pected to pay a 25 to 40% premium for 
an ASIC that includes Crosscheck. 

To vote for this entry as Test and 
Measurement Innovative Product of 
the Year, mark the appro'[Yri,ate box on 
the ballot. 

DSA 602 Digitizing Signal Analyzer 

T he DSA 602 digitizing signal ana­
lyzer has two functions. It cap­

tures and displays high-speed signals 

at real-time sample rates as high as 2 
gigasamples per second with 8-bit reso­
lution, and it uses its dedicated digital­
signal processor to analyze the ac­
quired data in real time. It combines 
features of spectrum analyzers, net-

work analyzers, logic analyzers, and 
digital storage oscilloscopes. The in­
strument's front end has four custom 
hybrids for acquisition. Each hybrid 
contains a track-and-hold circuit and 
an 8-bit, 500-megasamples-per-second 
flash AID converter. 

A proprietary digital-signal proces­
sor analyzes the captured data and for­
mats them for screen display. Conse­
quently, you can simultaneously view 
both the time-domain and frequency­
domain waveforms---with each wave­
form appearing live. The instrument 
also features Boolean-event triggering 
and conventional analog triggering. 
The DSA 602 costs $35,000. 

To vote for this entry as Test and 
Measurement Innovative Product of 
the Year, mark the appro'[Yri,ate box on 
the ballot. 
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The way 
we build 

workstations, 
youClthink 

we had 
to use them 
ourselves. 

Wedo. 

There's nothing like some real world proof to establish the 
viability of a product. 

Which is why you might find it comforting to know that 
the Sony NEWS® line of workstations are being used by real 
designers. On real chip, board, and product development 
projects. For one of the world's most successful electronics 
manufacturers: Sony. 

In fact, Sony engineers are using NEWS workstations to 
design everything from SRAMs and other chips to advanced video 
and audio controllers for the professional broadcast markets. 

All of which uniquely positions us to understand your engi­
neering and product development needs. Because here is a 
case where the supplier is acutely aware of the consumer's 
needs. And has to meet those needs. On a daily basis. 

The result is our very affordable NEWS 3710 desktop 
workstations-the latest additions to our current workstation 
line. Fast, powerful, and expandable, these R3000!based 
systems offer extensive memory plus high capacity, cost­
effective storage options-including Sony's unique magneto 
optical drives and DAT tapes. Of course, you can choose the 
black-and-white, grayscale, or high-resolution Trinitron® color 
monitor that best fits your application. 

We even have most of the popular EDA software packages­
including applications from vendors such as Cadence, Valid 
Logic, Data 110, Synopsys, Racal-Redac, Silvaco and an ever­
expanding roster of others~ 

To find out more about why Sony's solutions should be 
your solutions, give us a call at 1-800-624-8999, ext. #96. 

Then just sit back and watch the NEWS. 

Sony Microsystems Company 

Sony M1Crosyslems Company, 651 River Oaks Parkway, San Jose, CA 95134 (408) 434-6644 FAX: (408) 954-0849 • Sony of Canada, Ltd, Ontario, Phone (416) 499-1414 FAX: (416) 497-1774 • Sony Microsystems Europe, Koln, 
Phone (0221) 59 30 42 FAX (0221) 59 35 42 • Sony (Aust1aha) Ply., Ud., N.5.W., Phone: (02) 887-6666 FAX: {02) 887A351 • lnterna!lonal Sales D1v1s10n, Tokyo, Phone: (03) 448-4041 FAX: (03) 448-4043 • Sony, NEWS, and Tr1ni1ron 
are regts!ered trademarks ol Sony COfporat10n. A3000 is a registered trademark of MIPS Computers, Inc.© 1990 Sony Corporallon of America. Des.gn and spec1hcatoos sub,ect to change w11h0u1 nooce ·some of the software 
mentioned herein may nOI be available tor all NEWS models or tor worldwide d1stnbu!1on. Cal! your Sony representative 10 check for ava1lab1h!y. 
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Analog Fastrack Design System 

T he Analog Fastrack design system 
contains CAE tools that cover the 

spectrum of IC design. Tools within 
the system perform schematic capture; 
circuit simulation; layout; design, elec­
trical, and consistency checking; layout 
parasitic extraction; and packaging. 

Within the Analog Fastrack, a statis­
tical and analysis modeling (SAM) tool 
uses a correlated model parameter da­
tabase. The database uses a knowledge 
of how process variations simultane-

TMSJ4010 Simuboard 

T o reach simulation nirvana--eom­
plete system-level simulation­

you need to model every element of 

your system. Subsystem-level simula­
t ion remains stalled for lack of enough 
accurate device-level simulation mod­
els. The TMS34010 Simuboard is a soft­
ware model of a PC add-in graphics 
board that can also serve as an on-line 
application note. 

ously affect several device parameters 
to prevent the simulation from choos­
ing more worst-case values than can 
occur in a real process at one time. 

The ASIC vendor provides means, 
variances, and correlation coefficients 
for the model parameters. Next, a cor­
related Gaussian-random-number gen­
erator allows the software to calculate 
model parameters for successive 
passes through a Monte Carlo simula­
tion loop. The SAM converts the de­
vice model parameters to a Gaussian­
distribution format for internal proc­
essing. In the Monte Carlo simulation, 
Gaussian distribution assures that the 
simulated process parameters are dis­
tributed about their mean values in the 
same way the parameters of a real 
process would be. The statistical distri­
bution of the circuit responses provides 
a more realistic metric of the manufac­
turing yield than you can expect from 
the circuit. The Analog Fastrack soft­
ware costs $140,000. 

To vote for this entry as the GAE/ 
CAD Innovative Product of the Year, 
mark the appropriate box on the ballot. 

The Simuboard includes schematics, 
parts models, a design database, stim­
uli, support software, a compiler, and 
tutorials. The model allows users to 
interactively learn about the board's 
devices, CAE tools, and modeling in 
general. 

Using workstation-based CAE tools 
(currently only those from Mentor 
Graphics), you can design, verify, and 
tweak a circuit using existing software 
models. Other features of the Simuboard 
include the creation of JEDEC PAL 
files, image files to initialize memories, 
processor-control-language programs 
that support the models, and test stim­
uli that support your simulation exam­
ples. The 34010-based board-model 
package costs $1490. 

To vote for this entry as the GAE/ 
CAD Innovative Product of the Year, 
mark the appropriate box on the ballot. 
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BRING US YOUR ARBS AND 
WE'LL MAKE 'EM SING. 

The problem 
with ARBs, 
solved. 

If you own an ARB, 
or have demo'd one, you 
know the problem: great 
hardware, impossible 
software. 

And it doesn ' t mat­
ter whose ARB it is. 

Creating and editing 
waveforms is tedious 
and frustrating, and 
the resulting product is 
never exactly what 
you want. Plus, 
the software is too 
expensive. 

what you want. No 
long data entry or 
impossible ASCII 
fi le edits. Most 
importantly, you did 
not have to invest 
long, frustrating, 
irritating and non­
productive hours. 

Instead, R4 is 
as straightforward as 
a video game. As 
quickly as a wave­
form comes to mind, 
you can create it on 
the screen. 

That's no longer true. 
Introducing the R4 

Arbitrary Waveform 
Generation/Editing 
software, at only $995. 

With R4 you 
can create any 
waveform you 
can imagine. 

With R4 , any waveform you can imagine can be created, edited and dis­

played on the PC, and then instantly downloaded to your ARB. You can 

sketch with a mouse, enter any equation, or capture real world waveforms. 

Five, 32k waveforms, with up to 20 bits of resolution, can be displayed at 

once. You can create and edit complex, sophisticated waveforms with no 

programming, no data entry, and no frustrating front panel buttons. 

And we 
guarantee 
support for 
your ARB. 

We make you this 
promise: when you 
purchase R4, you are 
guaranteed a driver. 

For many users, 
the R4 driver library 
will include your 
ARB across GPIB. Let 's say you've just started with R4. 

In 10-15 minutes you'll be creating 
waveforms. It's that easy. Everything is 
intuitive and obvious. 

You might begin by sketching a 
waveform (everything is mouse driven 
and instantaneous). Or use one of the 
line drawing modes. Or enter any 
equation into the equation editor for an 
instant waveform. Or capture real world 
waveforms from a DSO. 

Then you might want to edit. Maybe 
add, subtract, multiply, divide or con­
volve your created waveforms (up to 
five, 32K long waveforms on the screen 
at once). Maybe zoom into the wave-

RAPID SYSTEMS 

form, down to the individual data point 
(to 20 bits of resolution), and manipu­
late: duplicate sections, invert, limit 
(clip), smooth with a moving average, 
compress or expand in either dimen­
sion. That 's a small start on what is 
possible with R4. 

So far you've invested maybe 
15 minutes. And you're downloading 
complex, sophisticated waveforms. 

Try and do that with any other 
software. 

Now, let 's add up what you did not 
have to do. No programming. No 
front panel pushbuttons or silly rubber­
banding that never really gives you 

Rapid Systems, Inc. 433 N. 34th Street, Seattle, WA 98103 
(206) 547-8311, Telex 265017 UR, FAX 206-548-0322 
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But if it doesn 't, we will deliver a driver 
for your ARB within 20 working days 
of receipt of your order. 

Call for an R4 demo disk 
today: (206) 547-8311 

Isn't it time you discovered the 
reason to own an ARB? 

We ' ll send you a free demo disk 
that does everything promised in this 
ad, and a whole lot more. We'll show 
you what's truly possible with an ARB . 
Just give us a call and say you want 
your ARB to sing. 
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Macintosh Display Card 824 GC 

T he Macintosh Display Card 824 
GC graphics coprocessor and dis­

play card occupies one Nubus expan­
sion slot in a Macintosh II computer. 
The card uses a 30-MHz Am29000 
RISC µP to run an optimized version 
of the company's Quickdraw software. 
The RISC CPU and the host's 600XO 

µP work together to accelerate Quick­
draw programs from 5 to 30 times nor­
mal speed, depending on the applica­
tion. The host CPU dispatches a Quick­
draw call over the N ubus to the card 
and resumes other activities while the 
Am29000 processes the command. In 

HP 48SX Scientific Calculator 

T he HP 48SX scientific calculator 
has functions not found on any 

other scientific calculator. You access 
the calculator's 2100 functions with 

menus and soft keys. 
You draw and edit 
your equations in 
standard mathemati­
cal form on the 8-
li ne x 26-charac ter 
graphics LCD. You 
can enter equations 
in algebraic or re­
verse-Polish notation. 
Once you are satis­
fied with the equa­
tion, press the enter 
button to translate 
the equation into the 
calculator's format 
and push it onto the 

stack. You can attach units to any vari­
able, and the calculator will perform 
conversions and flag illegal operations. 
The calculator can automatically sim-

most instances, the RISC CPU finishes 
a task before receiving another call 
from the host. In rare instances when 
the host issues a call while the card is 
busy, the card issues a wait signal to 
the host. 

The card can drive all of the com­
pany's monitors and has auto config­
uration circuitry to determine which 
monitor is present. Representative 
monitors include 256-level gray-scale 
models and 24-bit color models, such 
as the Applecolor high-resolution RGB 
monitor, which can simultaneously dis­
play 16. 7-million colors. The card also 
has an RS-170-compatible output signal 
for driving interlaced-video devices, such 
as VCRs and televisions. The inter­
laced-video output uses Apple Convolu­
tion software to evaluate adjacent lines 
and pixels and then adjust the image 
on the screen to provide smooth con­
tinuous images. The card costs $1990. 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appro'[Yriate 
box on the ballot. 

plify, differentiate, and integrate many 
functions. It can also graph functions 
in many formats. 

The calculator has a conventional 1-
piece case and two slots for ROM and 
RAM expansion cards. You can couple 
the calculator to an IBM or Apple 
Macintosh personal computer using a 
serial RS-232C adapter to transform 
the calculator into a math package. 
Bidirectional infrared ports let two cal­
culators separated by a few inches 
communicate with each other. The 
$350 unit uses three AAA batteries. 
The serial adapter costs $99.95, the 
math-pack ROM card costs $99.95, the 
32k-byte battery-backed RAM card 
costs $79.95, 128k-byte RAM card 
costs $250, and the infrared coupled 
printer costs $135. 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appro'[Yriate 
box on the ballot. 
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Systempro EISA Bus Computer 

T he Systempro is one of the first 
EISA bus computers that utilizes 

the bus's ability to support more than 
one bus master. Each model has a 33-
MHz 80386 E ISA bus processor board 
that has a cache memory controller, 
64k bytes of cache memory, and a 33-

MHz 80387 or 
Weitek 3167 copro­
cessor. By adding 
a second processor 
board, you can in­
crease system per­
formance from 8 to 
16 MIPS. The sys­
tem will be able to 
support processor 
boards with 33-
MHz 80486 µPs 

that deliver 20 MIPS when they be­
come available. 

Standard models have 4M bytes of 
32-bit system memory, which you can 
expand to 256M bytes; a 5114-in. l.2M­
byte floppy-disk drive; a 32-bit intelli­
gent drive-array controller; eight full-

STD 32 Bus Specification 

T he STD 32 Bus specification is the 
electrical, mechanical, and func­

tional description for 32-bit data trans­
actions over the STD Bus. It is a super­
set of the STD-80 Series specification 

and maintains that spec's physical form 
factor and pinouts. The additional pins 
required for 32-bit data transactions 
are on 0.065-in. centers between exist­
ing STD-80 pins, and the number of 

size expansion slots, which include six 
8-, one 16-, and one 32-bit EISA slots; 
and two 32-bit processor/memory slots. 
Model 386-840 has a 840M-byte, 4-
drive array; Model 386-420 has a 420M­
byte, 2-drive array; and Model 386-240 
has a 240M-byte, 2-drive array. Op­
tions can transform the systems into 
network file servers and multiuser 
hosts. These options include a 31h-in. 
l.44M-byte disk drive, tape-cartridge 
drives for cartridges with capacities of 
150M to 525M bytes, a 240-baud mo­
dem, color graphics boards and moni­
tors, and 120M- to 650M-byte fixed 
hard-disk drives. The systems have a 
300W power supply and keylock and 
password security features. Model 386-
240 costs $15,999; Model 386-420 costs 
$19,999; and Model 386-840 costs 
$25,999. 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appropriate 
box on the ballot. 

card-edge pads increases from 56 to 
114 pins. The STD 32 Bus spec lets 
existing 8-bit products work alongside 
16- and 32-bit products in either an 8-
bit backplane or the STD 32 backplane. 

The specification adds several fea­
tures to the STD Bus including 32-bit 
addressing, 16- or 32-bit data trans­
fers, multimaster capability with bus 
arbitration, backplane DMA, slot-spe­
cific interrupts, an 8-MHz backplane 
clock, and software-configurable pe­
ripheral boards. These added features 
give STD Bus users a growth path 
without endangering their investment 
in peripheral boards, such as I/O and 
memory cards. Because the STD 32 
Bus spec is similar to EISA, designers 
can use ISA or EISA chip sets to make 
STD 32 products compatible with 
IBM PCs. 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appropriate 
box on the ballot. 
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Our680's 

TICK 
makes Motorola's 040 

CK. 
AVX/ Kyocera's 680 clock oscillator is specifically 

designed to meet all of Motorola's strict timing requirements 

for their MC68040: the tight symmetry (47.5 %/52.5 % ) 

for delivering 20MIPs at 25MHz, the dual outputs* 

of 50MHz and 25MHz to eliminate external adjustments, 

buffers and dividers. These plus controlled skew 

to ± 7. 0 nsec between clocks and the ability to 

tolerate supply voltage variations up to ± 10 % 

keeps Motorola's 040 right on time. 

Uncompromising precision, that's what makes 

AVX/Kyocera clock oscillators "tick'.' 

To talk about our 680, 

contact AVX/Kyocera today 

by calling (803) 448-9411, fux us 

at (803) 448-1943, or write to 

AVX/Kyocera, 17th Avenue South, 

P.O . 867, Myrtle Beach, SC 29577. 

* Also available in single 50MHz frequency, K680S. 

EDN September 3, 1990 
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! D Please send me more in formation on what makes the 680 tick. 

NAM E _ _ _ _ ________ _ 

TITLE ____________ _ 

COMPA NY _ _ _________ ~ 

ADDRESS _________ __ _ 

CITY ______ STATE_ZIP __ _ 

TELEPHONE ___________ _ 

Send to: AVX/Kyocera, Literature Department, P.O. 867, 
Myrtle Beach, SC 29577. EDN090390 
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Ell Connectors 

Ell connectors feature a high-den­
sity array of controlled impedance 

signal lines and power lines in a modu­
lar assembly that can handle signals 

with rise times as 
fast as 35 psec. 
The connectors 
route signals from 
a mother board to 
a daughter board 
through a flexible 
circuit, which has 
a 500 characteris­
tic impedance. The 
flexible circuit also 
includes a ground 
plane, which re­
duces crosstalk to 
- 40 dB for 500-
m V, 100-MHz sig­
nals with a 900 

psec rise time. For each signal line, 
propagation delay, attenuation, and 
signal skew are 30 psec (± 10%), 
< -0.025 dB, and <10 psec, respec­
tively. 

Ribbon-Ax Cable 
'D ibbon-Ax ribbon cable eliminates 
.&.the high costs involved in termi­
nating coaxial cables without sacrific­

ing signal fidel­
ity. Ribbon-Ax 
can replace as 
many as 60 con­
ventional coaxial 
cables, will trans­
mit both analog 
and digital sig­
nals with minimal 
crosstalk, and is 
readily termi­
nated using stan­
dard 0. 050-in. 
pitch insulation 
displacement con­

nectors. Ribbon-Ax is available with 
impedances of 50, 75, or 950. The 500 
cable has a capacitance of 24.3 pF/ft, 
a 70% propagation velocity, a time de-

Ell connectors are made up of 2-in.­
long, 160-position modules, which you 
can stack to create larger connectors. 
Standard connectors can accommodate 
as many as six modules for a total of 
960 signal lines. Standard connectors 
also accommodate power and ground 
modules, each of which can handle lOA 
at 5V. A protective locking and align­
ing cover on the daughter board prop­
erly positions the two boards' main 
connectors. The card-mating process 
wipes the daughter board contacts 
across spring-loaded contacts in the 
mother board connector to ensure low­
resistance interconnects. Contacts are 
available with either gold or tin-lead 
plating. Ell connectors are guaranteed 
for a minimum of 100 mate/unmate cy­
cles. They cost $0.30 to $0.40/signal 
(1000). 

To vote for this entry as the Innova­
tive Component, Hardware, and Inter­
connect Product of the Year, mark the 
appopriate box on the ballot. 

lay of 1.45 nsec/ft, and a 2.03 effective 
dielectric constant. In 10 feet of single­
ended Ribbon-Ax, near-end and far­
end crosstalk is typically less than .1 % 
for signals with 5-nsec rise times and 
can be as low as 2% for rise times of 
1.5 nsec. 

Ribbon-Ax cable has an integrated 
outer copper shield and selectable 
ground/drain wires. The integrated 
shield, which can be connected to one 
or more of the ground wires, protects 
the signals from outside interference, 
controls impedance, and provides in­
creased line-to-line isolation. Ribbon­
Ax is available with as many as 64 #30 
or #28 AWG conductors. The cable 
costs $0.30 to $0.80 per conductor foot. 

To vote for this entry as the Innova­
tive Component, Hardware, and Inter­
connect Product of the Year, mark the 
appopriate box on the ballot. 
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TELECOM 
DC/DC CONVERTERS 

VICOR PROVIDES THE POWER FOR TBfCOM APPLICATIONS 

VI-JOO 
.. 2.28" x 2.4" x 0.5'' 
.. 25 -100 Watts 

Vl-200 

From remote sites in Alaska and desert sites in Egypt to central offices in Oklahoma, agency approved Vicor converters have 
consistently demonstrated the ability to meet rigorous demands (Bellcore or British telecom) at competitive prices. 

For immediate delivery of converters or for additional information call v1coR Ei-PRE..r..r today at 1-800-735-6200 

Component SoluUons For Your Power System m 
Common Stock traded on NASDAQ under "VICR" 
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SPW LIBRARIES 

EL 1 C-COOO VGA Display 

B ecause the ELlC-COOO direct-cur­
rent, electroluminescent VGA dis­

play is less than 2 in. thick, it provides 
an attractive alternative to CRTs. Pro­
prietary drive electronics furnish a fast 
170-Hz refresh rate and a high 25-fL 
brightness without any heat buildup. 

Code Generation System 

B y generating C code for DSP ap­
plications from signal-flow block 

diagrams, the Code Generation System 
(CGS) frees designers from the intri-

AUTOMATICALLY 

SPW 
SIGNAL DISPLAY 

GENERATED SIGNAL UPLOAD/ 
C COOE DOWNLOAD 

DOWNLOADED 

C COMPILER 
Tl TMS320C30 
AT&T DSP32C 

DEVELOPMENT 
SYSTEMS 

SPW FILTER 
DESIGN SYSTEM 

FILTER IMPULSE 
METHOD RESPONSE 

FILTER POLE 
CHARACTERISTIC ZERO 

FILTER FILE 
DOWNLOAD 

TEST ANO . 
MEASUREMENT 
INSTRUMENTS 

cate details of software development 
and allows them to concentrate on ob­
jectives in digital signal processing. As 
an option on the manufacturer's Signal 
Processing Worksystem (SPW), CGS 
produces generic C code for supercom­
puter and mainframe CPUs or opti­
mized C for specific DSP chips. 

Together, SPW and CGS form a gra-

The display has a true 16-
level gray scale and a 1:1 as­
pect ratio, which complies with 
DIN character contrast specifi­
cations. The amber display has 
a 160° viewing angle and shows 
no diminution of light output 
during the first 20,000 hours 
of use. Power requirements 
are 12V nominal at lA typ. 
The display's active area meas­
ures 8.64 x 6.48 in. (640 col­
umns by 480 rows). The overall 
panel measurements are 11.48 x 
8.44x1.662 in. The ELlC­
COOO weighs 34 oz and oper­

ates over a 0 to 50°C range at altitudes 
up to 45,000 ft above sea level. 

To vote for this entry as the Innova­
tive Component, Hardware, and Inter­
connect Product of the Year, mark the 
appropriate box on the ballot. 

phical, interactive DSP code-develop­
ment system that allows designers to 
create rapid prototypes from system 
designs. The generic C code produced 
by CGS can be compiled and run on any 
processor that has an ANSI C compiler. 
Chip-specific code contains special sub­
routine calls for AT&T's DSP32C and 
Texas Instruments' TMS320C30 proc­
essors. Libraries for these chips con­
tain optimized code for implementing 
FFTs, filters, and other DSP tasks. 

In addition to code generation, SPW/ 
CGS also enables DSP prototype test­
ing. Generated code and input signals 
move from SPW/CGS to the target 
DSP system via an Ethernet link, and 
DSP-output signals return to SPW/ 
CGS for analysis. The SPW/CGS de­
velopment system ,is available for Sun-
3, Sun-4 (SPARC), DECstation, and 
Hewlett-Packard/ Apollo workstations. 
SPW costs $25,000; the CGS option is 
$10,000 per DSP target. 

To vote for this entry as the Software 
Innovative Product of the Year, mark 
the appropriate box on the ballot. 
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Spread 
Spectrum 

At Your 
Finger 
Tips . 

LOWEST 
HIGHEST PRICE VITERBI 
PERFORMANCE DECODER 
VITERBI DECODER At less than $100 
At 20 Mbps with (qty. 1000) the 
4-bit soft decision the HIGHEST STEL-5269 K=7 
STEL-2020 is the PERFORMANCE Viterbi decoder 
highest performance DIGITAL FILTER has the most 
K=6 and K=7 Viterbi The STEL-3310 attractive price in 
decoder in the 64-Tap Complex the industry, with 
industry. Matched Filter industry standard 

provides the highest polynomials and 

HIGHEST performance in a a 256 Kbps data 

single package for rate . 
FLEXIBILITY PN 
CODER 

signal despreading 
applications. 

At 30 Mcps and up 
to 32 taps per coder 
the STEL-1032 
Trip le PN Coder has GPS CODER 
the flexibility to The STEL-1023 
generate a wide generates the C/A 
variety of codes for (Clear/Acquisition) 
many spread coding and timing for 
spectrum GPS receivers in a 
applications. single chip. 

STANFORD TELECOM proudly offers the 
industry's most complete line of Spread 
Spectrum VLSI Products for any occasion. 
STANFORD TELECOM ... the leader in Spread Spectrum, 
also offers products for Direct Digital Synthesis 
applications. In addition, we specialize in the development 
of custom ASIC solutions for your specific requirements. 

• 
I 

HIGHEST SPEED 
ACCUMULATOR 
With a 70 
Msamples/sec. 
accumulation rate 
the STEL-2410 is 
the industry's 
highest speed 
signal accumulator 
for spread 
spectrum 
applications. 

HIGHEST 
PERFORMANCE BIT 
SYNCHRONIZER/ 
DEMODULATOR 
The STEL-2110A is a 
digital bit synchronizer 
and PSK demodulator, 
providing high 
performance in spread 
spectrum BPSK and 
QPSK applications. 

The STEL-2330 

FASTEST Signal Quality 

BURST DATA Estimator 

ACQUISITION 
provides front-
end processing 

The STEL-2210 to allow the 
Block Phase Eb/No of signals 
Estimator allows to be calculated 
burst signals to be at up to 15 
acquired rapidly HIGHEST Msamples/sec. 
and demodulated PERFORMANCE 
coherently when QUADRATURE 
used in 

NCO conjunction with 
the STEL-211 OA. The STEL-1177 

Quadrature NCO 
has a 60 MHz 
clock frequency 
and incorporates 
linear PM and FM 
capabilities as 
well as providing 
quadrature 12-bit 
outputs for -75 
dBc purity. 

For immediate support, please write or call: 

STANFORD --- --~ - -
§ ~ i ~ f e: s iili 
---~ ...._.... ---

ASIC & Custom Products Group 

2421 Mission College Blvd ., Santa Clara, CA 95054 

Tel: (408) 980-5684 • Fax: (408) 727-1482 
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Tekcolor CMS 

T he Tekcolor Color Management 
System (CMS) consists of soft­

ware and development tools that pro­
vide precise matching between many 
different graphics devices, such as 
color monitors and color printers. The 

u•LIJ][] 
v'~ 
y~ 

system's color 

• Monitor 
~--------~ • Printer 

space or specifi­
cation is essen­
tially device inde­
pendent. The sys­
tem's device-char­
acteriz.ation mech­
anisms allow you 
to accurately rep­
resent and dupli­
cate the color Chroma 

gamuts of a .vari­
ety of peripheral 

devices. Furthermore, its calibration 
mechanisms let you measure and 
mathematically describe the color char­
acteristics of a specific device. And the 
system's human interface prompts the 
user for the information needed by its 

OS-9000 

T he OS-9000 is a modular, real­
time, multitasking operating sys­

tem and software-development envi­
ronment. Written in C, the system 
runs on Motorola and Intel CISC (com­

plex-instruction­
set computer) and 
RISC (reduced-in­
struction-set-com­
puter) µPs. The 
system includes a 
ROMable real-time 
kernel, a hierar­
chical file man­
ager, a utility func­
tion, and a variety 
of 1/0 and network­
ing options. It also 
offers a suite of 

development tools, including a Unix­
like "shell" user interface, editors, 
compilers, a graphical user interface 
(GUI), and source-level and system­
state debuggers. You can do your de­
velopment work on the target system 

transformation algorithms to match, as 
closely as possible, the way in which 
different devices represent the colors 
of a given image. 

Previous methods of color specifica­
tion were based on existing device sig­
nals and did not take into account the 
perceptual nonlinearities of human vi­
sion and the specific characteristics of 
different devices. The innovative 
Tekcolor CMS, because it does account 
for these factors and is essentially de­
vice independent, lets you link com­
puter color-graphics systems to such 
diverse applications as film, fabric de­
sign, and paint and dye with a preci­
sion that has hitherto not been possi­
ble. A Tekcolor general license is free; 
an implementation manual costs $250. 

To vote for this entry as the Software 
Innovative Product of the Year, mark 
the appropriate box on the ballot. 

or use C cross-development tools, 
which run on Unix and MS-DOS com­
puters. 

The system serves as both a real­
time execution environment and as a 
development environment. As an exe­
cution environment, OS-9000 provides 
a variety of services to application pro­
grams including multitasking, inter­
rupt handling, task synchronization, 
memory management and protection, 
as well as 1/0 and networking. You 
can put all of the system's modules in 
ROM. And, because the system is 
modular and scalable, you can build up 
configurations ranging from a stand­
alone kernel to a full-blown develop­
ment system. A single operating sys­
tem for an IBM PC costs $995; Mo­
torola µP systems cost $2500. Develop­
ment tools are extra. 

To vote for this entry as the Software 
Innovative Product of the Year, mark 
the appropriate box on the ballot. 

Text continued on next page 
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How To React When Your Customers 
Send You Mixed Signals. 

Big trouble. A customer sends you a mixed signal 
ASIC design. You simulate it as best you can with your 
in-house tools. And then cross your fingers. Because 
guess what happens when your customer plugs it into 
his system? 

That's right. Zippo. 
Who's to blame? Who cares? The important thing is 

you've lost a potentially profitable working relationship. 
Here's a way out: Saber, the industry's most popular 

mixed signal simulator. You provide your customers 
with accurate Saber behavioral libraries that cover all 

your ASIC cells' functionality. They can then use Saber 
to simulate not only the ASIC, but also the entire 
digital/analog system that surrounds it (even the 
non-electrical parts). 

When they're satisfied, they send you models of the 
entire system design along with the completed ASIC 
design. Now you can run a Saber device-level simulation 
that interacts with the customer's system as a whole. 

The result? Fewer failures. Lower customer costs. 
Increased customer confidence. No more mixed signals 
- except those on silicon. 

For more information on how Saber can help with your mixed signal designs, phone (503) 626·9700, ext. 39, or FAX (503) 643-3361. 
Saber environments include: Cadence, Calay, Computervision/Prime, Daisy/Cadnetix, HP, Mentor Graphics, NCR, Racal-Redac/HHB, Schlumberger, 

Siemens, Teradyne, Valid / ADT and Viewlogic. 

EDN September 3, 1990 
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78SR/79SR Switching Regulators 

A startup company, Power Trends, 
is offering the 78SR and 79SR 

families of 3-terminal, positive and 
negative 1. 5A switching regulators 
that can directly replace linear 3-ter­

minal regulators. 
Switching fre­
quency is 1 MHz 
and efficiency ex­
ceeds 87% under 
most operating 
conditions. As a 
result, power dis­
sipation is signifi­
cantly lower than 
that of linear de­
vices, allowing the 

units to operate without a heat sink 
in many applications. The units pro­
duce their full rated current without 
a heat sink when the ambient air tem­
perature is 65°C. 

Innovations in the products lie in 

several areas: High-frequency switch­
ing-regulator technology, surface 
mounting, and planar magnetics pro­
duce 3-terminal regulators in packages 
the same size as those of linear devices. 
Laser trimming sets the units' output 
voltages with extreme accuracy. High­
speed automated assembly yields eco­
nomical devices despite complexity 
that is greater than ICs'. Notwith­
standing that complexity, the vendor 
boasts of MTBFs greater than 100 
years. 

The vendor supplies the units 
trimmed for outputs of 5, 6, 8, 9, 12, 
15, 18, and 24V in packages optimized 
for vertical or horizontal through-hole 
mounting or for surface mounting. The 
regulators require, at most, two exter­
nal components-an optional capacitor 
from input to ground and another from 
output to ground. The regulators cost 
$12 (1000). 

CUT FREQUENCY HIGHS DOWN TO SIZE 
Micro/Q® 3000 Controls High Frequency Noise From ASICs 

Design PGA packaged ASICS 
or MPUs into your board design 
and the noise level starts 
climbing. Surround these PGAs 
with standard 2 pin decoupling 
capacitors, and you ' II use 
valuable board space and 
provide inferior decoupling. 

decoupling capacitors is 
through-hole mounted under 
pin grid arrays , PGA sockets, 
and PLCCs/LCCs mounted in 
sockets. They are available for 
all PGAs in a variety of sizes 
and dielectrics, including X7R 
and P3J dielectrics for greater 
temperature stability. 

Micro/Q 3000 capacitors. Excel­
lent noise suppression for high 
performance. 

Micro/Q 3000 decoupling 
capacitors from Rogers provide 
excellent noise suppression over 
a wide frequency range. For 
space savings, they ' re specifi­
cally designed to fit under PGA 
devices such as fully custom 

M icro IQ 3000 capacitors fi t under PGA packaged A&ICs and MPUs. 
Write or call for free literature 
and product samples. 

ASICs, MPUs and gate arrays - where low noise and high 
density are essential. 

Featuring the high performance reliability you 've come to 
expect from Rogers, this family of very low inductance 

Also available through Mektron Europe, Ghent, Belgium 
and Rogers Inoue Corp., Nagoya, Japan. 
Micro/Q is a registered trademark of Rogers Corporation. 

CIRCLE NO. 6 

Technology for tomorrow built on TQC today. 

$ROGERS 
Rogers Corporation 
Circuit Components Division 
2400 South Roosevelt Street 
Tempe, AZ 85282 
Tel : (602) 967-0624 
Fax : (602) 967-9385 
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Even the most ambitious project 
is limited by its partS. 

Most kids use the pieces of their building toys just like 
they came out of the box. So they're limited by the characteristics 
of those pieces. 

The same is true of today's suppliers of "custom" 
interconnect systems. Assembling systems from components 
that are readily available, they call these products custom when 
they're really only customized. 

At Precision Interconnect we're often not satisfied with 

Pl. miniaturized this cable of 68140 AWG, 
50 ohm coaxes to a .192" O.D. to fit into 
the end of an endoscope tube. The O.D. 
of one RG-59 is .242''. 

CIRCLE NO. 37 

the components or assembly procedures readily available. 
So we design, test and implement our own. 

First we ask every question imaginable about the 
application of the product. Then we apply our knowledge 
of manufacturing, materials, cable and connector designs, 
and termination processes to solve the problem. 

So the complete interconnect systems we deliver will 
be high performance and application specific, meeting every 
requirement of your particular interconnect problem. 

We know the whole is greater than the sum of the 
parts. And more functional if you challenge those parts. 

PRECISION 
INTERCONNECT 

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

Offices in San Francisco, Boston. 
Wilmington and DOsseldort. 



The IBM RISC System/ 
Designing on any other workstation 

Whatever you're creating, you'll sai] into a whole 
new age with any of the four POWERstations in the 
RISC System/6000 
family. Because 
POWER (Perform­
ance Optimization 
With Enhanced RISC) . . 
processmg can give 
you performance 
you've probably only 
dreamed about: 

up to four instructions per machine cycle, 42 MIPS 
and 13 MFLOPS. Sudden ly, complex designs don' t 
take eons anymore. 

The four RISC System/6000 POWERstations 
feature a range of graphics processors from grayscale 
to Supergraphics to satisfy any graphics demand. 
Great news for Power Seekers working on animation, 
scientific visualization, medical imaging and engi­
neering solutions like CADAM~ CAEDS'" and CATIA'." 
A ml for electrical design automation, there's IBM's 
all new CBDS'" and an arsenal of over 60 EDA appli-

IBM is a registered trademark and RISC System/6000 and CAEOS are trademarks of International Business Machines Corporation. CADAM is a trademark of CAOAM INC. CATlA is a 

~r:r.:~~~~~=:0~~59M~~~~~9;~~=1~.~af~~J~·a11 rKJhtsre~. 
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6000™ family. 
will seem downright primitive. 

cations from more than a dozen vendors. 
With every POWERstation, you can get an aJmost 

unimaginable palette of 16 million colors, which gives 
you 3 D images so realistic, they fairly leap off the 
screen, with super sharp resolution of l,280xl,024 pixels. 
And when it's time to call in the heavy artillery, the 
POWERstation 730 draws nearly one million 30 vec­
tors per second. Like all POWERstations, it can come 
complete with its own graphics processor, freeing the 
POWER processor to rapidly create and analyze your 
designs. All at prices that won' t sink anybody's budget. 

So if you're tired of paddling upstream with 
yesterday's performance, call your IBM marketing 

EDN September 3, 1990 

representative or 
Business Partner to 
find out more about 
the RISC System/6000 
family. For literature, 
ca lJ J 800 I BM-6676, 
ext. 991. 

ForthePowerSeeke& 

CIRCLE NO. 38 
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With all the new regulations 
surrounding electromagnetic 
compatibility (EMC), the best 
way to avoid costly delays is 
to locate problems as early as 
possible. TWo new HP EMC 
solutions make that easy. 

The HP 84100A Design Develop­
ment Solution helps you correct 
problem areas at the design 
stage. It pinpoints hot spots on 
breadboards and prototypes 

© 1990 Hewlett -Packard Co. TMSAD033 / EDN 

using a spectrum analyzer with 
software memory cards that 
simplify troubleshooting. 

The HP 84110A Pre-Production 
Solution gives you added confi­
dence that your designs will pass 
compliance. It has all the analysis 
capability, software and acces­
sories you need to uncover con­
ducted and radiated emission 
problems before final EMI testing. 

So, find out how to build EMC 

•J n Cana da, call 1-800-387-3867, Dept. 502 

into your designs. For informa­
tion about HP's full line of EMC 
solutions and design training 
programs, call 1-800-752-0900.:" 
Ask for Ext. 1350, and we'll 
send you our EMC Measurement 
Solutions fact kit. 

There is a better way. 

F//0'9 HEWLETT 
a!ea PACKARD 
See us at EMC Expo, Booth #212 

CIRCLE NO. 42 Please See our Design Seminar Listings on Page 192. 



TECHNOLOGY UPDATE 

Several routes exist 
for obtaining 

simulation mod­
els, but availability 

and price vary 
remarkably. 

Brian Kerridge, 
European Editor 

EDN September 3, 1990 

ANALOG SPICE SIMULATION MODELS 

Spice models enjoy 
multiple sources 

I 
nterest in analog simulation is 
snowballing. Texas Instruments 
responded to more than 23,000 re­
quests in the US for its op amp 
macromodel manual and disk dur­

ing the first six months after publica­
tion. Forty percent of Comlinear Corp's 
customers now demand Spice models. 
Precision Monolithics fielded literally 
thousands of demands for its models. It 
calls the interest the Spice model craze. 

And so the quest for simulation mod­
els continues. 

Component vendors mostly ignore 
your requirement for models, hoping 
that the need for models will fade away. 
Notable exceptions are a handful of op­
amp suppliers, who have 
an expanding range of 
models and data to sup­
port their preferred 
types. 

Dedicated and inde­
pendent model vendors 
do exist, but there are 
surprisingly few of them. 
They operate largely as 
modeling consultants, 
tailoring their service to 
specific requirements. 
Depending upon your demands, one 
transistor model can cost you from $75 
to $2500. 

Vendors of simulation packages have 
the strongest motivation to source mod­
els. They want to promote and support 
their software. Simulation packages 
generally start you off with a library of 
models for popular components. Addi­
tional software helps you to expand on 
that library. This software translates 

component data into Spice models. De­
pending upon the simulation package 
you choose, the component data you in­
put comes from component data sheets 
or from measurements of samples of the 
device. 

Pros and cons exist with either 
method. Going the hardware-measure­
ment route involves deciding upon a top­
end software package, which may cost 
in the region of $25,000. The software 
includes drivers for controlling compo­
nent parametric test and measurement 
equipment, which adds an additional 
$50,000 to your bill. Dedicated modeling 
vendors themselves use this route, but 
apart from them, only component de­

signers can generally 
justify the expense. Fig 
1 shows a summary of 
routes for obtaining 
models. 

Component vendors 
are in the best position 
to supply accurate data 
for simulation-model pa­
rameters. It is almost 
certain that they use 
simulation techniques in 
their production proc­

esses. Nonetheless, only a trickle of 
Spice models is officially available from 
this source. 

In exchange for a nondisclosure 
agreement, key-account purchasers can 
probably negotiate access to a compo­
nent vendor's in-house Spice models. 
This route will provide job-satisfaction 
for aggressive buying managers, but it 
is likely to leave you with a Spice model 
and nothing else. The component ven-
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Analog Spice simulation models 

dor's motivation and capability to 
support your work with an in-house 
model is likely to be nonexistent. 

Motorola makes a token effort at 
support. It publishes 12 Spice mod­
els for RF small-signal transistors. 
For other models, the company 
steers you toward one of the few 
independent model vendors, like 
Silvaco. Motorola's Norm Dye, an 
applications engineer, doubts the 
validity of using Spice models in 
simulations above 100 MHz. The 
Spice model by itself is not reliable 
at RF unless something is done to 
characterize package parasitics. 
The Spice Gummel-Poon transistor 
model mirrors the component die 
only. If you extract Gummel-Poon 
parameters at RF on a packaged 
component, then the parameters as­
sume invalid values to accommo­
date unmodeled lead inductance and 
capacitance. 

Avantek helps you skirt this 

problem. It publishes models for 
both packaged and unpackaged 
components. The company devotes 
one chapter of its data book to de­
vice modeling. The book includes 
net lists for bipolar transistors, 
GaAs FETs, and MMICs (mono­
lithic microwave ICs). In each case, 
the book shows subcircuit schemat­
ics of the model with the package 
parasitics. A representative selec­
tion of companies that supply mod­
els appears in Table 1. 

Op-amp vendors provide a re­
freshing exception to the no-sup­
port rule. They offer a good range 
of models for new and preferred 
types, free of charge. In all cases, 
the vendors offer macromodels, 
which have a simplified model 
structure but retain essential simu­
lation characteristics. Op-amp mac­
romodels emanate from an early 
standard model configuration, called 
the Boyle model. 

SPICE MODEL 

$2500/MODEL 

t 
$450 

@] COMPONENT DATA 
BOOK 

MODELING SOFTWARE 

Fig 1-Various paths can lead you to a Spice model. 
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Boyle models disregard certain 
aspects of an op amp's performance, 
leaving vendors to express as much 
enthusiasm for their particular en­
hancements to the model as for the 
op amps themselves. Modeling en­
thusiasts dwell endlessly on these 
developments, and several articles 
cover the subject (Ref 1). What­
ever the level of enhancement, ven­
dors' support data fairly and clearly 
states the deficiencies. 

Precision Monolithics Inc's op­
amp macromodels depart furthest 
from the familiar Boyle standard. 
Its most recent development, mani­
fest in the PMI OP-177, adds noise­
generator elements to input stages 
for modeling broadband, thermal, 
and 1/f noise (Fig 2). PMI's op-amp 
macromodels in general boast supe­
rior frequency-response simulations 
to Boyle models because of the un­
limited poles and zeros that the 
macromodels can accommodate. 
Boyle models limit poles to two and 
ignore zeros entirely. 

Joe Buxton, an applications engi­
neer with PMI, says that the moti­
vation to produce Spice models was 
user driven. Models for later prod­
ucts simply weren't available in 
simulator libraries, and users were 
looking for more accurate models. 
Enhancing the Boyle model extends 
simulation time, but PMI believes 
that the time penalty is not a prob­
lem. Buxton maintains that the ma­
jority of users model only sub-sec­
tions of their overall circuits at one 
time. He defends the complexity of 
the company's model by quoting 
simulation times for a 4-op-amp 
bandpass filter. A 12-MHz, 286-
based PC takes <1 minute for a de 
simulation and <5 minutes for an 
ac simulation. On a 25-MHz, 386-
based version, simulation speeds in­
crease by a factor of eight. 

Both Texas Instruments and Burr­
Brown offer more-or-less Boyle 
models. They developed their re-
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Analog Spice simulation models 

spective models using modeling 
software from MicroSim, ensuring 
model compatibility with Micro­
Sim's PSpice simulator. However, 
their models are incompatible with 
Berkeley Spice 2G.6 simulators. 
Texas Instruments acknowledges 
this shortcoming, and plans to pub­
lish errata information this month. 

Manually editing a net list to ob­
tain compatibility is not difficult, 

but it somewhat negates the advan­
tage of receiving data on a floppy 
disk. Intusoft recognizes this prob­
lem, and for $20 sells a floppy disk, 
which contains a library of models 
from all component vendors con­
verted to classic Spice format. 

Comlinear publishes net lists for 
eight of its principal current-feed­
back op amps in its product data 
book. Michael Steffes, the com-

Table 1-Representative component vendors with 
Spice models1 

Component Spice 
Manufacturer types Format compatibility 
Avantek Bipolar Data book Spice 

transistor net list 
MMIC, 
GaAsFET 

Burr-Brown Op amp Floppy PSpice2 

disk 

Comlinear Op amp Data book Spice 
net list 

' 
Harris Op amp Floppy Spice 
Semiconductor disk 

Linear Op amp Floppy Spice 
Technology disk 

Motorola RF Printout Spice 
transistor 

Precision Op amp Floppy Spice 
Monolithics disk 

Texas Op amp Floppy PSpice2 
Instruments disk 

Notes: 1. All models in this table are free of charge. 
2. PSpice simulator is a MicroSim product. 
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Comments 
8 bipolar transistor 
models, 9 GaAsFET 
models. Package sub-
circuits shown with 
values. 
2 models, OPA620 
and 621 . App note 
AN-167. 
7 models, CLC205, 
206, 220, CLC231, 
400, 405, 501 . App 
note OA-09 includes 
net lists & schematics. 
Performance curves 
forCLC400. 
7 models, HA2539, 
2540, 5102, HA5104, 
5112, 5114, 5190. App 
note per model with 
performance curves. 

40 models. Disk in-
eludes demo version 
of MicroSim's PSpice 
to allow you to 
generate performance 
curves. App note 41 
answers 20 typical 
novice's questions. 
12 models. Includes 
MRF522, 544, 
MRF571 , 901 , 911 , 
941 , 951 , 2N2440, 
2N6338, 2N6617, 
2N6618, 2N6679. 

54 models. Includes 
AMP-01 & AMP-02 in-
strumentation amp 
models. OP-77 and 
OP-177 includes noise 
modeling. 

106 models listed in 
macromodel data 
book. Support hotline 
number 
(214) 997-3389. 

pany's applications engineering 
manager, says that the company's 
reason for supplying the models 
came in direct response to customer 
demands. Of the 40% of Comlinear's 
customers who now request Spice 
models, he suspects that barely 10% 
eventually perform simulation. It 
seems that most customers expect 
models to help them predict likely 
production spreads in their designs. 
When they discover that this level 
of information is not available, the 
models are set aside. 

This scenario airs a general griev­
ance about all semiconductor mod­
els which may result from exag­
geration of the benefits of Monte 
Carlo analysis by simulation ven­
dors. The capability to perform tol­
erancing truly exists within Spice­
based simulators, but you cannot 
exercise this feature fully, as the 
tolerancing data for semiconductor 
model parameters is not readily 
available. It is true that a good de­
sign is insensitive to a semiconduc­
tor's characteristic spreads, but 
without semiconductor-model pa­
rameter tolerances, you cannot use 
simulation to prove it. 

Start-up library is available 
Most simulation packages contain 

a library of models of popular com- ' 
ponents, but these libraries cover 
only a small proportion of available 
devices. Paul Tuinenga, a software 
engineer with MicroSim, explains 
the difficulty. First, there exist al­
most 500,000 semiconductor types. 
Second, regular library updates 
can't hope to include all new compo­
nent releases. The PSpice simulator 
currently includes a model library 
of around 3000 of the more fre­
quently used devices. 

Charles Hympwitz, chief applica­
tions engineer at Intusoft, stresses 
the importance of quality rather 
than quantity of models in a library. 
He directs users to beware the un-
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supported model. You should insist 
that a data sheet or some type of 
explanation and application note ac­
company the model. He says that 
some libraries are beefed up by a 
simple restatement of Spice default­
model parameter values, or by just 
listing a series of equivalent type 
numbers for the same model. He 
says that models should come with 
a listing of all the effects that the 
model simulates, and, just as impor­
tant, those that it omits. 

Intusoft offers a free modeling 
service to users of its IsSpice simu­
lator. As well as developing its own 
models, the company gathers, vets, 
and redistributes models from com­
ponent vendors. The company pub­
lishes texts and a free bimonthly 
newsletter on modeling (Ref 2). 

Although all simulation packages 
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allow you to modify models by text­
editing the net list of a similar com­
ponent, the problem lies in knowing 
what new model parameters to in­
sert for the new type number. Com­
ponent data sheets offer a primary 
source of information, but figures 
quoted do not relate to Spice model 
parameters. 

PC-based simulators from In­
tusoft and MicroSim include soft­
ware for direct translation of values 
commonly found in component 
manufacturer's data sheets to Spice 
model parameters. 

MicroSim's Parts ($450) is the 
modeling option for the PSpice 
simulation package. It establishes 
model parameters for diodes, bipo­
lar transistors, JFETs, power 
MOSFETs, and op amps. Graphical 
feedback, based upon the derived 
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parameters, indicates the validity 
of characterization. The program 
outputs model statements for tran­
sistors, and, in the case of op amps, 
subcircuit net lists. 

Intusoft's Spicemod modeling 
program costs $200; it operates in­
dependently of a simulator. It pro­
duces diode and transistor model 
files that are strictly Spice compat­
ible (Fig 3). It behaves as a model­
ing spreadsheet, updating model 
parameters each time you enter a 
new value from the data sheet. The 
more data you enter on a device, 
the more accurate becomes the 
model. And if some data values are 
missing, the program makes esti­
mates for you. 

If you decide that the models you 
need are not accurate enough, or 
just not available elsewhere, your 
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Fig 2-PMI's macromodel for op amp OP-177 includes noise generators GN,, GN,, and EN in the input stages to create broadband, thermal, 
and 1/f noise. 
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final recourse is to use a modeling 
vendor. These vendors derive 
model parameters from measure­
ments of a hardware sample, and 
the service covers mainly bipblar 
junction transistors. 

Their in-house equipment in­
cludes a range of instrumentation, 
which, under software control, col­
lects data from the sample to be 
modeled. This data produces sets of 
characteristic performance curves 
and provides model-parameter esti­
mates. A simulator then operates 
on a model of the device, iteratively 
optimizing the model parameters 
while using the characteristic 
curves as a target. 

Silvaco offers access to a library 
of around 2500 transistor types, 
which have been modeled by this 
method. If the model you need is 
there, it costs you $350. If not, then 
the company will perform a custom 
model characterization of your com­
ponent for an additional charge , re­
quiring typically six samples. The 
system accepts packaged or unpack­
aged components, although if the 
measurements involve probing a 

wafer, the cost escalates to around 
$4000. 

MEL, a Philips company, offers 
an equally adaptable modeling serv­
ice at its Device Modeling and Char­
acterization Center (DMCC). Al­
though the company concentrates 
on parameter determination for bi­
polar junction transistor models, it 
also develops and provides models 
of active and passive components 
for use in a variety of circuit simula­
tors and applications. 

DMCC has extensive modeling 
capability, comprising temperature 
characterization and the determina­
tion of packaging parasitics. It will 
give you a set of parameters for one 
device for £1500. For £15,000, you'll 
receive parameters for 10 devices 
and membership in the DMCC user 
group. Members have access to 
DMCC's library, which currently 
contains Spice models for 29 diodes, 
120 bipolar junction transistors, and 
nine FETs. 

Analog and RF Models offers a 
special service for · accurate RF 
models of bipolar transistors, 
JFETs, MOSFETs, and MMICs. 

The company uses only data sheets 
for source information. Bill Sands, 
the company's president, explains 
two advantages of this technique. 
First, it holds down the price of one 
model to $75. Second, data-sheet in­
formation represents the average of 
many components over several 
years, whereas measurements of 
samples may depart from typical 
data. The company's in-house soft­
ware gives precedence to ac and 
transient characteristics of a model, 
to 5 GHz. Sands maintains that nor­
mally just enough data is available 
to produce an accurate model. At 
a minimum, this requires le, V cE, 

fTMAx, and a set of s or Y parame­
ters. If s or Y parameters exist for 
three different frequencies, then 
the program can model package 
parasitics. 

Hymowitz at Intusoft summa­
rizes the merits of modeling from 
data-sheet and hardware informa­
tion. With hardware modeling you 
can never be sure if the sample is 
a maximum, minimum, or typical 
part. Nonetheless, for diodes, tran­
sistors (excluding RF types), and 

SPICEMOD 1.1 ========== Bipolar Junction Transistor (Q) ============ 07-13-1990 
.MODEL Name (MPSA06) = MPSA06 (Estimated Data) 

Type (GeNPN, GePNP, SiNPN, SiPNP) = SiNPN (Entered Data) 
Max. Collector-Emitter Voltage, VCEO 80.000 v. <VAF> 

Max. Emitter-Base Voltage, VEBO 4.000 V. <VAR> 
Max. Continuous Collector Current, IC 0.500 A. (Scales all Values) 

Peak Current Gain, hFE 220.238 <BF> 
High Current 50% HFE Point, IH 0.300 A. <IKF> 

Low Current 50% HFE Point, IL 0.300 mA. <ISE> 
Collector Saturation Voltage, VCE(SAT) 0.140 V. <RE> (RC, RB) 

at IC 0.500 A. (near max. current) 
Base-Emitter On Voltage, VBE(ON) 0.653 V. <IS> (ISE) 

(at IB = IC/10) at IC 0.020 A. (at IC(max) / 25) 
Max. Gain-Bandwidth Product, fT 219.203 MHz. <TF> 

Storage Time at I(fTmax), TS 0.325 us. <TR> 
Output Capacitance, COB 8.000 pF. <CJC> 

at VCB 5.000 V. 
Input Capacitance, CIB 40.277 pF. <CJE> 

at VEB 1.000 V. (Reverse Bias) 
========================== SPICE MODEL PARAMETERS: ============================ 
.MODEL MPSA06 NPN (IS= 5.08E-14 NF=l.O BF= 286 VAF= 161 
+ IKF= 3.0E-01 ISE= l.77E-ll NE=2.0 BR= 4 NR=l.O VAR= 16 
+ XTB=l.5 RE= l.OE-01 RB= 4.lE-01 RC= 4.lE-02 
+ CJE= 5.3E-ll CJC= l.6E-ll TF= 7.3E-10 TR= l.4E-07) 

<< SELECT WITH ARROWS, ENTER NEW DATA - Fl HELP - 'Esc' WHEN DONE >> 

Fig 3-lntusoft's Spicemod modeling software operates like a spreadsheet. Spice rrwdel parameters u pdate as you enter a range of values 
from a component data sheet. The rrwre points you enter, the rrwre accurate the rrwdel becomes. 
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JFETs, hardware modeling pro­
duces accurate data. This hardware 
modeling can be a great help when 
data-sheet information is incom­
plete or nonexistent. Data sheets 
often omit plots for capacitance vs 
reverse voltage, IV curves, HFE• 
and V BE vs le. You cannot deter­
mine Spice model parameters with­
out this data. Although data sheets 
do not provide enough information 
to create a complete model, enough 
data is usually available for a de 
model, and enough for a good shot 
at an ac model. For MOSFETs, un­
less level 1 models suffice, modeling 
from hardware measurements is al­
most a must, as data sheet informa­
tion is quite insufficient . 

Models for power MOSFETs and 
power, RF, and Darlington transis­
tors require a subcircuit represen­
tation. Data-sheet information is 
usually adequate, but optimization 

must be done with Spice, as there 
is no way to input the variable 
subcircuit topology. 

Op-amp data sheets contain more 
than enough information to produce 
models. 

The saying, "you get what you 
pay for, " is never more true than 
when trading simulation models. 
The skill is to decide what modeling 
source and attendant expenditure 
meets your simulation objectives. 

If you use simulation to check a 
design's basic functionality or just 
to throw around ideas, then loosely 
defined models suffice. For compo­
nent design and manufacture, de­
mand a highly accurate simulation 
result with the best models from 
modeling specialists. 

Between these application ex­
tremes lie a lot of middle ground. 
Clearly, no one model, even for the 
same component, is ideal for the 

For more information ... 

range of applications possible. Your 
skill and knowledge as an analog 
engineer, far from being diminished 
by the use of simulation, must ex­
pand until you know as much about 
your simulation models as you do 
about the components being mod­
eled. EDN 
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16-BIT PERFO CE. 
With Motorola, your path to power is 
virtually a straight shot, thanks to the 
families of microcontrollers we've 
mapped out to take you from 
here to high performance. With­
out unnecessary changes in soft­
ware and architectures along the way. 

upward source compatible with our 
popular HCl 1 Family, our 16-bit 

pathway makes migration easier 
than ever before. 
Today, the 68HC711K4. Tomor­

row, an entire family of 16-bit. 
And, in the months to come, a host of 

new Motorola microcontrollers that 
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HIGH PERFORMANCE, HERE'S 
WHERE TO START. 

For well-planned migration to high perfor­
mance, travel with the leader. Motorola. 

Motorola's new 68HC711K4 microcontrol­
ler is the latest development on our path­
way to performance. It's twice as fast as any 
member of the original HCl 1 Family. With 
powerful new features like an enhanced 
16-bit timer. And expanded memory, 
including 24K bytes of EPROM as well as 
on-chip EEPROM. 
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APPLYING Tl's BiCMOS 
With more than 50 BiCMOS logic 
functions from Texas Instruments, 
you can beat tough bus ... interface 
design challenges. Our free 
SamplePacs will show you how. 

. . . . . . . . . . . . 
• • ... • • • • • • •1•f•T· 

s pedally designed for use in bus­
interface applications, our growing 
BiCMOS logic family can make 
the difference in getting data on 
and off the bus faster. These ad­
vanced functions that combine 
the best of bipolar and CMOS 
can help you attain higher system 
performance levels. 

Lowering power, 
maximizing speed 
For example, our BiCMOS devices 
can help you minimize power dissipa­
tion and maximize speed. Disabled 
currents are reduced by as much as 
95% and active currents by as much 
as 50% compared to advanced 
bipolar equivalents . 



DIFFERENCE 
In fact, your system power savings 

can amount to more than 25%, and 
you should experience reduced 

switching noise as well. 
Yet you can maximize system 

speed. Switching speeds are 
comparable to advanced bipolar 

devices and provide the high drive 
current required for today's industry­
standard buses ( 48/64 mA commer­
cial, 24/48 mA military). 

Gaining even greater perfonnance 
If you need even lower power and 
higher speeds, our submicron 
Advanced BiCMOS (ABT) 
family is the choice for you. 
Planned devices include 8-, 9-, 
and 10-bit buffers/drivers, trans­
ceivers, latches, registers, and 
registered and latched transceivers. 
Our broad BiCMOS family also 

includes unique functions that can 
help you more quickly meet the 
design challenges involved with inci­
dent wave switching, driving MOS 
memories, and system testability. 

Assuring incident wave switching 
Wider word widths and additional 
cards on backplanes are requiring 
higher drive currents to assure 
incident wave switching. 
Our BiCMOS family delivers. With 

our low-impedance line drivers, you 

get more "instantaneous" current 
even when impedances are as low as 
25 ohms. You minimize transition 
"flat" spots that can degrade speed or 
cause oscillation at the 
receiving devices. 

Managing MOS 
memory loads 
MOS memory array 
interfaces create the high-capacitive 
loading environments that can result 
in overshoot and undershoot condi­
tions. As a result, system reliability 

suffers. To handle 
this situation, our 
BiCMOS memory 
drivers incorporate 
a series damping 

resistor output structure that delivers 
advanced system performance when 
driving 256K, lM, and 4M ORAMs. 

Building in testability 
with SCOPE 
It is becoming more difficult to 
accurately test today's highly 
integrated boards and systems, but 
Tl's BiCMOS family contains your 
solution: SCOPET" (System Control­
lability and Observability Partitioning 
Environment) octals. 

..... ;..· .. . . . . .. .. .. . 
™ Tr.idemark of Texas lnstrumems Lncorpcraced 
© 19'Xl 11 00-0176 

Used in place of standard octals, 
SCOPE devices allow specific cir­
cuitry within an assembled module, 
board, or system to be isolated for 
verification and debugging without 

manual probing. Currently, 
our BiCMOS family 
includes an octal buffer, 
transceiver, 0-type latch, 
and 0-type flip-flop. 

Tl's SCOPE products are the first to 
conform to the Joint Test Action 
Group (]TAG) specifications adopted 
by the IEEE 1149.l Test Standards 
Committee. 

Get your free SamplePac and 
sample our BiCMOS difference; 
call 1-800-336-5236, ext. 3008 
You can take your choice of our 
BiCMOS SamplePacs containing a 
free BiCMOS device, our latest 
advanced logic brochure, plus 
appropriate product data. Just call the 
number given above, or use the return 
card to let us know which SamplePac 
you need to begin applying Tl's 
BiCMOS difference. 
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The PSpice family of products includes both the 
Circuit Analysis and Circuit Synthesis packages. 
The Circuit Analysis package contains our 
PSpice circuit simulator and its options, and the 
Circuit Synthesis package contains our filter 
synthesis products, Advanced Filter Designer 
and Standard Filter Designer. 
Advanced Filter Designer is an interactive design aid 
giving you the ability to design and analyze active 
filters. Features include a menu-driven interface, hard 
copy report summaries and plots, cascading multiple 
designs, and interfaces to PSpice and SWITCAP. 
Advanced Filter Designer uses a well established 
methodology in applying classical approximations to 
your filter specification. Available filter types include 
low pass, high pass, band pass, and band reject, all of 
which may be synthesized by Butterworth, Chebyshev, 
Inverse Chebyshev, and Elliptic (Cauer) functions. 
There is also the capability to synthesize arbitrary 
fransfer functions and delay equalization filters. 
A full editing capability allows you to insert, delete, 
and reorder stages, and modify coefficient values. These 
editing features allow a filter expert to fine tune a 
design, or quickly make a small modification to an 
existing design. 
Advanced Filter Designer supports both active RC and 
switched-capacitor biquad filter structures. The 
components may be scaled or resized to center the 
values in preferred ranges. 
Both Bode and pole-zero plots are available. Normally, 
you can determine the acceptability of your design by 
the inspection of its Bode plot. The Advanced Filter 
Designer plots gain, phase, and delay vs. frequency. 
For sampled data designs, you can plot your choice of 
the s- or z-domain transfer function. Pole-zero plots 
allow you to inspect the roots of the transfer function in 
either the s-domain or z-domain. 
Filter Designer works with our PSpice circuit simulation 
package. PSpice and its options form an integrated 
package for the analysis of electronic and electrical 
circuits. 
Each copy of our Circuit Analysis and Circuit Synthesis 
programs comes with our extensive product support. 
Our technical staff has over 150 years of experience in 
CAD/CAE, and our software is supported by the 
engineers who wrote it. 
For further information about our Circuit Analysis or 
Circuit Synthesis packages, please call us at (714) 770-
3022 or toll free (800) 245-3022. 
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As systen1 speeds . . 
continue to in-

crease, extremely 
precise clock 

sources, such as 
crystal oscillators, 

become more 
critical. 

Tom Ormond, 
Senior Editor 
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CRYSTAL OSCILLATORS 

Signal 
tough 

sources handle 
timing jobs 

S 
ystem operating speeds in the 

· hundreds of megahertz range 
are far from uncommon. At such 
speeds, precise and stable clock 
frequencies are an absolute 

must. In a 100-MHz oscillator, a 0.1% 
stability figure translates into a fre­
quency error of 100 kHz. This figure 
might seem trivial, but such a deviation 
could considerably degrade the perform­
ance of a high-speed electronic system. 
The only way to obtain the stability fig­
ures necessary in today's design arena 
is to employ a crystal oscillator as the 
clock source. 

When you go shopping for a crystal 
oscillator, you'll find you have a varied 
product menu to choose from. Your op­
tions include uncompensated oscillators, 
temperature-compensated oscillators 
(TCOs), digitally compensated oscilla­
tors (DCOs), voltage-controlled oscilla­
tors (VCOs), and ovenized oscillators 
(OCOs). The choice of os­
cillator type depends on 
the stability require­
ments of your applica­
tion. You might also have 
to make some tradeoffs 
concerning power con­
sumption and oscillator 
size, but these considera­
tions are normally secon­
dary to stability. 

bility requirements are not too severe. 
The devices' typical frequency stability 
specs are ± 100 to ± 1000 ppm. Manufac­
turers of uncompensated crystal oscilla­
tors often use hybrid assembly tech­
niques to produce devices with small 
volumes. The cost of these devices var­
ies depending on a number of factors, 
but uncompensated crystal oscillators 
are typically the least expensive crystal 
oscillators available. 

KDS America, NEL Frequency Con­
trols, and Pletronics all offer uncompen­
sated crystal oscillators. As the data in 
Table 1 illustrate, these crystal oscilla­
tors have a wide range of output fre­
quencies-156 kHz to 200 MHz. The 
units feature TTL- and CMOS-compat­
ible outputs and are fairly inexpensive 
and quite small. However, they do have 
a limited operating-temperature range. 

Voltage-controlled crystal oscillators 
(VCOs) offer a little more capability 

Simple crystal oscilla­
tors are fixed-frequency 
devices that have no tem­
perature compensation. 
Designers mainly use 
these devices as clocks in 
digital systems where sta-

Featuring outputs of 15 to 60 MHz, VH2340 oscillators from Murata 
Erie have a ±100-ppm deviation capability, a stability of ±25 ppm 
max, and a O to 7(f'C operating range. With a mounted height of 
0.32 in., the units are suitable f or higfi-density applications. 
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than do simple crystal oscillators. 
The VCO has an input terminal that 
lets you apply a control voltage and 
pull the oscillator output frequency 
in either direction. These devices 
are available from AT&T, Conner­
Winfield, MF Electronics, M-tron, 
Murata Erie, and Vectron. 

This VCO tuning capability is ad­
vantageous in a number of applica­
tions. You can use the devices to 
clean up a noisy incoming signal or 
multiply a frequency by a precise 
integer or fraction of an integer 
without introducing any error. 
These devices are quite useful for 
detecting the frequency modulation 
of an incoming signal. A VCO also 
lets you custom tailor a phased­
locked loop. 

The frequency-deviation capabil­
ity of typical VCOs (Table 1) 
ranges from ± 50 to ± 200 ppm. 
Control inputs operate with stan-

<lard logic-level signals, and output­
frequency figures span the 3.5- to 
200-MHz range. However, VCOs 
have a somewhat limited operating­
temperature range. When your ap­
plication involves wide operating 
temperatures and high stability, 
you should go with a compensated 
oscillator. 

Handling tougher environments 
In an ovenized crystal oscillator 

COCO), a temperature-controlled 
module houses the crystal and the 
associated electronics. This module 
maintains the crystal at a stabilized 
temperature that is higher than the 
ambient temperature at which the 
oscillator is likely to operate. No 
other type of oscillator can match 
the stability characteristics of an 
OCO. Over the range of - 55 to 
+ 85°C, OCOs can attain typical sta­
bility figures of ± 1 to ± 100 ppb 

Offering a selection of pull ranges to satisfy 
a variety of phase-locked-loop applications, 
M-tron's MV Series voltage-controlled oscil­
lators are general-purpose, HG MOS-compat­
ible units with center frequency outputs of 
3.5 to 25 MHz. 

(parts per billion). Over narrower 
temperature ranges, stability fig­
ures are even better. 

You have to pay a price for this 
stability performance. OCOs draw 
a lot of power, require a lot of pc­
board space, take time to warm up, 
and are expensive. Two factors af­
fect power consumption: the 
amount of oven insulation the de­
vice has and the temperature differ-

Table 1-Representative crystal oscillators 

Devi- Control Operating 
Frequency Stability atlon voltage range Size 

Manufacturer Model Type (MHz) (ppm) (ppm) (V) Output (°C) (in.) Price 

AT&T 157 vco 50to200 NS ±50 Oto -5.5 10KECL Oto70 0.97x0.795x0.28 $50(1000) 

Biiiey N60B oco Sto 15 0.005 NA NA Sine wave Oto SO 2.25x2.25x1.0 $225 (100) 

Connor- HV54-160 vco 51.840 ±20 ±80 Oto4.8 MOS square Oto70 0.798x0.497x0.26 $87.95(10) 
Winfield wave 

Hybrids 1406 TCO 1 to40 ±10 NA NA TIUHCMOS Oto70 0.82x0.52x0.2 $15 to $25 
International square wave (1000) 

KAL M84 TCO 0.001 to32 ±210 NA NA TIL, ECL, CMOS, Oto50to 0.8x0.5x0.375 $50(100) 
Oeclllatek ±15 sine wave -3010 +85 

KOS America DOC49/492 co 0.156 to 20 ±SOio NA NA MOS, TIL - 10to+70 11x5x4.5 mm $2.50 (1000) 
±100 

MF M2000 vco 8to32.768 ±50 ±175 Oto 10 TIL 01070 0.795x0.495x0.2 $15!0$20 
Electronics (OEM qty) 

M-tron MV vco 3.51025 ±100 ±200 Oto5 HCMOS, Oto70 0.815x0.526x0.265 $10 (1000) 
Industries TIL -4010 +85 

Murata VH2340 vco 15 to 60 ±25 ±100 Oto -5 ECL Oto70 0.815x0.515x0.32 $70(1000) 
ErleNA 

NEL HF-5700 co 0.7810 200 ±0.01% NA NA TIL, ECL Oto70 1.08x0.515x0.23 $20(1000) 
Frequency 
Controls Inc 

Plezo X01190C oco 9to25 0.005 NA NA Sine wave -3510 +95 2x1.6x0.9 From$1500 
Technology 

Pletronlcs DF1100 co 4to60 ±25to NA NA DualTIL, Oto70 0.8x0.5x0.2 $4.37 (1000) 
Inc ±100 CMOS 

Vectron C0454V vco 810200 ± 1010 ±3010 5, ±5 100KECL Oto SO 0.98x0.8x0.2 From$100 
laboratories ±50 ±100 -5510 +85 
Inc 

Notes: CO=crystal oscillator, VCO=voltage-controlled crystal oscillator, TCO=temperature-compensated crystal oscillator, OCO=ovenized crystal oscillator, 
DCO=digitally compe.nsated crystal oscillator, NA= not applicable, NS=not specified. 
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ential between the oven tempera­
ture and the ambient temperature. 
When the manufacturer increases 
the amount of insulation to reduce 
heat loss, the oscillator package 
gets larger-a tradeoff between 
power consumption and size. 

Warm-up t ime is the time the 
OCO requires to reach the operat­
ing temperature required to stabi­
lize its output frequency. To a large 
extent, warm-up t ime depends on 
the amount of power available and 
the thermal mass of the oven. 
Warm-up time can be as long as 10 
minutes. 

Significantly reduced in size through hybridization, Vectron's C0-454V crystal oscillators 
are JOOK EGL compatible and provide outputs of 8 to 200 MHz. Housed in a 0.8 x 0.98 x 0.2-
in. double DIP, the oscillators operate over the -55 to +85°C range. 

Using a single supply to power 
an OCO is possible, but using one 
supply for the oscillator and a sec­
ond supply for the oven is wiser. 
To power the oscillator, you'll need 
a supply that has the same regula-

t ion and noise characteristics as the 
supply you're using to power the 
system logic. You don't need a well­
regulated supply to power the oven. 
Typical supply requirements can be 
as high as 20W at turn on; after the 
oven stabilizes, the supply's power 
drain can be as low as 2W. 

Although they can't match the 

stability performance of OCOs, tem­
perature-compensated crystal os­
cillators (TCOs) do have some ad­
vantages over OCOs. Their warm­
up t ime is significantly shorter (in 
t he microsecond range), t heir 
power consumption is in milliwatts, 
and they are smaller and less ex­
pensive. 
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Getting the right answers 
The frequency-deviation vs control-voltage specifi­
cations for voltage-controlled crystal oscillators 
(VCOs) are simple and explicit. Unfortunately, most 
users devise their own schemes to confirm the valid­
ity of these specifications. These schemes are often 
difficult to implement and are prone to operator 
error. 

A software program can take the uncertainty out 
of confirming whether oscillators meet published 
specifications. MF Electronics has a VCO test pro­
gram that runs on an IBM PC/XT or compatible 
computer. The complete test system requires two 
add-in boards and an IEEE-488-controlled fre­
quency counter. The two add-in boards are an 
IEEE-488 bus card and an analog-output card that 
generates the control voltage levels. Both are com­
mercially available. With this system, users can per­
form a deviation vs control-voltage test in about 
three seconds. 

Typically, the deviation specification for a VCO 
will list the nominal center frequency and the low 
and high control-voltage levels (VL and VH, respec­
tively) that define the boundaries of the center fre­
quency. To check the VCO, the test system applies 
four control-voltage levels (<VL, VL, VH, and >VH), 

compares the resulting frequency against the oscilla­
tor specification, and makes a pass/fail determina­
tion. You can use this test system in production, 
as well as for smaller runs in the quality assurance 
and incoming inspection departments. 

The program comes with several of the most com­
mon control-voltage conditions preset. It also in­
cludes options that let users establish their own volt­
age bands. The oscillator test starts when the test 
operator inputs a frequency input. The tester steps 
through the voltage levels, reads the oscillator fre­
quency, and makes an expected/actual comparison. 
The system displays the applied control voltage and 
the resulting output frequency during the test. If 
an oscillator fails one of the tests, the screen displays 
a failure indication. The operator has the option to 
retest or step through the voltage levels one by one 
under his or her own control. The system also lets 
the operator print out voltage-frequency character­
istics. 

For interested reader.s, MF Electronics will pro­
vide the test program on a 51/4-in. disk along with 
a user manual for no charge. For more information, 
contact Marty Finkelstein at (914) 576-6570. 
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On a pre-meeting run outside 

Bangkok, you'll find some uncommon 
jogging companions. 

You're on the fast track in Thailand. 
And United got you there. 

United gives you more nonstops to 
Asia and the Pacific than any other airline. 
And each one provides the best in 
international travel, including, in First 
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Crystal oscillators 

Analog TCOs use a temperature­
sensitive, custom-tailored compen­
sation network to tune the oscillator 
just enough to offset the uncompen­
sated frequency change with tem­
perature. The result is that the net 
oscillator stability is much better 
than that of simple crystal oscilla­
tors and VCOs. Standard compen­
sation techniques can achieve sta­
bilities of ± 2 ppm over the - 30 
to + 85°C range. As with OCOs, 
stability figures for TCOs are even 
better over narrower temperature 
ranges. Unlike OCOs, you can 
power a TCO with a single supply 
without running into problems. 

Small size and low power consumption are key features of KDS America's DOC-491492 
oscillators. Offering outputs of0.156 to 20 MHz, the units measure 11 X5X4.5 mm and 
consume less than 25 mW. 

These TCOs employ analog 
schemes to develop temperature 
compensation. However, you can 
also find TCOs that use digital tech­
niques to provide temperature com­
pensation. These digitally compen­
sated crystal oscillators (DCOs) 
have excellent stability figures but 
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Put the source where it's needed 
As pc boards and bus interfaces run at increasingly 
higher clock frequencies, handling high-frequency 
clocks becomes more difficult. The problems associ­
ated with routing high frequencies across a densely 
populated pc board include noise, harmonics, signal 
loss, and routing crosstalk. The ICD2031 family of 
satellite oscillators from IC Designs lets designers 
avoid these problems by placing a high-frequency 
clock source next to each device that requires it, 
much as designers now use bypass capacitors. 

The Sbus low-frequency reference clock typically 
routes a 1-MHz signal to each satellite oscillator. 
Each ICD2031 synthesizes a synchronous high­
speed clock signal from this Sbus input. The high­
frequency signal thus occurs only at the point of 
use. This scheme keeps high-frequency traces to a 
minimum, which reduces the radiation of spurious 
high-energy harmonics. 

You can use the Sbus to route the low-frequency 
reference throughout the system, including through 
the primary board and any peripheral boards. What­
ever the situation, all satellite clocks are synchro-

nized to the reference. The Sbus clock should be low 
enough in frequency to minimize routing problems. 
It does not necessarily have be set at 1 MHz, but 
IC Designs recommends this frequency as a good 
compromise value. 

The ICD2031 uses a phased-locked-loop topology. 
The external input frequency from the Sbus refer­
ence goes into a divide-by-N block. The resulting 
signal becomes the reference frequency for the 
phase-locked loop. 

The phase-locked-loop phase matches the refer­
ence signal and the synthesized signal. The system 
averages zero phase error between the negative 
edges arriving at the phase detector. The phase 
error at the charge pump tells the VCO to go faster 
or slower. The variable frequency eventually locks 
onto the reference frequency and provides a stable 
high-frequency output oscillation. 

The parts are available in 12 versions with fre­
quency values of 10 to 80 MHz. Prices start at $2 
(100) for a 10-MHz device. 
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Up To 
&DO Watts 
Per Inch 
Our expanding family of compact, configurable, power systems combine the 
flexibility of a custom supply with the availability of standard catalog products 
. . . in low profile , compact packages that let you pack the most power into the 
least amount of space. And they meet the specialized input voltage, noise and 
transient requirements of major worldwide markets. Think of them as a universal 
solution for most of your system power requirements . .. AC or DC input . . . in 
computer, telecom or vehicular applications . .. up to 600 Watts. 
FlatPAC '" is the industry benchmark for power density in off-line applications. 
And now, ComPAC'" sets the standard for DC input supplies ... in a package 
less than one inch tall! Both offer unprecedented flexibility in configuration along 
with instant availability ... in a fraction of the space required by conventional 
switchers. Just define your requirements ... we utilize our high frequency, high 
power-density converters to quickly configure a FlatPAC or ComPAC specific to 
your needs. 
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FlllNC'" 
M:qiut 

11b/220VAC 
1, 2, or3 

2to95vOC-
- --

Up to roJ Watts 
-- 137' -

FCC Part 15, Ciass-A­

VDE 0871, Class A 
IEEE Std 587 -1980 
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You benefit from the proven field performance, high efficiency and inherently high 
reliability of our component-level power converters , without sacrificing any of the 
features you need: off-line inputs for worldwide application; nominal DC inputs 

ColllNC"' 
DC lnput 
24, 28, 48, 270, 300 voe 
1, 2, cr-3 
2to95Voc 
Up ~o ro}watts 
1' 
l3elme (24/48 0-
British Telecan (24/ 48 1/) 
FCCNDE, Class A (300 VJ 
MIL-STD-461 C (2&'270 VJ 
Mll-ST0-704A 

from 24 to 300 VDC; surge limiting ; safety agency 
recognition; EMl/RFI to FCCNDE, British Telecom, 
Bellcore or MIL-STD-461 ; totally isolated and trim­
mable outputs; AC OK and DC OK status signals 
... and more. 

You don't have to choose between costly and risky 
custom development or bulky catalog supplies. Call 
us to discuss FlatPAC and ComPAC ... the new 
standards that make customs obsolete. 

Does your power supply measure up? 
Call v1coR E:CPPE.r.r for a free ruler 
at 1-800-735-6200 or 508-470-2900 at ext. 265 

VICOR , Component Solutions For Your Power System 
~ 23Frontage Road,Andover, MA 01 810 

Common Stock Traded on NASDAQ under "VICA" 
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are somewhat larger in size than 
are TCOs. High-stability DCOs are 
more expensive than similar TCOs. 

Digital compensation techniques 
fall into two general categories-di­
rect and indirect. In the direct ap­
proach, a varactor diode located in 
a feedback loop electronically tunes 
the oscillator's frequency. Internal 
circuitry generates a compensating 
voltage. This voltage tracks the 
characteristic frequency-versus-tem­
perature drift of the crystal and 
pulls the oscillator output back to 
nominal frequency over the speci­
fied operating range. 

In the indirect approach, the os­
cillator runs at its natural fre­
quency, regardless of the tempera­
ture. Digital circuitry develops the 

compensating output by subtract­
ing as many oscillator pulses as is 
necessary to stabilize the output 
frequency as the temperature 
changes. The indirect approach can 
also lock a PLL to the crystal fre­
quency and develop stabilization by 
digitally varying the division rate 
in the PLL feedback loop. 

The indirect approach results in 
better long-term stability perform­
ance, but such design schemes are 
complex. Direct digital compensa­
tion schemes are less complex and, 
therefore, more reliable. In addi­
tion, direct approaches are compat­
ible with oscillator circuits that 
have been employed in TCOs over 
the years. 

For these reasons, Murata Erie 

For more information ... 

Featuring 3-state outputs over the 0.5- to 
40-MHz range, SQ Series oscillators from 
Pletronics are housed in 4-pin miniature 
DIPs. The devices are available with output 
stabilities of 0.005 to 0.1%. 

For more information on the crystal oscillators discussed in this article, circle the appropriate numbers on the 
Information Retrieval Service card or use ED N's Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 
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AT&T Microelectronics 
555 Union Blvd 
Allentown, PA 18103 
(215) 439-6011 
Circle No. 700 

Bliley Electric Co 
Box 3428 
Erie, PA 16508 
(814) 838-3571 
FAX (814) 833-2712 
Circle No. 701 

Connor-Winfield Corp 
1865 Selmarten Rd 
Aurora, IL 60505 
(708) 851-4722 
FAX (708) 851-5040 
Circle No. 702 

Hybrids International Ltd 
311 N Lindenwood Dr 
Olathe, KS 66062 
(913) 764-6400 
FAX 4913) 764-6409 
Circle No. 703 

VOTE ... 

IC Designs 
12020 113th Ave NE 
Kirkland, WA 98034 
(206) 821-9202 
FAX (206) 823-8898 
Circle No. 704 

K&L Oscillatek 
620 N Lindenwood Dr 
Olathe, KS 66062 
(913) 829-1777 
FAX (913) 829-3505 
Circle No. 705 

KDSAmerica 
10901 Granada Ln 
Overland Park, KS 66211 
(913) 491-6825 
FAX (913) 491-6812 
Circle No. 706 

MF Electronics Corp 
10 Commerce Dr 
New Rochelle, NY 10801 
(914) 576-6570 
FAX (914) 576-6204 
Circle No. 707 

M-tron Industries Inc 
Box 630 
Yankton , SD 57078 
(605) 665-9321 
FAX (605) 665-1709 
Circle No. 708 

Murata Erie NA 
1900 W College Ave 
State College, PA 16801 
(814) 237-1431 
FAX (814) 238-0490 
Circle No. 709 

NEL Frequency Controls Inc 
357 Beloit St 
Burlington, WI 53105 
(414) 763-3591 
FAX (414) 763-2881 
Circle No. 710 

Piezo Technology Inc 
Box 547859 
Orlando, FL 32854 
(407) 298-2000 
FAX (407) 293-2979 
Circle No. 71'1 

Please also use the Information Retrieval Service card to rate this article (circle one): 
High Interest 506 Medium Interest 507 Low Interest 508 

Pletronics Inc 
9026 Roosevelt Way NE 
Seattle, WA 98115 
(206) 523-9395 
FAX (206) 525-2350 
Circle No. 712 

Vectron Laboratories Inc 
166 Glover Ave 
Norwalk, CT 06850 
(203)853-4433 
FAX (203) 849-1423 
Circle No. 713 
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~provides all 
your end-to-end transmission 

solutions with our full line 
of fiber optic, copper cable 

and connecting components. 
If your regular route just isn't getting you 
there, make a right turn. A1&T has the 
connections you need. 

Like data cable, composite fiber/copper 
cable and optical cable and fiber. 
Connecting components like ST® 
connectors and FDDI jumpers. 110 
connecting blocks. Splicing and test 
equipment. Plus, tactical fiber assemblies 
for harsh environments. 

Everything you need in copper and 
fiber optics for the transmission of voice, 
data, image and remote sensing. In both 
network and component solutions. For 
present and future needs. 

But when you 
buy even just 
oneA1&T 
component, 
you're getting 
more than just a 
"part'.' 

You're getting --------­
over 100 years of XI&T cable and 
apparatus manufacturing and 
development experience. Plus the design 
expertise of A1&T Bell Laboratories. 

So take the route you know will make 
all your connections. A1&TJust give us a 
call at1800 372-2447, ext. 585. 
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DIGITALLY COMPENSATED 

Toyocom's digital TCXOs deliver unexcelled value in crystal 
oscillators. Frequency stability of ± 1.0 ppm /-30° to 80°C. gives 
you custom oscillator performance at standard 
product prices. 

And we compensate for temperature variation 
so you 're sure to maintain maximum stability. No 
warm-up required. 

Small size package (0.1 in3) for fixed or port­
able applications. 

ACTUAL SIZE 

To find out how we can match your application call us today. 

1-800-TOYOCOM 

TO YOCOM 
617 E. Golf Road .• Arlington Heights, IL 60005 
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UPDATE 

Crystal oscillators 
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When high output stability is the prime 
parameter, ovenized crystal oscillators pro­
vide the necessary performance. Type N60B 
units from Bliley are available with outputs 
of 5 to 15 MHz and f eature stabilities of 
± 5 x 10·" ppm over the O to 50"C operating 
range. 

uses the direct approach in its Se­
ries DC 2210 and 2200 families of 

1---------------------- ---- ---------1 DCOs. DC 2210 devices offer out­

- Clwlnel lo a - of 11111 
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puts of 10 to 25 MHz. Frequency 
stabilities vary with the operating­
temperature range. Model 2210 has 
a stability figure of ± 1 ppm over 
the - 40 to + 85°C range. Model 
2213 has a ± 0.2 ppm stability fig­
ure over the 0 to 50°C range. 
Housed in a 0. 79 x 0. 79 x 0.45-in. 
package, these oscillators cost $60 
to $70 (1000). 

Units in the DC 2200 series ($200 
(1000)) have outputs ranging from 
0.1 to 22 MHz. Housed in a 2 x 
2 x 0.5-in. package, these DCOs 
have some impressive output char­
acteristics. Model 2201, for exam­
ple, maintains the oscillator output 
frequency within ± 0.2 ppm over 
the - 40 to + 85°C range. For less 
demanding applications, Model 2203 
stabilizes the output frequency to 
within ±0.05 ppm over the 0 to 
50°C operating range. EDN 

Article Interest Quotient 
(Circle One) 

High 506 Medium 507 I.ow 508 
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Ease-of-use + Power = 
Productivity 

In today's tough design 
environment, good engi­
neering tools aren't good 
enougn. You need the best 
to get the job done. 

OrCAD/SDT III offers 
the power 

SOT III comes with the op­
tions you'd expect to pay 
extra for 

• Completeness: A library 
of over 6100 parts that 
you can browse through 
ma breeze. Utilities to 
generate Bill-of-Materi­
als, Electrical rules 
check, create custom li­
brary parts. 

• Compatibility: Over 
thirty netlist 
formats, over 50 sup­
ported display adapters, 
over 50 prmter drivers, a 
dozen p1otter drivers. 
We conform to your 
system better than any­
one. 

• Complexity: 4000 + sheet 
design capacity for 
singfe designs. 200 + lev­
els of hierarchy. Great 
support for small, sim­
ple designs to large, com­
plex hierarchical sys­
tems. 

• Control: SOT III gives 
you the ability to cus­
tomize the work environ­
ment to make you more 
productive. This in­
cludes user definable 
macros, text/object sizes, 
sheet sizes, graphical 
object editor, even the 
colors on the screen . 

OrCAD/SDT III makes it 
easy 

The lightning fa st opera­
tion saves time . The intui­
tive, pop-up menu dis­
plays your most likely 
next action . This means a 
short learning curve and 
immediate productivity. 

Get our No-risk, Demo 
Disk 

Try before you buy. Get 
our free demonstration 
disk and see for yourself 
the solid performance SOT 
III has to offer. 

Once you've given our 
demo disk a spin, you'll 
know one of the reasons 
why OrCAO is the world's 
leading supplier of PC 
based CAE tools . 

All OrCAO products come 
complete with one full year 
of technical telephone sup­
port, free product updates 
and access to our 24hour 
BBS. 

OrCAD.~ 
3175 NW Aloclek Drive 
Hillsboro. Oregon 97124 
(503) 690-9881 

Call today for your FREE Demo Disk! 
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If you would like more informa­
tion about this or any other Or­
CAD product, contact your local 

OrCAD representative. 

I •• 

9. IN, O H , KY, WV, 
W. PA 

I. WA, O R, MT, 
ID, AK 
Seltech , Inc. 
(206)746-7970 

Frank J. Campisano 
(513)574-7111 

2. N . CA, Reno NV 10. VA, TN, NC, SC 
Elcor Associates Inc. Tingen Technical 
(408)980-8868 Sales 

(919)870-6670 

11. FL 
3. So . CA 

A D G 
(714)897·0319 High Tech Support 

(813) 855·5254 
4. Las Vegas, UT, AZ, 

NM, CO 
Tusar Corporation 
(602)998-3688 

12. MS, AL, GA 
Electro-Cad ct 
(404) 552-8613 

5. ND, SD, MN, W. WI 13. DE, MD, DC, E. PA, 
Comstrand, Inc. NJ, NY 
(612)788-9234 Beta Lambda, Inc. 

(201)446-1100 
6. NE, KS, IA, MO 

Walker Engineering I4. CT, RI , MA, VT, 
(913)888-0089 NH, ME 

DGA Associates 
7. TX, OK, AR, LA (617)935-3001 

Abcor, Inc. 
(713)486-9251 15. BC, AB, SK, MB 

lnterworld 
8. MI, E. WI, IL Electronics, Ltd . 

MacKellar Associates (604) 984-4171 
(3I3)335-4440 

16. ON, PQ & Maritimes 
Electralert , LTD. 
(416)475-6730 
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From Star Wars 



to Price Wars 

Our High Rel/Aerospace 

linear array experience is 

paying off for companies 

0 

05 

with high-volume. low-cost applications.''. 

Symbol Technologies is a good exan:iple. ' 

A tiny Raytheon instrumentation amplifier 

helped them combine both bar code scanner 

and decoder in a single. lightweight. handheld 

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

drop onto concrete. 

Symbol also took advantage of our Win-Win 

program. It let them get to market quickly with 

a semicustom array, then shift to full custom 

as sales volumes increased. 

Win-Win is fast. flexible. and makes good 

business sense because it eliminates the risk 

of getting into a full custom array before you 're 

really ready. 

Raytheon is committed to analog technology. 

From our design kits and engineering support 

to our fab and plastic assembly facility. We 

have the experience it takes to help you 

develop creative. cost effective solutions. 

Find out how. Call 1-800 722-7074 for 

our new analog brochure. 

Raytheon Company, Semiconductor Division. 

350 Ellis St .. Mountain View. CA 94039. 
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Raytheon 
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Order a CJIStom Board 
from CpBIT .. , 

80386SX Based PC/AT Co-Processor 
Board Custom Designed for 
Wizdom Systems 
Programmable Controller 

CUSTO 
INDUSTRIAL 
CONTROL COMPUTERS 
You work out the specs of the board level computer 
for your new system. You check the standard product 
catalogs, but find it takes three separate boards, and 
none has the special 1/0 circuit you need. 

Consider a custom board from Cubit. If you use 200 
or more boards per year, a custom board is often the 
low cost solution as well as the best technical fit. 

Cubit specializes in STD Bus, PC/AT Bus and single 
board (no bus) designs. We have over a decade of 
experience in design and manufacture of standard and 
custom board level computer products for industrial 
control applications. 

To find out exactly what it will cost and how long it will 
take , send us your specification for a free quote. 
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C BIT DIVISION 
OF 
PROTEUS -~ INDUSTRIES 

FOR CUSTOM DESIGN 
340 Pioneer Way 

Mountain View CA 94041-1577 
Telephone: (415) 962-8237 

FAX: (415) 965-9355 
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TECHNOLOGY UPDATE 

An unbalanced in­
put structure gives 

current-feedback 
op amps an edge 

in bandwidth, 
slew rates, and 
settling times. 

Bill Travis, 
Contributing Editor 
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HIGH-SPEED OP AMPs 

Current feedback 
revs up op amps 

I
f your application-for example, 
video or radar processing-talls 
for the highest possible band­
width or extremely speedy pulse 
response, chances are you'll de­

sign in one of the latest generation of 
current-feedback operational amplifiers. 
Compared with most classical voltage­
feedback types, today's current-feed­
back op amps offer considerably faster 
speed parameters. 

To use these amplifiers, though, you'll 
have to adjust your thinking about in­
put-biasing schemes. Their unbalanced­
input-impedance structure (low-Z in­
verting input, high-Z noninverting in­
put) eliminates input off­
set current as a de consid­
eration in your designs. 
Fig 1 gives two simplified 
representations of what 
the input structure looks 
like to driving sources. 

tween voltage-and current-feedback am­
plifiers. Negative feedback in a voltage­
f eedback device tends to reduce the dif­
ference between the two input-terminal 
voltages to zero. The error, or depar­
ture from a perfect OV difference, is a 
function of the open-loop voltage gain. 
In a current-feedback op amp, the nega­
tive feedback tends to reduce IIN in Fig 
lb to zero, and the error is a function 
of the amplifier's transresistance. CT in 
Fig lb is the transcapacitance of the cur­
rent-feedback op amp. The time con­
stant of the RTCT combination repre­
sents the open-loop amplifier's dominant 
pole. 

In Fig la, the invert­
ing input has a low-im­
pedance common-base 
configuration, and the 
noninverting input has 
the high-impedance com­
mon-emitter architecture 
found in classical voltage­
feedback amplifiers. The 
gain of a current-feed­
back op amp is a function 
of its transresistance: RT 
in Fib lb. This parameter 
is the ratio of the incre­
mental output voltage 
and the incremental in­
verting-input current. 

An analogue exists be-

Characterized for settling to 12-bit resolution, the AD9617 and 
AD9618 current-feedback op amps from Analog Devices offer an 
array of distortion and differential-gain and -phase specs for commu­
nications and video applications. 
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Table 1-Representative current-feedback op amps 
~. -

Small-signal 

J 
bandwidth Slew rate Settling time 

Manufacturer Model (MHz) ('//µ.See) (nsec) Package 

Analog Devices AD844 60typatAv=-1 1200 min 100 typ to 0.1% 8-pin DIP 
33typatAv=-10 2000typ 

AD9617 145 min at Av =+3 1100 min 15 max to 0.1% 8-pin DIP 
1400typ 23 max to 0.02% 

AD9618 130 min atAv=+10 1400 min 15 max to 0.1% 8-pin DIP 
23 max to 0.02% 

l Apex Mlcrotechnology WA01 80 typ at Av =-5 5000typ 20 typ to 0.1% T0-3 
J 

Burr-Brown OPA603 45minatAv=+2 1000typ 50 typ to 0.1% 8-pin DIP 

Comllnear CLC207 140 min at Av =+20 2000min 27 max to 0.1% T0-8 
30 max to 0.05% 

CLC232 200 min at Av =+2 2500min 17 max to 0.1% T0-8 

CLC402 130 min at Av =+2 500min 15 max to 0.1% 
25 max to 0.01% 8-pin DIP 
32maxto 
0.0025% 

CLC404 150 min at Av =+6 2000min 15 max to 0.2% 8-pin DIP 

CLC410 150 min at Av =+2 430 min 13 max to 0.1% 8-pinDIP 
15 max to 0.05% 

CLC502 100 min at Av= +2 500 min 15 max to 0.1% 8-pin DIP 
25 max to 0.01% 

CLC505 115 min atAv=+6 1200min 16 max to 0.05% 8-pin DIP 

CLC520 170minatAv=+10 2200typ 12 typ to 0.1% 14-pin DIP 
Elantec EL2030 110 typ at Av =+2 1200 min 40 typ to 0.25% 8-pin DIP 

2000typ 14-pin DIP 
20-pin Small-outline 
20-pad LCC 

EL2070 150 min at Av =+2 430 min 13 max to 0.1% 8-pin DIP 
15 max to 0.05% 8-pin Small-outline 

EL2090 75 min atAv=+2 600 typ 200 typ to 0.05% 14-pin DIP 
(internal S/H) 20-pin Small-outline 

EL2130 75 typ at Av =+2 625typ No spec 8-pinDIP 
20-pin Small-outline 
20-pad LCC 

Hanis Semiconductor HA-5004 100 typ at Av=+ 1 1200typ 50 typ to 0.1% 14-pin DIP 
J 20-pad LCC 

MS Kennedy MSK450 65typatAv=-1 2000typ 50typ to 1% 16-pin DIP 
(dual) 100 typ to 0.1% 28-pin Small-outline 

Ndonal Semiconductor LH4117 100 min at Av =+20 2500typ 9typto0.2% 24-pin DIP 

LH4118 200 min at Av =+2 2400min 2.5typ T0-8 
(rise time) 

Precision Monolithics OP-160 90 typ at Av =+1 1000 min 75 typ to 0.1% 8-pin DIP 
125 typ to 0.01% 20-pad LCC 

OP-260 90 typ at Av =+1 1000typ 250 typ to 0.1% 8-pin DIP 
(dual) T0-99 

16-pin Small-outline 
20-pad LCC 
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Price 
(100) 

$4.50 

$8.75 

$8.75 

$109.35 

$4.95 

$56 

$56 

$14.15 

$10.99 

$9.15 

$15.45 

$9.98 

$11.60 

$3.35 

$7.70 

$6.75 

$4.35 

$5.22 

$33 

$107 

$21.30 

$4.50 

$7.95 

EDN September 3, 1990 

TECHNOLOGY UPDATE 

Comments 
Specs include distortion and differential gain and phase 
at video frequencies. 

Optimized for gains from ± 1 to ±40. 
THD characterized over frequency. 

Optimized for gains from ±5/-1 to ± 100. 
THD characterized over frequency. 

Pin-compatible with industry-standard 3554. 
Supplies 400-mA output current. 

Supplies ± 10V to terminated 750 cables. 

Optimized for gains from +7/-1 to ±50. 
Low-distortion member of CLC20X Family. 

Optimized for gains from ± 1 to ±5. 
Low-distortion version of CLC231. 

Characterized for 14-bit settling. 
Pin-compatible with industry-standard CLC400. 

Characterized for differential gain and phase for video 
applications. 

Optimized for gains from ± 1 to ±8. 
Provides disable feature for video switching. 

Pin-compatible with industry-standard CLC400. 
Provides user-settable output clamping . 

Supply current is user programmable. 

Provides voltage-programmable gain control. 

Characterized for differential gain and phase for HDTV 
video applications. 

Characterized for HDTV video specs. 
Provides 200-nsec disable and enable. 

Contains S/H amplifier to correct de errors and 
eliminate hum in video systems. 

Lower-voltage version of EL2030. 
Characterized for HDTV video applications. 

Characterized for differential gain and phase for video 
applications. 

Offers precision de input characteristics. 

Has high-impedance FET at inverting input. 

Provides ± 100-mA output to 500 cable. 

Characterized for differential gain and phase for video 
applications. 

Consumes only 4.5 mA per amplifier. 

J 

J 

I 

! 

In practice, what really domi­
nates the amplifier's frequency re­
sponse is the time constant RFBCT, 
where RFB is the feedback resistor 
from the output to the inverting in­
put. As with a voltage-feedback am­
plifier, the ratio of RFB and the re­
sistance from the driving source to 
the inverting terminal determines 
the closed-loop gain. What's differ­
ent is that, in a current-feedback 
device, this ratio has a much smaller 
effect on the closed-loop bandwidth. 
In a voltage-feedback unit, for ex­
ample, the closed-loop bandwidth is 
inversely proportional to this ratio; 
in a current-feedback device, chang­
ing the ratio from 1:1 to 10:1 doesn't 
even halve the bandwidth. 

Table 1 lists the salient speed pa­
rameters of the latest generation of 
current-feedback op amps. The slew 
rates of these devices, for example, 
are many times higher than those 
obtainable from most voltage-feed­
back amplifiers. The common-base 
input structure of the current-feed­
back units is largely to blame for 
this disparity; in effect, the incre­
mental input current is the charging 
(slew) current for the first stage, 
as opposed to the collector bias cur­
rent in a voltage-feedback device. 

A number of devices in the table 
attain a slew rate of 2000V/µsec; 
Analog Devices' AD844 is one that 
achieves that rate. The amplifier, 
like most of the units discussed 
here, lists differential gain and 
phase in its spec sheet. These pa­
rameters, important in video appli­
cations, are an indication of the 
variation in gain and phase of a de­
vice's transfer function (at a given 
video frequency) over a span of in­
put voltages. 

The AD844 also gives total har­
monic distortion (THD = 0. 005% 
typ) at 100 kHz. Other units in 
Table 1 that specify THD are Har­
ris Semiconductor's HA-5004, MS 
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Kennedy's MSK450, and Precision 
Monolithics' OP-160. Distortion fig­
ures for the remainder of the de­
vices are more specific-the data 
sheets specify second- and third­
harmonic distortion in dBc units. 

Several op amps from Comlinear, 
the industry's pioneer in the devel­
opment of current-feedback amplifi­
ers, meet the ::::=2000V/µsec slew­
rate criterion. Models CLC207 and 
CLC232, for example, are improved 
versions of the company's earlier 
CLC200-Series devices. The 
CLC232's ± lOV, ± 100-mA output 
capability allows the unit to drive 
a double-terminated 500 line di­
rectly. 

Other fast-slewing (::::::2000V/µsec) 
op amps that offer hefty output 
drive are Burr-Brown's OPA603 
( ± 150 mA), National Semiconduc­
tor's LH4117 (±200 mA) and 
LH4118 ( ± 100 mA), and Apex Mi­
crotechnology's WAOl. The WAOl, 
packaged in a T0-3 metal can, is 
the fastest slewing (5000V /µsec) 
and highest power device ( ± 400 
mA) of the units in Table 1. 

Fast slewing is, of course, desir­
able in any application that requires 
quick level-to-level changes. One 
such application is output amplifica­
tion (or current-to-voltage conver­
sion) for a D/A converter. When 
high precision is required, however, 
speedy slewing alone is not enough. 
The amplifier's output must settle 
to within a prescribed error band 
in an acceptable interval. 

Most of the units in Table 1 spec­
ify settling time to an error band 
of ±0.1% or greater. You can't use 
these devices, with any confidence, 
in DIA-conversion applications en­
tailing a resolution of 12 bits or 
greater. One LSB (least significant 
bit) at 12 bits is about 0.024% of 
the full-scale output. 

To design an amplifier that set­
tles in a predictable manner to 
within ±0.02% is not an easy task. 
You have to consider not only pulse-

110 

related incremental parameters 
such as overshoot and ringing, but 
also the thermal characteristics of 
the amplifier. Heat from the output 
stage, coupled back to the input 
stages, can cause de drifts that re­
sult in a "thermal tail" at the out­
put. Careful and clever isothermal 
design is critical when creating pre­
cise-settling amplifiers. 

Two units from Analog Devices 
specify settling to within a ± 0. 02% 
error band. The AD9617 and 
AD9618 settle in 23 nsec max. Their 
unequivocal second- and third-har­
monic distortion specs, as well as 
their differential-gain and -phase 
specs, qualify them for a broad 
range of data-conversion and video-

+ 

(a) 

you to clamp the output swing to 
predetermined levels. 

Only one current-feedback op 
amp has features that qualify it for 
signal processing at a resolution 
greater than 12 bits. The CLC402 
guarantees 32-nsec max settling 
time to within a ±0.0025% error 
band. This performance qualifies 
the device for use in 14-bit data­
conversion systems. Specs for sec­
ond- and third-harmonic distortion, 
as well as differential gain and 
phase, round out the CLC402's suit­
ability for high-speed signal-pro­
cessing systems. 

Several of the devices covered in 
Table 1 furnish incremental im­
provements over earlier models; 

+ 

(b) 

Fig I-Unbalanced inputs characterize current-feedback op amps. The noninverting input 
(a) has a high-impedance, comrrwn-emitter con.figuration; the inverting input has a low­
impedance, common-base structure. The equivalent circuit in b shows the transresistance 
Rr and the transcapacitance Cr that determine the amplifier's transfer function. 

processing applications. 
Two recent units specify settling 

to within ±0.01%-approximately 
1/2 LSB at 12 bits. Precision Mono­
lithics' OP-160 settles to this level 
in 125 nsec typ. Another unit suit­
able for 12-bit processing is 
Comlinear's CLC502, which specs 
25-nsec max settling time to 
±0.01%. A bonus with the CLC502 
is a clamping feature, which allows 

others offer novel new features. 
The Elantec Model EL2030's 
2000V/µsec typical slew rate is 
quadruple that of the earlier 
EL2020. In addition, the EL2030's 
data sheet adds the valuable video 
parameters differential gain and 
phase. A lower voltage version of 
the ± 15V EL2030, Model EL2130, 
operates from ± 5V supplies with 
about a 50% compromise in speed. 
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MAGNET WIRE 

For specialty coil and motor windings. 

While product miniaturization allows less 
space for components, MWS MICROSQUARE 
film coated magnet wire lets you design 
compact coils and small motors that 
deliver more power in less space. 

MICROSQUARE means miniature square 
and rectangular copper and aluminum 
magnet wire. Custom produced in sizes 
sma//erthan 14 AWG or 3500 sq. mil. cross­
sectional area, MICROSQUARE is available 
in a wide range of solderable and high­
temperature insulations in a variety of col­
ors, with or without bondable overcoats. 

MICROSQUARE magnet wire was devel­
oped to provide improved winding uni­
formity and maximum use of space. When 
you're looking for options to meet the 
most demanding coil, small motor, or 
other special application requirements, 
without size limitations or quantity mini­
mums, take a good look at MICROSQUARE 
magnet wire. 

using round magnet wire. 

Illustration of cross-section ~ 
of typical coil winding 

II 
Illustration of cross-section 
of coil winding using 
M\.115 MICROSQUARE magnet wire. 
Note improved winding uniformity 
and maximum use of space. 

Call or write for your free copy of our 
Technical Data Booklet and Capabilities Bro­
chure. Both contain valuable information 
on all wire produced and 
inventoried by MWS Wire 
Industries. Samples of 
MICROSQUARE are avail-
able upon request. ,,,,_, _ _... 

Wire Industries 
31200 Cedar Valley Drive, Westlake Village, CA 91362 

CALL TOLL FREE 800 423-5097 
In California 800 992-8553. In L.A .. 818 991-8553 

CIRCLE NO. 50 MICROSQUARE is a trademark of MWS Wire lnduscnes 
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You might consider that it's origi­
nal to offer dual current-feedback 
op amps. MS Kennedy's MSK450 
and Precision Monolithics' OP-260 
both offer two independent op amps 
in 16- and 8-pin DIPs, respectively. 
A notable feature of the MSK450 
is its low offset voltage--50µ V typ. 
This unit and Analog Devices' 
AD844 (also 50 µ V typ) are the only 
ones to offer sub-100-µ V input off­
set-voltage specs; the others spec 
offsets from about 0.5 m V to several 
tens of millivolts. 
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The Model OP-260 dual device of­
fers laudable high-speed perform­
ance in light of its low operating 
current. Drawing only 4.5-mA sup­
ply current per amplifier section, 
the device slews at lOOOV/µsec typ. 
An obvious advantage of using dual 
op amps such as the MSK450 and 
the OP-260 is the inherent match 
in ac characteristics between the 
two sections. 

Low differential-gain and -phase errors characterize Elantec's EL2030. These figures are 
0.05% and 0.02", respectively, at 30-MHz HD'IV frequencies and 0.01 % and 0.01° for lower 
NTSC and PAL frequencies. 

Three of Comlinear's recent cur­
rent-feedback amplifiers incorpo­
rate some bells and whistles. The 
CLC410 ha:s a disable pin that al­
lows you to turn the amplifier on 
and off in 100 and 200 nsec, respec-

tively. This feature makes the de­
vice suitable for such applications 
as video switching and distribution. 

Model CLC505 allows you to pro­
gram its supply current over a 10:1 
range by use of a single external 

resistor. As always, speed perform­
ance is a function of supply current. 
For example, the device slews at 
800V/µsec at 1-mA supply current 
and 1700V/µsec at 9 mA. Voltage­
controlled gain is the claim to fame 
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For more information . .. 
For more information on the current-feedback op amps discussed in this article, circle the appropriate numbers on the 
Information Retrieval Service card or use ED N's Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 

Analog Devices Inc 
1 Technology Way 
Norwood, MA 02062 
(617) 329-4700 
FAX (617) 329-8703 
Circle No. 714 

Apex Microtechnology Corp 
5980 N Shannon Rd 
Tucson, AZ 85741 
(602) 742-8600 
FAX (602) 888-3329 
Circle No. 715 

Burr-Brown Corp 
Box 11400 
Tucson, AZ 85734 
(602) 746-1111 
FAX (602) 889-1510 
Circle No. 716 

Comlinear Corp 
4800 Wheaton Dr 
Fort Collins, CO 80525 
(303) 226-0500 
FAX (303) 226-0564 
Circle No. 717 

Elantec Inc 
1996 Tarob Ct 
Milpitas, CA 95035 
( 408) 945-1323 
FAX (408) 945-9305 
Circle No. 718 

Harris Semiconductor 
Box 883 
Melbourne, FL 32901 
(800) 442-7747 
Circle No. 719 

Linear Technology Corp 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
FAX (408) 434-0507 
Circle No. 720 

MS Kennedy Corp 
8170 Thompson Rd 
Clay, NY 13041 
(315) 699-9201 
FAX (315) 699-8023 
Circle No. 721 

VCYI'E ... 

Nat ional Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95052 
(408) 721-5000 
Circle No. 722 

Precision Monolithics Inc 
I 500 Space Park Dr 
Santa Clara, CA 95052 
(408) 727-9222 
FAX (408) 727-1550 
Circle No. 723 

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

High Interest 500 Medium Interest 501 Low Interest 502 
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With this Ethernet chip set, your competitors 
will SW"ear you took a shortcut. 

The shortest route to market begins with our three-chip 
set- the EtherStar™ controller, encoder/ decoder, 
and transceiver- from Fujitsu's Advanced Prod­
ucts Division. 

We've engineered this Ethernet set to offer you 
unparalleled ease of design. With our 
expert design support and optional 
manufacturing kit, you have everything 
you need to get new products out in 
record time. 

EtherStar's unique buffer manager 
automatically controls buffer memory 
access and allocation, making application 
software easier to develop. And EtherStar handles many 
functions usually performed by the software driver in hard­
ware- boosting system performance. No wonder official 
Novell certification tests show that products based on our 
chip set have higher data-transfer rates. 

Unlike some of our competitors, we can supply you 
with complete system solutions, including interface 
chips for standard bus architectures. And we don't 
compete with you by selling boards. 

As Fujitsu's American arm, we're 
in close touch 
with your market­
place and what 
you need to excel 

NOVELL LABS 
AUTHORIZED 

TESTED AND 
APPROVED 
NetWare Compohbl~ 

there. So call us at 1-800-866-8608. 
Learn about the family of high­

performance Ethernet solutions 
from Fujitsu's Advanced 

Products Division. 
And take the 

shortest, smartest 
pathway to Ethernet 
success. 

cP 
FUJITSU 

EtherStar is a trademark of Fujitsu Microelectronics, Inc.© 1990 Fujitsu Microelectronics, Inc. 

FUJITSU MICROELECTRONICS. INC., Advanced Products Division, 50 Rio Robles, San Jose, CA 95134-1806. 
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HOT0RCOLD. •• 

... Our TCXO's stay put. 
Murata Erie, with over 40 years of experience in the manufacture 

of crystal oscillators, has industry's broadest line of Temperature 
Compensated Crystal Oscillators .. . from the highest quality/reliability 
designs to extremely low cost commercial units. 

What's more, we cover the frequency spectrum like no one else ... 
500 KHz to 500 MHz. This range, combined with our wide variety 
of package configurations and output selections, means that we have 
a TCXO to meet virtually every applications requirement. 

If you would like to find out how Murata Erie's rock-solid TCXO's 
can provide you with a frequency source that you can count on when 
the going gets rough, get our complete technical literature. Write to 
Murata Erie North America, 1900 West College Avenue, 
State College, PA 16801 or .-E- Ri_®_E__,I ® 
call 1-800-831-9172. If you 
need technical or application 
assistance, call 814-237-1431. MURATA ERIE NORTH AMERICA 

UPDATE 

High-speed op amps 

of Comlinear's CLC520. A voltage 
applied to its gain-control input var­
ies the gain over a >40-dB range. 
Thanks to the gain control's 100-
MHz bandwidth, you can use the 
amplifier in wideband AGC applica­
tions. 

Like Comlinear's CLC410, Elan­
tec's pin- and spec-compatible 
EL2070 has a disable/enable fea­
ture. Intended for video applica­
tions, the Model EL2090 contains 
a S/H amplifier for de restoration. 
You can use the S/H section to null 
the de offset of a video system. Once 
per video line (during the back­
porch interval), the S/H amplifier 
compares the output level of the 
amplifier against a de-clamp refer­
ence at the S/H input. The S/H am­
plifier stores the correction voltage 
needed to offset the back porch to 
the clamp level. 

The amplifiers discussed here use 
both monolithic and multichip-hy­
brid construction. The monolithic 
devices owe their existence to the 
development of high-speed comple­
mentary-bipolar processes, which 
make it possible to produce fully 
vertical pnp transistors whose 
speed is almost comparable to that 
of npn devices. As this semiconduc­
tor process evolves, you can expect 
many more, and much faster, cur­
rent-feedback amplifiers to appear 
in the years to come. As an exam­
ple, Linear Technology Corp is join-

CIRCLE NO. 9 ing the current-feedback fray with 
--,;;;;;;;;;;;;;;;;;;;~~~;;;;;;;;;;;;;;;;;;;;iiiiiiiiiiiiiiii~ its LT1223, which is slated for sam-

DID YOU KNOW? 
Half of all EDN's 

articles are staff.-written. 

pling this month. Though its specs 
were too tentative at the time of 
writing to allow including the de­
vice in Table 1, it's projected to 
slew at approximately lOOOV/µsec 
and settle to within ± 0.1 % in about 
75 nsec. EDN 

Article Interest Quotient 
(Circle One) 

High 500 Medium 501 Low 502 
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The ENHANCED SCC. Smoother operation. 
Super CPU performance. Same socket. 

Introducing Zilog's Z851 3 0 ~ the enhanced serial 
communication controller (ESCC) that significantly 
reduces your CPU overhead, gives you new deep FIFOs, 
and offers plenty of SOLC support for your 16 and 20 
MHz applications. And it 's pin and function compatible 

Enhanced SDLC Support 
.n; some exciting news for 

7be Z851~~ot:::,, away tbe necessity of 
SDLC users. ~ nds by making a lot of tbe 
external comma . tbat means your CPU 
Juncfions automattc.And. l ble time attend-
tJoeSn't bave to be spending va ua 
;ng to tbe link layer. .r tbe SDLC enhancements to 

Here are some DJ 

;mprove Ii"!' layer s:~::of tbe opening.flag h 
• Automatic transm 't untterrunl EOM late 

tie reset of transmi 
• Aut~ ,r"""'pin after closing.flag 
• J)eaetwation OJ,.," . 
• ComPlete CR~ r;:;t:automatically forced. high 

with NRZl encoding when using 

kidle ma~ . ention or acknowl-
• No CPU interV SDLC frames 

ed.'"""1P.flt needed betwe~ tock d 
.s~···--- t matically un e 

• Receive FJ_FO ~u :!_,hts when using tbe 
for special receive inf.,,• ""Y 

SDLC status FIFO 

to the Zilog CMOS and NMOS SCCs you may already be 
using. 
Deep FIFOs improve CPU performance. 

The ESCC gives you a 4-byte deep transmit FIFO, 
an 8-byte deep receive FIFO, with programmable FIFO 
interrupt and a OMA request level. Since you're 
manipulating the data in byte strings, you don 't have 
to attend to it as often. This, combined with other 
features that simplify the CPU interface , means a lot 
better utilization of CPU horsepower. 
Improved status and timing. 

The low-power CMOS ESCC is designed fo r 16 
and 20 MHz CPUs. It also gives you improved databus 
timing, 2 Mb/S with OPLL and faster interrupt response. 
OMA timing is the same for transmit and receive. And 
you can now read WR3, 4, 5 and 10. 
Built-in quality and reliability. 

The ESCC comes to you off-the-shelf, with all 
the advantages of Zilog's Superintegration ™ technology. 
And it's backed by the proven quality and reliability 
that have come to characterize everything we make. 

To find out more about the ESCC or any of Zilog's 
rapidly growing family of Superintegration products, 
contact your local Zilog sales office or your authorized 
distributor today. Zilog, Inc., 210 Hacienda Ave., 
Campbell, CA 95008, (408) 370-8000. 

Right product. Right price. Right away. Zilffi 
ZIWG SALf.S OfFICf.S: CA (4-08) 370·8120, (714) 838·7800, (818) 707-2160, CO (303) 494·2905, FL (813) 585-2533, GA (404) 448·9370, IL (312) 517·8080, NH (603) 888·8590, MN (612) 831·7611 , 
NJ (201) 382-5700, OH (216) 447·1480, PA (215) 653-0230, TX (214) 987-9987, 'IVA (206) 523-3591, CANADA Turonto (416) 673·0634, UNITED KINGDOM Maidenhead (44) (628) 39200, 'IV. GERMANY 
Munich (49) (89) 672045, JAPAN Tukyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723·8979, KOllEA (82) (2) 552-5401, TAl'IVAN (886) (2) 741·3125, SINGAPORE 65·235 7155, 
DISTRIBUTORS: U.S. Anthem Electronics, Hall -Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN 
AMElllCA A'l!entina-Yel..( I) 46·2211, Brazil- Digibyte (Oil) 58H945, Se miconductores Profesionales (5) 536·1312. 
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NETWORl<ING 

FOOi, TOKEN-RING AND ETHERNET 
COMMUNICATIONS 
Thf nef'd to nf'twork has nf'ver been greater. Diverse processing 
platfmms, distributed architectures. cl1enl-seNer, departmental and 
workgroup environments ail contribute to increased demands on the 
nervvork. System and network designers need a proven source of 
tf'chnoloqy solutions for the wide ranrie o f networking and 
communication application probiems they face. 
lnterpha5f dC' l1vers those solutions 
FOOi, TOKEN-RING AND ETHERNET SOLUTIONS 
lnterphase has long led the industry 111 h1gh-pnformance VMEbus 
pC'riphrral controllers, and that same leadership 1s now evident in 
netwmking node controllers lnterphase has FDDI, Token-Ring and 
Ethernet solutions for v1rtualiy any VMEbus system application 
challeng-

PROVEN FOOi SPEED AND INTELLIGEN CE 
lnterphase·s FDDI 100 Mb/s o ffennqs are a loq1 -al hoice for the 
industry Thf' V/FDDI 3 i I Fal -on received UmxWorld magazine's 
Product n f thP Year des1gnat1on and w as the industry's first 6U 
VMEbus FOOi solution lntPrphase's newest FDDI product is the 
V/FDDI 4211 Pf'regnnf' a RISC-based high performance node con­
troller capabif' of link level operation or on-board protocol processing. 
Th Peregrine provides single or dual attach configurations, with 
SMT (Station Management Software) running on-board, all in one 6U 
VM slot. 
TOKEN-RING RESULTS 
Thf' V1Token-Ring 4212 Owl 1s an ultrafast Token-Ring node controller 
based on the part1t1011ed arch1tectur of lnterphase's proven Eagle 
class of controllers. The Ovvi fa 1l1tatf'S onnect1v1ty of UNIX® systems, 
work-tations. suprrrnrnputns or any other VMEbus system into 
an IBM® environment using IEEE 802 S Token-Ring. This multiple 
procPssor design provides an elegcint queued interface to the system 
supporting IEEE 802.2 LLC, and d flexible 4 or 16 Mbit interface to the 
Token-Ring network. 
ETHERNET CHOICES 
intPrphase also offers two Ethernet d sign options. The V/Ethernet 
4207 agle 32-bit p1otocol platform 1s the high-performance stan­
dard for the industry and offprs on-board TCP/IP support. The 
V/Ethernet 3207 Hawk 1s designed spec1f1ca lly for cost-sensitive 
VMEbus appl1cat1ons 
GET YOUR NET WORKING NOW 
No matter what your networking need - FDDI, Token-Ring or Ethernet 
- lnterphase 1s ready to provide the solution. For more information 
all today . C\\\ 

(214) 919-9000 \\. -)~ 

.+ ... /NT~RPHASE ,, r\~~c:J ,..,.."' ••Y C 0 R r 0 R / T I O • . 
1 
~~·~•'" 

OPEN j;y5' MS CONTROLLERS • \ ~~ (,']. 

Disk • Tape • Networking ~ 

13800 Senlac • Dallas, Texas 75234 • (214) 919-9000 • FAX. (214) 919-9200 • NASDAQ-NMS:INPH 
lnterphasE lnternaiir-nai 

Ast;ai House Gcanville 'vVay • Bir.estec Oxor OX6 OJT • (01144) 869-3212:'2 • ~AX (01144) 869-247720 
© 1990 inteiphasG Corporation. lnterphasP is a •P.pislered trademark of lnterphas6 Corcmauon Ooer, Svs1ems Controllers 1s a trademark of 

lnterphase Corporation Srecifications suh1er:110 ~harige withoui noti<:e. UNIX is a registered trademark of AT&T 1n the Urnted States and other 
countries IBM is a registered trademark of International Business Machmes 
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PRODUCT UPDATE 

Real-time operating system links Unix with 
transparent support for standard networks 

Real-time system software from 
Ready Systems Corp, called VRTX­
velocity 2.3, gives users access to 
the broad range of powerful soft­
ware-development tools for Unix. 
Support for network standards such 
as TCP/IP (transmission control 
protocol/internet protocol) and NFS 
(network file system) transparently 
interfaces VRTX-based target hard­
ware to Unix-based Sun worksta­
tions. The network capabilities sim­
plify the development of 680XO­
based targets and are suitable for 
use in distributed real-time sys­
tems. 

The real-time multitasking ker­
nel, VRTX32, forms the basis of the 
software product. VRTX32 in­
cludes features such as pre-emptive 
priority-based task scheduling, in­
terprocess communications, syn­
chronization facilities, and sema­
phores. The target-based kernel 
guarantees a maximum interrupt la­
tency of 10 µsecs-one wait state 
on a 25-MHz 68020 µP. The kernel 
also implements all system services 
such as queues, mailboxes, and 
global event flags at the kernel level 
rather than depending solely on 
semaphores for task synchroniza­
tion. 

The real-time operating system, 
VRTX/OS, adds features such as a 
file-management system and serial 
I/O to the VRTX32 kernel. Real­
time targets, such as a data-acquisi­
tion system, increasingly demand a 
fast full-featured file system. This 
operating system also includes a 
portable re-entrant C runtime li­
brary, loosely coupled multiproces­
sor support, and support for stan­
dard networks. 

The software's network-manage­
ment services transparently inte­
grate VRTX/OS with a Unix host. 
Release 2.3 includes support for 
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Network management services included in this real-time system software aUow you to 
control real-time targets with standard Unix commands from Sun workstations. 
VRTXvelocity 2.3 integrates the Unix and target file systems using NFS and can interface 
with other network standards such as TCP/IP and BSD Sockets. 

Sun workstations, and the company 
plans to offer packages for other 
Unix systems. In addition, Ready 
plans to offer versions for X-Win­
dows in the future, making Ready 
able to port the software easily 
among Unix systems. 

The network management serv­
ices include TCP/IP-an industry­
standard full-duplex network com­
munications protocol. The software 
also supports the BSD Sockets pro­
gramming interface, and the user 
can specify stream sockets or da­
tagram sockets. A set of library 
routines support RPC (remote pro­
cedure calls) and XDR (external 
data representation). Finally, the 
system incorporates Sun NFS and 
the Telnet virtual terminal facility. 

Users can work with the Sun host 
and the VRTX/OS target via the 
SUN display, keyboard, and mouse. 
For example, one window on the 
screen might include a Sun-based 
text editor for modifying source 
code. A second window might host 
a target-based debug session that 
the workstation views via the 
Telnet network terminal-emulation 
facility. This feature allows design-

ers to swap seamlessly between 
software development, compile, 
test, and debug. 

The user can view the file system 
of the Sun host and the target, and 
both appear as part of the standard 
NFS. The target software includes 
a command interpreter that allows 
you to control the target with stan­
dard Unix commands. Code com­
piled on the Unix system moves 
over the network to the target at 
a rate much faster than serial com­
munications would allow. 

The software system runs with 
a number of popular 680XO boards 
from Force, Heurikon, and Mo­
torola. The vendor supports the 
boards in board-support packages 
that include full documentation for 
using VRTX velocity with a particu­
lar target. The package costs 
$17, 500, and the company offers dis­
counts for multiple or site li­
censes.-Maury Wright 

Ready Systems Corp, Box 60217, 
Sunnyvale, CA 94086. Phone (800) 
228-1249; in CA, (408) 736-2600. 
FAX (408) 736-3400. 
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I 
Outof sight¢onnance! 

Introducing the Electroni­
cally Invisible Interconnect : 
transparent to high frequency 
signals, therefore eliminating 
connector 
induced 
signal 
distortion. 
Until now, 

through Ell is maintained 
because reflection, crosstalk, 
attenuation, signal skew, and 
rise-time degradation are 

reduced to absolute 
mm1mums. 

quality and innovation, is now 
setting a new standard of 
performance - the Electroni­
cally Invisible Interconnect. 
Outta' sight! 

the limiting EII achieves matched impedance 
of the connector to the backplane and 

This unprecedent­
ed performance is 
made possible by a 
unique flexible 
microstrip transmis­

mr,rn® Quality 
~ and Innovation factor for daughter card. 

signal integrity in high speed 
electronic circuits has been 
the connector. The source 
may be matched to the load, 
but an impedance mismatch 
at the connector degrades 
performance. Signal integrity 
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sion line structure with a Augat Inc., Interconnection 
continuous ground-plane as Products Division 
the major signal path through 33 Perry Ave., P.O. Box 779, 
the Electronically I[ll'nv:is~ib~le!!=s;aifj Attleboro, MA 02703 
Interconnect. ... (508) 222-2202 
Augat, the com- FAX: (508) 222-0693 
pany known for 
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READERS' CHOICE 

0 fall the new 
products cov­
ered in EDN's 

May 24, 1990, issue, the 
ones reprinted here gen­
erated the most reader 
requests for additional in­
formation. If you missed 
them the first time, find 
out what makes them 
special: Just circle the ap­
propriate numbers on the 
Information Retrieval 
Service card, use EDN's 
Express Request serv­
ice, or refer to the indi­
cated pages in our May 
24, 1990, issue. 

5V Flash EEPROM • 
The TMS29F256 flash 
EEPROM combines the 
electrical alterability of 
byte-erasable EEPROMs 
with the density and low 
cost of EPROMs. This 
256K-bit device uses a 
single 5V power supply 
for program, erasure, 
and read options. Pinout 
is compatible with stan­
dard 256k-bit devices 
(pg 198). 
Texas Instruments. 
Circle No. 802 
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CAE Menu System 
The Intelligent Menu 
System software package 
lets you control all of the 
OrCAD CAE tools from 
within a system of pop-up 
menus. The system can 
automatically generate 
long DOS command 
strings and lets you edit 
or repeat the strings with 
a mouse. The system is 
hardware independent 
and uses no RAM work­
ing space. It also adds 
new facilities such as a 
file viewer, an editor, a 
directory manager, and a 
stuff-filer maker, which 
automates the assign­
ment of package modules 
to schematic symbols 
(pg 229). 
Velotec. 
Circle No. 803 

PC Diagnostic Software 
QAPlus, a diagnostic 
software package, tests 
all of the subsystems usu­
ally found on IBM PC­
compatible computers 
and PS/2 series ma­
chines. The menu-driven 
package provides both 
pass/fail information and 
more detailed data, in­
cluding performance lev­
els. It can log test results 
to a hard-copy output de­
vice or to a disk file 
(pg 236). 
DiagSoft Inc. 
Circle No. 804 

Voice-Recognition System • 
Creating text at 30 to 40 
wpm, the DragonDictate 
system recognizes words 
that are less than 5 sec 
in duration and separated 
from the next word by a 
0.25-sec pause. The soft­
ware contains 25,000 
commonly used words 
and lets you define edit­
ing commands and 5000 

Impedance-Matched • 
Connector 
Supplying a high-density 
array of controlled-im­
pedance signal lines .and 
power lines in a modular 
assembly, this electroni­
cally invisible intercon­
nect connector handles 
signals with rise times as 
fast as 35psec. The sur­
face-mount connector 
supplies as many as 80 
signal lines/in. of connec-

addit ional words. Using 
acoustic word models to 
identify sounds and sta­
t istical language models 
to establish the likelihood 
of a word in a given con­
text, the system can up­
date information on your 
speech pattern (pg 105). 
Dragon Systems Inc. 
Circle No. 805 

Ot 
0 

tor length. The device's 
flexible circuit has a char­
acteristic impedance of 
500 ( ± 10%) and supplies 
a ground plane that re­
duces crosstalk to - 40 
dB for 500-mV, 100-MHz 
signals with a 900-psec 
rise time (pg 106). 
Augat Inc. 
Circle No. 806 
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7:0SOM:lreakfast 
Suddenly, between bites, 

the answer to that new system 
design jumps right into your 

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

120 

8:50 Giii: Design 
You worm up the design 

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

simulation with the Action 
Logic System software. 

• uct10 

11:00a111:Place & Route 
You watch the system place 

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

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

12:00pm:lunch 
Remember lunch? Normal 

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

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

They're a feast for your 
imagination. 

Actel's ACT™ 1 

ACTELFIELD 
PROGRAMMABLE 

GATE ARRAYS 
arrays bring you a com­

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

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

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

How? With features like 85% gate 
utilization. Guaranteed. Plus 100% automatic 
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l:ISpm:Progrom 
You load the Activator"' 

programming module with a 
2000-gate ACT 1020 chip and 

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

design becomes a reality. 

1:2Spm:Test 
You do a complete, 

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

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

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

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

4:00 pm: Production 
Your pride and joy is 

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

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

something to do until 5:00. 

6:00 pm: Dinner 
Remember dinner? Normal 

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

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

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

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

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

It could 
make your 
whole day. 

© 1989 by Actttt Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, Activator, Arnonprobe and PUCE ore trademarks of Actel Corp. PAL is a registef'ed trodemork of AMO Corp. LCA is a hodemorit of Xilinx Corp. Viewlogic is a 
tmdemork of Viewlogic Systems, Inc. OrCAD is o tfademork of OrCAO Systems, Inc. M entor is o trademark of Mentor Graphics Corp. 
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Whether you design, specify or manufacture, 
one discrete semiconductor source simplifies 
your decisions. And cuts your costs. It's Philips 
Components Discrete Products Division. 

We'll provide you with more than the 
broadest lineup of high-performance discrete 
semiconductors in all standard metal, plastic 
and glass packages. 

$ - , Surface Mount Switching Diodes & 
- • ~ ll Transistors • Bands witch & Varicap Diodes f· l ~ ~ Schottky Diodes • Rectifier Diodes 

I 1 Ill. Reference & Zener Diodes • Darlingtons .,.! ,; -• ' RF & Broadband Transistors • FETs 
i - Temperature Sensors 

Small Signal Switching Diodes & 

You can count on Philips Components to _ 
help you improve design-to-development effi- ~-::;:::;;---o;;:· ::::::;::;'11111"' 

Transistors • Bandswitch & 
Varicap Diodes • Schottky Diodes 

Reference & Zener Diodes • High 

ciency. To help you reduce time and costs­
with SPC,JIT, Ship-to-Stock, EDI, PPM. 

Philips Components 

~ Voltage Transistors • Darlingtons 
~~ FETs • RF & Broadband Transistors 

· ?" Optocouplers 
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Power Schottky Rectifiers 
Ultra-fast Recovery Rectifiers 

High Voltage Rectifiers & 
Transistors • Zeners • Thyristors 

Power MOSFETs • RF Power 
Transistors & Modules 

• Microwave Transistors 
• CATV Amplifier 

Modules 
M· 

For the broadest selection of discrete 
semiconductors-and cost-cutting ways to use 
them better-look no further than Philips 
Components. Call today for a catalog. 

1-800-44 7-3 762 
Philips Components 
Discrete Products Division 
2001 W. Blue Heron Boulevard 
P.O. Box 10330 
Riviera Beach, FL 33404 

More Products. More Solutions. 

PHILIPS 
CIRCLE NO. 56 123 



EON SPECIAL REPORT 

Fast-turnaround 
AS I Cs 

A disadvantage of mask-programmed ASICs is the lag between 
finishing the design and getting back the prototypes. Vendors 
are streamlining fabrication to get your ASICs in your hand 

before your prototyping schedule clock strikes twelve. 

Michael C Markowitz, Associate Editor 

A s an ASIC designer, you're 
stuck. Marketing people give 

you increasingly complex specifica­
tions to design and implement in 
less time. Often, these specs are 
either cast in Jello or incomplete. 
And with the perception of the im­
portance of trade-show product 
demonstrations and introductions, 
you've often got an immutable 
deadline. Worse, if your first cut 
at an ASIC has an error, then you 
must find the mistake and repeat 
the fabrication cycle. Don't tell your 
marketing folks-they'll likely try 
to steal the time for product defini­
tion-but help is on the way. ASIC 
vendors are trying to give you more 
design time by shrinking their fab­
rication cycles. 

ASICs come in many shapes and 
sizes. Obviously, your implementa­
tion choice depends on cost, but cost 
depends on several other factors: 
design density; complexity; per­
formance; volume. PLDs and 
FPGAs, in all their various forms, 
are most suitable for lower-density 
and lower-volume applications. 
Their programmability allows you 
to convert your schematic to work-
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ing silicon in a matter of minutes 
and to make design changes in 
hours. 

But if your design is dense and 
you expect high-volume production, 
you'll likely choose a masked-pro­
grammed ASIC. Array-based 
masked-programmed ASICs offer a 

balance between density and per­
formance for high-volume designs. 
Their preprocessing to the intercon­
nect stage reduces fabrication time 
once you sign off on the design. All­
level ASICs, such as cell-based and 
full-custom devices, trade higher 
densities and lower production 
costs for slower turnaround and 
higher prototyping costs. 

Array-based ASIC vendors have 
cut their fabrication cycles by more 
than half. Five years ago, eight- to 
12-week cycles were the norm. Un­
fortunately, it is misleading to con­
sider these times as leadtimes to 
good prototypes. Too often you'll 
need to revise your first pass and 
repeat the fabrication cycle. 

Because of the shrinking product 
life cycles and the potential for hav­
ing to iterate the design, ASIC ven­
dors' efforts to reduce turnaround 
time are crucial. Today, most ven­
dors quote a three- to five- week 
fabrication cycle for an array-based 
ASIC. But if the vendor really likes 
you (or more accurately, your busi­
ness), or you're willing to pay an 
NRE premium of 50 to 100%, you 
may be able to shrink the turn­
around to as little as seven days. 
Direct-write , on-site fabrication 
processes can cut the turnaround 
time to eight hours. 

Buy a fabrication clean room 
Although direct-write ASICs can 

give you silicon quickly, owning the 
capability isn't cheap. Lasarray 
sells a transportable, 750-ft2 3-mod-
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Thanks to streamlined fabrication processes, ASIC prototypes are now arriving at their design destinations sooner. 
(Photo courtesy NCR) 
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Incomplete or capricious specifications 
stretch design cycles- although they 
don't usually affect your deadlines. 

ule ASIC facility for $4,200,000. 
This module provides all the equip­
ment and tools you need to design 
and fabricate prototype and short­
run production ASICs. If you've al­
ready got processing equipment 
and a clean room, Lasarray will sell 
you the Direct-Write Laser Pattern 
Generator (DWL-I) for $750,000. 

However, if you think getting 
$4,200,000 from the corporate bean 
counters is unlikely, or if the corpo­
rate parking lot is a bit crowded for 
a 750-ft2 module, Lasarray will pro­
vide an ASIC fabrication service. 
Typical NRE charges are between 
$12,000 and $15,000 for net-listed 
designs containing as many as 
10,000 gate equivalents. 

The direct-write system also per­
mits a sort of silicon breadboarding. 
The DWL-I writes as many as 16 
different patterns to a single wafer. 
As a result, you can build 16 differ­
ent variations of the same design. 
Alternatively, groups designing 
multiple ASICs can prototype them 
concurrently. 

Chip Express also uses a direct­
write laser to program prototype 
arrays. Typically, vendors put all 
the transistors on base wafers with­
out connecting any of the transis­
tors. The vendors then put these 
preprocessed base wafers in stock. 
When you place an order, the ASIC 
vendor connects the transistors to 
customize the bases with your ap­
plication. Chip Express stocks fully 
processed wafers that it customizes 
using a double-metal disconnect ap­
proach. The advantage to this ap­
proach over other direct-write 
methods, according to Adi Gamon, 
the company's vice president, is 
that there is no performance degra­
dation, and the real-estate penalty 
is typically less than 10%. 

The vendor has software that can 
output data in three formats. The 
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A direct-write laser pattern generator cus­
tomizes a wafer with as many as 16 different 
ASIC patterns. (Photo courtesy Lasarray) 

cut-list output directs the laser to 
cut the appropriate metal lines to 
implement your logic. To keep costs 
down on lower-utilization, small­
volume production runs, the soft­
ware can keep the necessary inter­
connects on one layer and produce 
data to generate one photolithogra­
phic mask. Finally, for high-utiliza­
tion, high-volume production runs, 
the software can produce the data 
for double-metal interconnect on 
four masks in GDS II format or CIF 
(Cal-Tech Intermediate Format). 

Robots do the dirty work 
Another laser-based alternative 

is the QT-GA from Lasa Industries. 
This $3,000,000 21-ft2 system con­
tains five chambers to process 
bonded, pin-grid-array-packaged 
uncommitted CMOS- or bipolar-ar­
ray die. The QT-GA interprets GDS 
II-format layout data. The system 
commands a robot, inside the mod-

ule, to move the arrays between 
processing chambers. Within these 
chambers, the QT-GA deposits a di­
electric between two layers of di­
rectly written metal interconnect, 
etches vias, and seals the package. 

One warning about the direct­
write approaches: when quoting 
turnaround time, vendors generally 
don't include the time it takes to 
generate test programs. These 
times may not be inconsequential. 
In addition, direct-write ap­
proaches often don't include pack­
aging times, though the QT-GA sys­
tem's turnaround does include pack­
age-sealing time. 

An example of the approximate 
times through the various stages of 
a fast-turnaround masked-pro­
grammed-ASIC line could highlight 
the steps. According to Rob 
Walker, vice president of technical 
marketing at LSI Logic, mask mak­
ing takes one day, metallizing the 
gate array takes two days, wafer 
sorting and final testing each take 
about a day, and packaging takes 
about two days. LSI allows a day 
or two for miscellaneous holdups. 
Direct-write ASICs eliminate only 
mask making from this schedule. 

Of course, small direct-write fab­
rication lines dedicated to prototyp­
ing only one ASIC don't have 
queues at every fabrication stage. 
As a result, process steps that 
might take days in a merchant fab­
rication facility take only hours in 
your direct-write ASIC facility. 

Evaluating ASIC prototypes and 
moving them into production is just 
as important as fast prototyping. 
More than one ASIC vendor relates 
that they've rushed ASICs through 
their fabrication line-at great ex­
pense to the customer-and found 
weeks later that the customer 
hadn't yet evaluated the ASICs. On 
the other hand, if after evaluating 
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your ASIC you're ready to move 
into production, you don't want to 
find any bottlenecks. The direct­
write approaches claim to use wa­
fers from other standard-processing 
ASIC vendors to facilitate shifting 
the design to production. Make sure 
you find out whose wafers they use 
and then talk to the ASIC vendor 
about moving into production after 
prototype acceptance. 

Direct-write approaches aren't 
limited to array-based ASICs. US2 
builds all-level direct-write ASICs. 
Unlike most other all-level ASIC 
vendors, US2 has no minimum or­
der and, like Lasarray, can mix de­
signs on a wafer. After evaluating 
your prototypes, if you need high­
volume production quantities, US2 
has agreements with other semicon­
ductor vendors to transfer your de­
sign into production. 

When you are fighting the clock 
to finish a design, the biggest prob­
lem is remembering that the design 
is more than just a collection of ap­
propriately wired gates. Resist the 
temptation to let up after you've 
turned your net list over to the 
ASIC vendor. You still have to en­
sure that a test program is ready 
to evaluate the ASICs when they 
leave the fabrication plant. 

An approach developed by Cross­
check Technology (San Jose, CA 
(408) 432-9200) overlays your de­
sign on a matrix of testability tran­
sistors. This approach is currently 
licensed to LSI Logic, Harris Semi­
conductor, Fujitsu Microelectron­
ics, and an internal IC group within 
Raytheon Corp (Andover, MA (508) 
860-3412). The test matrix demands 
that IC vendors create new bases 
for their ASICs. Although none of 
the vendors currently off er devices 
with the Crosscheck test matrix, 
LSI Logic has proven the validity 
of the approach with working silicon 
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Fast-turnaround ASICs 

Getting fast turnaround of a large array, like this 150,000-gate Toshiba array, takes longer 
than smaller arrays because mask making and testing take longer. 

and presented a paper on the re­
sults at this year's Custom Inte­
grated Circuit Conference in Bos­
ton. Michael Carroll, Crosscheck's 
vice president of marketing, ex­
pects to see commercial devices 
available early next year. 

Software smooths development 
When the pressure is on, VLSI 

Technology can shave a week off 
their normal three-week gate-array 
turnaround time. The bottleneck 
has been test-program develop­
ment. Its Test Assistant is a CAE 
tool whose purpose is to improve 
an ASIC's testability. The software 
inserts isolation multiplexers and 
control circuitry to allow you to test 
functional blocks independent of pe­
ripheral logic. After software proc­
essing, your design contains all the 
necessary control signals. The soft­
ware even updates your schematics. 

After adding the isolation logic to 
all the functional blocks in your de-

sign, the software creates a coher­
ent set of test vectors to verify the 
logic. In addition to improving tes­
tability using isolation logic, the 
Test Assistant can add built-in self 
test (BIST) circuitry, generate the 
control patterns to initialize the 
logic, run the test, and evaluate the 
results. As a result of this test soft­
ware, your circuit becomes easier 
to observe and to control, and is 
therefore easier to test. 

If performance constraints de­
mand that you control where the 
software inserts isolation or BIST 
logic, you can intervene while the 
software works. You can determine 
which pins the software multiplexes 
with test signals, which isolation 
circuits it uses, and how it connects 
BIST blocks. 

Another ASIC vendor stressing 
the testability of your design is In­
tegrated Logic Systems Inc (ILSI). 
Integrated Testability is its combi­
nation of a scan-testable array ar-
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Making sure the test program is waiting 
for your ASICs at the end of their fabri­
cation cycle is crucial for quick delivery 
of your prototypes. 

Table 1-Representative fast-turnaround ASIC vendors 
·-,-· 

Delay 
through 

Fast Normal PC-or 2-lnput 
tum· tum- workstation- NANO with 

Compeny around around based Available Usable 2mmmetal 'fyplcalNRE 
name (days) (days) llbrartes technologies gates (psec) (from net list) 

AMCC 14- 21 21-28 Workstation Bipolar arrays 1300-18,000 100-210 $10-$25 
per gate 

BiCMOS arrays 800- 28,000 310-430 $5-$15 
per gate 

ChlpExpreu 1 5 Workstation CMOS arrays < 20,000 Base- $10,000-$25,000 
dependent 

Fujitsu 7-14 30 Both CMOS arrays 2880-60,000 470 $15,000-$150,000 

ECLarrays 350 $15,000-$150,000 

Gould/AMI 21 38 Both CMOS arrays 1286-150,000 320-500 $13,000-$120,000 

Harris 14 21 Both (a) CMOS arrays 960-32,854 < 500 $13,000-$30,000 
Semiconductor 

ILSI 21 56 PC CMOS arrays 800-21,400 780 $5000-$25,000 

IMI 7 10 Both CMOS arrays 800-12,000 2000 $10,000-$25,000 

Lasa Industries 8-12 Notap- (b) CMOS and (b) (b) (b) 
hrs plicable Bipolar arrays 

Lasarray Corp 8hrs 2 PC CMOS arrays < 10,000 700 $12,000-$15,000 

LSI Logic 8 21 Workstation CMOS arrays 1000-50,000 570 $60,000-$80,000 (c) 

Mitsubishi 14 21 Both CMOS arrays 224- 35,000 370 $15,000-$75,000 

Motorola 21 21 Workstation CMOS arrays 2100-73,400 810 $20,000-$70,000 

ECL arrays 750-60,000 120-350 $14,000-$70,000 

National 14 21 Both CMOS arrays 360-125,000 500-650 Starts at $40,000 
Semiconductor 

NCR 7 28 Workstation CMOS arrays 4800-74,800 530 $20,000 
Mlcroelectronlcs 

NEC 14 21 Both CMOS arrays 300-133,056 430- 1780 $9000-$171 ,000 

BiCMOS arrays 575-23,200 240-1180 $10,000-$42,000 

ECLarrays 540- 33,250 200-270 $12,000-$49,000 

Oki 10 24 Both CMOS arrays 300-140,000 270-1300 $35,000(e) 
Semiconductor 

Plessey 28 60 PC Mixed-signal < 10,000 60nsec $15,000-$40,000 
Semiconductor CMOS 

Siemens 13 25 Both CMOS arrays 2000-70,000 400 Starts at $20,000 

SMOS 14 21 Both CMOS arrays 10,000-50,000 350-800 $15,000 

Toshiba 7 14-21 Both CMOS arrays 5000-120,000 400 Starts at $15,000 

US2 21 28 Both All-Layer CMOS Layout- 500 $10,000-$200,000 
software 
dependent 

VLSI 14 21 Workstation CMOS arrays 960-69,000 340 $33,000-$139,000 
Technology 

Notes: (a) Harris supports schematic capture on both PCs and workstations and schematic capture on workstations. 

'fyplcal 
piece-part 

price 
(5000qty) 

$0.03-$0.05 
pergate 
$0.0075-$0.04 
per 1000 gates 

Must be con-
tracted with 
silicon vendor 

$1 .90-$2300 

$1.90-$2300 

$3.30-$145 

$0.12-$0.17 
per 1000 gates 

$3-$30 

$2.25-$29.03 

$20 

$22 

$0.15-$0.18 
per 1000 gates 

$1.80-$250 

$10-$1600 

$20-$400 

$7.00(d) 

$1 .90-$700 

$7.50-$275 

$160-$810 

$9.SO(e) 

$16.50 

$4-$150 

$10 

Starts at$3 

Starts at$5 

$13-$345 

(b) Lasa Industries does not build ASICs. It does sell the equipment that allows you to fabricate ASICs. The bases that you build the ASICs on 
determine the ASIC 's density, speed , and cost. 

(c) LSI Logic's NAE charge is for a 15,ClOOiJate design and includes " hot-lot" premium . 

(d) NCR's piece-part price is for a 50Cl0iJate design in a 52-pin PLCC. 

(e) Oki Semiconductor's prices are for an 80Cl0iJate, sea-of-gates array fabricated on its 1.0 µm process. 

(f) Toshiba achieves 7-day turnaround from its Sunnyvale, CA facility. 

. 
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chitecture and automatic test-pat­
tern-generation software. In addi­
tion to its larger testable arrays, 
the company offers the MPGA fam­
ily to replace PLDs, EPLDs, and 
FPGA circuits that contain as many 
as 3000 gates. 

These smaller arrays accept 
PLD, EPLD, and FPGA circuit 
files. If your design is strictly syn­
chronous, the vendor guarantees 
that the MPGA circuit will function 
as a drop-in replacement for the 
PLDs. 

Software looks at critical paths 
Harris also recognizes that test­

ing your ASICs is the biggest hur­
dle to quickly delivering your proto­
types. Like other leading-edge 
ASIC vendors, it has developed 
software that automatically con­
verts your simulation patterns into 
test patterns. However, in addition 
to the functional and parametric 
tests that the software creates, 
Harris' test software evaluates 
critical paths during full-speed 
tests. 

Just identifying the critical paths 
though, isn't enough. NCR has 
found that labeling these paths and 
then blindly letting the place and 
route software make tradeoffs often 
leads to poor overall circuit per­
formance. The ASIC vendor should 
work with you to ensure that while 
the layout permits your critical 
paths to meet their design goals, 
noncritical paths don't become crit­
ical. 

NCR also has software that 
bridges the ubiquitous wall be­
tween design and test. This soft­
ware works with the simulator and 
allows you to input the kind of IC 
tester you'll use to evaluate your 
ASICs. With this information, the 
software creates tester-specific test 
patterns. By defining an operation, 

EDN September 3, 1990 

Fast-turnaround ASICs 

Direct-write systems need a fabrication facilit y. Lasarray's 750 ft 2 facility is shipped to your 
site in three modules. 

like a Write, as a particular set of 
inputs, you can program the soft­
ware to drive the simulator with a 
user-defined high-level language. 
And, like many testers, the soft­
ware offers a Learn mode. In this 
mode, you drive the simulator with 
a set of input conditions and the 
software learns the appropriate 
outputs. Beware, though. If your 
design contains an error, learning 
the outputs rather than program­
ming them based on expected be­
havior will mask the error. 

The Test Assistant, Integrated 
Testability, and other test-logic and 
pattern-generation CAE tools re­
duce the bottlenecks that many 
vendors identify as slowing ASIC 
prototyping. Speeding the silicon 
through fabrication won't help you 
if there is no way to test and evalu­
ate the devices when they come out. 

Normally, an IC fabrication line 
resembles a motor-vehicle bureau's 
collection of queues. Every batch 
of wafers gets on a queue at every 
step of the fabrication process. In 

129 



Shortcuts that you take to finish a de­
sign-for example, not checking an in­
put condition or ignoring testability­
will inevitably come back to haunt you. 

fact, ICs spend most of their fabri­
cation time waiting to be processed. 
To get a fast turnaround, the wafer 
batch must bump to the front of the 
queue. Even jumping ahead of wait­
ing wafers, the batch stalls while 
the wafers currently cycling 
through the process finish-unless 
the vendor is pushing wafers 
through using pre-emptive process­
ing or call-ahead scheduling. If he 
is, he doesn't start a batch of wafers 
in any processing steps if they will 
stall the "hot lot." Pre-emptive 
processing is something few IC 
manufacturers will admit to. Al­
though it makes the "hot lot" cus­
tomer very happy, it radically dis-
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Changes take time 
If you have to revise your ASIC, 
do you have to wait for the entire 
fabrication-cycle time? Not neces­
sarily. 

There isn't much you can do to 
facilitate processing of array­
based circuits. Should you need 
to revise these ASICs, count on 
fast-turnaround times of a week 
or two that the vendors in this 
report can provide as a best case. 

Cell-based or all-level designs 
may offer an alternative to the 
complete fabrication cycle. Some 
vendors, Harris and VLSI Tech­
nology among them, will hold a 
few wafers of a wafer lot before 
metallization. Using these pre­
metallized wafers, you can cor­
rect minor cell-based intercon­
nect errors in array-based fabri­
cation times. One hint: if you can, 
add a few spare inverters, 
NANDs, NORs, and flip-flops 
throughout your cell-based layout 
in case you need extra gates for 
corrections. Make sure you tie 

rupts the wafer-fabrication process, 
greatly delaying the processing of 
other wafers. 

In recognition of these queues, 
NEC posits that ASIC vendors 
must employ a dedicated prototype 
line in addition to its full production 
line. The company employs such a 
prototype line at its facility in Japan 
to improve the turnaround time of 
its prototypes. Unfortunately for 
US customers, its Roseville, CA fa­
cility today is a production fabrica­
tion house. 

International Microcircuits Inc 
(IMI) gets its normal 10-day gate­
array turnaround using its Pony 
Express fabrication line. By reduc-

the spare gate's inputs to either 
power or ground so that they 
don't float. 

Another alternative available 
to correct design errors is Micrion 
Corp's DMOD, a laser-based sys­
tem that can cut interconnect, 
drill through dielectric, deposit 
vias, and rewire your ASIC. 

The DMOD uses a beam of 
ions, focused to as little as 0.1 
µ.m and accelerated to an energy 
of 25,000 eV. This beam makes 
cuts as small as 0.2 microns with 
a resolution to 0.25 microns. The 
system removes material by sput­
tering. To add connections, the 
ion beam decomposes a metal-car­
rying gas, such as tungsten car­
bonyl, at the surface of the cir­
cuit. Milling and deposition rates 
are about 

2 x 104microns3 

pA sec 

The DMOD uses a 68000-based 

ing queues and walking wafers 
through the fabrication line, it can 
cut the fabrication time to seven 
days. Looking into the future, IMI 
claims that it sees ways to further 
reduce queues so that in the fall it 
can offer seven-day turnaround 
times as normal. Further plans are 
in place to cut the turnaround to 
four days by next summer. The 
company has a three-year goal of 
eliminating queues entirely and tak­
ing only 48 hours to process gate 
arrays. 

In recognition of project turn­
around being more than just proto­
type delivery, IMI offers specific 
suggestions to speed designs 

Multibus architecture to control 
beam placement on the IC. By 
detecting secondary electrons or 
ions as the beam scans over the 
target, the system generates an 
image of the milling and deposi­
tion. The system handles pack­
aged chips, unpackaged die, and 
whole wafers as large as 8 in. The 
machine starts at $695,000. 

Machines with similar capabili­
ties are available from Seiko In­
struments USA and FEI Com­
pany. Seiko's machine, which 
starts at $600,000, features a dual 
optical lens and aperture control 
external to the vacuum so you 
needn't open the vacuum to ad­
just the aperture. 

FEI Company makes the ion­
focusing columns that Micron 
uses in its machines. FEl's fo­
cused-ion-beam machine starts at 
$250,000, can mill and deposit 
material on either 6-in. wafers or 
packaged die, and claims an ion 
source life of 500 hours. 
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Fast-turnaround ASICs 

Manufacturers of fast-turnaround ASICs 
For more information on fast-turnaround ASICs such as those described in this article, circle the appropriate numbers 
on the Information Retrieval Service card or use EDN's Express Request service. When you contact any of the following 
manufacturers directly, please let them know you saw their products in EDN. 

Applied Micro Circuits Corp Integrated Logic Systems Inc Motorola Inc Seiko Instruments USA 
6195 Lusk Blvd 5415 Mark Dahling Blvd 1300 N Alma School Rd 1144 Ringwood Ct 
San Diego, CA 92121-1792 Colorado Springs, CO 80918 Chandler, AZ 85224 San Jose, CA 95131 
(800) 262-8830 (719) 590-1588 (602) 821-4406 (408) 922-5819 
(619) 450-9333 FAX (719) 590-1373 FAX (602) 821-4850 Circle No. 669 
FAX (619) 450-9885 Circle No. 656 Circle No. 663 
Circle No. 650 

Siemens Components Inc 
International Microcircuits Inc National Semiconductor 2191 Laurelwood Rd 

Chip Express 525 Los Coches 2900 Semiconductor Dr Santa Clara, CA 95054 
2903 Bunker Hill Ln St Milpitas, CA 95035 Santa Clara, CA 95052 (408) 980-4540 
Suite 105 ( 408) 263-6300 (408) 721-5000 FAX (408) 980-8126 
Santa Clara, CA 95054 FAX (408) 263-6571 FAX (408) 730-5659 Circle No. 670 
(408) 988-2445 Circle No. 657 Circle No. 664 
FAX (408) 988-2449 

SMOS Systems Circle No. 651 
Lasa Industries Inc NCR Corp 2460 N First St 
505 Lincoln Ave Microelectronics Div San Jose, CA 95131 

FEI Company Santa Jose, CA 95126 2001 Danfield Ct (800) 228-3964 
19500 NW Gibbs Dr ( 408) 995-5272 Fort Collins, CO 80525 (408) 922-0200 
Beaverton, OR 97006 FAX (408) 293-2531 (303) 226-9550 FAX (408) 922-0240 
(503) 690-1500 Circle No. 658 FAX (303) 226-9556 Circle No. 671 
FAX (503) 690-1509 Circle No. 665 
Circle No. 652 

Lasarray Corp Toshiba 
13845-B Alton Pkwy NEC Electronics Inc 1220 Midas Way 

Fujitsu Microelectronics Inc Irvine, CA 92718 Box 7241 Sunnyvale, CA 94086 
IC Div (714) 581-0889 Mountain View, CA 94039 (408) 733-3223 
3545 N First St FAX (714) 581-0969 (800) 632-3531 FAX (408) 733-4539 
San Jose, CA 95134 Circle No. 659 (415) 965-6158 Circle No. 672 
(800) 642-7616 FAX (415) 965-6752 
(408) 922-9831 Circle No. 666 
FAX (408) 432-9044 LSI Logic United Silicon Structures 
Circle No. 653 1551 McCarthy Blvd 1971 Concourse Dr 

Milpitas, CA 95035 Oki Semiconductor San Jose, CA 95131 
( 408) 433-8000 785 N Mary Ave (408) 435-1366 

Gould/AMI FAX (408) 434-6457 Sunnyvale, CA 94086 FAX (408) 435-0504 
2300 Buckskin Rd Circle No. 660 (800) 654-6994 Circle No. 673 
Pocatello, ID 83201 (408) 720-1900 
(800) 538-7736 

Micrion Corp 
FAX (408) 720-1918 

VLSI Technology Inc FAX (208) 234-6796 Circle No. 667 
Circle No. 654 1 Corporation Way 1109 McKay Dr 

Centennial Pk San Jose, CA 95131 
Peabody, MA 01960 Plessey ( 408) 434-3000 

Harris Semiconductor (508) 531-6464 1500 Green Hills Rd FAX (408) 434-7931 
ASIC Products Div FAX (508) 531-9648 Scotts Valley, CA 95066 Circle No. 674 
724 Rt 202 South Circle No. 661 (800) 241-4212 
Somerville, NJ 08876 ( 408) 438-2900 
(800) 442-7747 ext 1210 

Mitsubishi Electronics America Inc 
FAX (408) 438-5576 

(908) 685-6000 Circle No. 668 
FAX (908) 685-6435 1050 E Arques Ave 
Circle No. 655 Sunnyvale, CA 94086 

(800) 624-8999 ext 178 
( 408) 730-5900 
FAX ( 408) 720-0429 
Circle No. 662 

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

High Interest 518 Medium Interest 519 Low Interest 520 
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LCD Proto Kit 
Everything you need to 
start your LCD application 
.... reate complex screens 
in just a few hours! 

240 x 64 
pixel 
Supertw1st 
LCD 
mounts 
directly 
onto 
CYB003 

The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high­

level control 
of Instrument­

size LCDs. Up 
to 256 built-in 

windows support 
wtndow-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 

graphics are main­
tained In separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

5 Pin Alternate Add your own 8051 
Power Power CPU for stand 
DIN. Connector. alone operation. 

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

($595 pre-as~c.mbled & tested) 

8051 Assembler 
and Qu1ck8as1c. 

*Th CY32 40-pm CMO LCD Controller 
IC ts avatldble from stock @ $75/singles1 

$20/lOOOs (Surf a e mount also avail m qty.) 

CyberneticMicroSystems 
~ Dox 000 • an Gregorio CA 94074 
~Tel: 415-726- 000 • Fax: 415-726-3003 
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Fast-turnaround ASICs 

Quickturn processing of an ASIC isn't difficult However, writing a test program to verify 
high-pin-count devices can slow prototype delivery. (Photo courtesy Siemens Components Inc) 

through to production. Gary Smith, 
director of sales and marketing, 
warns that when the clock is ticking 
and people are breathing down your 
neck, there is a temptation to take 
short cuts to get the design out 
faster. Unfortunately, Smith claims 
that short cuts inevitably slow 
down the program in the end. IMI's 
engineering group works closely 
with customers to ensure that de­
signs are right the first time. Most 
companies make similar claims, but 
IMI puts its money where its mouth 
is- it guarantees that your design 
will work in your system or it'll fix 
it for free. 

Getting your ASIC through the 
design phase is another way to 
speed up the receipt of prototypes. 
Fujitsu and Mitsubishi, among oth­
ers, offer RAM compilers that sim­
plify the design of memory on an 
array-based ASIC. Fujitsu also of­
fers collections of macro cells and 
compiled cells geared toward data­
communications, graphics, per­
sonal-computer, and peripheral ap­
plications. Many components in 
Mitsubishi's low-power ASIC li­
brary offer four drive-strength op­
tions to optimize circuit perform­
ance and power requirements. 

Plessey see emulation as the key 

to ensuring a fast, first-time-right 
ASIC. The company couples its 
mixed-signal ULA series of arrays 
with its $15,000 PDM PC-based 
emulation system. With the PDM, 
you can build and system-test your 
mixed-signal ASIC, correct the de­
sign if necessary, and retest in the 
system before committing to silicon. 
Though emulation isn't foolproof­
parasitics and other second-order 
effects differ between the emulator 
and actual design-Plessey hopes to 
provide working prototypes that 
don't need revisions. 

If you need fast turnaround 
times, make sure that everyone in 
your company knows that you're 
pressing the vendor for time_ 
Grease and prime each cog in your 
company machine so that people can 
prepare the appropriate paperwork 
and documentation. After begging 
and pleading with an ASIC vendor 
to speed your design through fabri­
cation and give you prototypes in 
a week, nothing can be more embar­
rassing than to have the vendor 
wait three weeks for the purchase 
order. EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 

EDN September 3, 1990 



Now! Up to 120,000 usable gates 
in a three-layer me"tal array. 

Toshiba's 1-micron CMOS gate 
arrays provide the capability 
for a whole system-o n-a -chip 
with gate delays of 0.4 ns. 

Toshiba's TClSOG series of 1.0 micron CMOS 
gate arrays pack up to 120,000* usable gates on 
a 172K master. The series uses our proven archi­
tecture combined with triple-layer wiring tech­
nology that makes highly efficient use of silicon. 

The TC150G series is supported by a compati­
ble library of more than 800 macrocells and over 
150 macrofunctions. Our design environment 
covers the full CAD tool spectrum which includes 
high-level description language; design capture; 
design simulation; synthesis/design optimization 
... and more! The Toshiba design environment 
is compatible with all major EWS including 
AIDA, Cadence, Dazix, HILO, HP, !KOS, Mentor, 
Synopsys, VALID, Verilog and Viewlogic. 

Where design economy is a priority, Toshiba 
offers high pin-count plastic flat packs as a 
surface mount alternative to PGAs for many 
applications. 

The series is available in 14 master array sizes 
ranging from 1,400 usable gates to 120,000, 
or up to 40,000 in plastic. And, you can depend 
on Toshiba to meet virtually any production 
quantity your business demands. 

THE POWER IN GATE ARRAYS. 
1-----

2-LAYER METAL 3-LAYER METAL 
SERIES TC140G TC150G 
GATES 2,300 TO 172,000 2,300 TO 172,000 
USABLE GATES 1,000 TO 68,000 1,400 TO 120,000 
GATE LENGTH 1.0µ.ldrawnJ 1 .~drawn) 
GATE SPEED 0.4 ns 0.4 ns 
OUTPUT DRIVE 1!11_ to 24 ma. UQ_to 24 ma. 

1

, 

PART NUMBERS 14 14 I 
SECOND SOURCE YES YES I 

AVAILABILITY NOW NOW 

There are five Toshiba design centers around 
the U.S. and one in Ottawa, Canada to help you. 
For technical literature, call 1-800-888-0848, 
extension 517 today. Servi.ce is our key 
component. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERI CA ELECTRONIC COMPONENTS, INC. 

•Gate ut il iz:1l1011 is dependenl upon arch itl'Clure. 
I.Ill.\. Cadc11ce. l ~JZiX. 1111.0. llP. IKOS. Menlor, S~l'"f"l' VI.Lill. l'erilOJ( and Viewl"l\k 
are registered 1rademarks hy others. 

© 1990 Toshiba America Electronic Components. Inc MAS-90-0:W 

Toshiba semiconductor products are available from the following Toshiba offices: Deerfield, IL, (708) 945-1500; Burlington, MA, (617) 272-4352; Sunnyvale, CA, (408) 737-9844; 

Tustin, CA, (714) 259-0368; Richardson, TX, (214) 480-0470; Norcross, GA, (404) 368-0203. 
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SIEMENS 

Sound Strategy. 
Siemens announces a single-chip echo cancellation U-interface 
device for ISDNetworks of all sizes. From switching to 
transmission, a clearly superior solution. Berlin to lselin. 

The besl address for Siem ens Se mico nductors: 

Siemens has won another sound 
victory in communications technol­
ogy by developing the industry's first 
single-chip solution in CMOS for 
echo cancellation circuit functions in 
ISDN. It's a clear example of the 
innovative thinking which has made 
Siemens a leader in ISDN technology. 

From its single-chip design to its ease 
of integration , the Siemens PEB 2091 
ISDN Echo Cancellation Circuit (IEC-Q) 
represents a milestone in ISDN real­
ization. This device can double the 
traffic -handling capability in existing 
telephone lines, and is ideal for appli-

(A) Wien, Tel (0222) 71711-5661 {AUS) Melbourne, Vic 3121 Tel (03) 4 20 7111 (8 ) Bruxelles, Tel (02) 5 36-2111 (BA) Sao Paulo -SP, Tel (011) 8 33-2211 (CON) Mississauga L5T 1 P2, Tel (4 16) 564-1995 
(CH) Z urich, Tel (01) 4 95-3111 (0 ) Be rli n 10 Tel (0 30) 3939-1, Duesse ldo rf 1, Tel (0211) 3 !)!) 0; Frankfurt 1, Tel (0 69) 7 97-0; H amburg 1, Tel (0 40) ?8 89-0; Hannover 8 1, Tel [05 11) 8 77-0, 
Muenchen 80. Tel (0 89) 92 21-43 80. Nuernberg 1. Tel (09 11) 6 54-0. Stuttgart 1, Tel (07 11) 20 76-0 (DK) Ballerup, Tel (44) 77 44 77 {E) Madrid, Tel (01) 5554062 {F) Paris, Tel (1) 49 22-3810 
(GB) Sunbury on Thames. Tel {09 32) 75 2615 (G R) Amaroussio Tel (01) 6864-111 (HK) Hongkong, Tel 5-83302 22 (I) Milano, Tel (02)67 66-42 41 (IND) Bombay 400018,Tel 4 93 87 86 
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cations in transmission systems such 
as digital added main line, pair gain 
systems and intelligent channel banks. 

Through its single-chip design and 
CMOS technology, the advanced PEB 
2091 reduces space requirements 
and software overhead , and has 
lower power consumption require­
ments than any other design. And it 
supports ISDN Oriented Modular 
(!OM) architecture, the de facto 
standard for ISDN, which makes 
installation simple, and enables it 
to work in tandem with the most 
advanced !Cs available. 

Building upon the most comprehen­
sive line of ISDN !Cs in the industry, 
the PEB 2091 sends a clear signal 
that Siemens is continuing to take 

great strides in telecommunications. 
Siemens was the first company to 
design a two-chip U-interface trans-

TRANSMIITER TRANSMIITER 

RECEIVER RECEIVER 
Siemens uses CMOS technology to provide a 

supenor echo canceUat1on solution with the lowest 
power consumouon requirements 

ceiver for the 4B3T block code used 
in Europe, and developed the first 
single-chip device for the 2810 code 
established in North America. And 
the PEB 2091 meets the require­
ments of the American National 
Standard for Telecommunication . 

(IRLJ Dublin. Tel (01) 3028 55 (J) Tokyo 100 Tel (03) 2 01-24 01 (NJ Oslo 5, Tel (02) 63 3000 (NL) Den Haag, Tel (0 70) 3 33 33 33 
(PJ Allraglde. Tel (01) 4 18 3311 (RAJ Buenos Aires . Tel (01) 30 04 11 (RCJ Taipei . Tel (02) 5 23 47 00 (ROKJ Seoul. Tel (02) 2 75-61 11 
(SJ Slockholm, Tel (08) 7 28 10 00 (S F) Helsinki. Tel (9) 05 10 51 (SGPJ Singapore 0513, Tel 7 76 00 44 
(TA) lslanbul, Tel (01) I 51 09 00 (USA) Santa Clara, Tel {408) 980·4500 (ZA) Johannesburg, Tel (0 11) 4 07·41 11 
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Our unsurpassed line of ISDN !Cs 
are com plemented by a wide array of 
microprocessors, microcontrollers, 
DRAMs, optoelectronic devices, and 
more. So you can count on Siemens 
to provide the best solution for all of 
your IC applications, and telecom­
munication products which reflect 
the sound thinking that has made 
Siemens a leader in ISDN. 

For more information on our advanced 
products, call (800) 456 -9229. 
Or write: 

Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054-1514. 

Ask for literature package M12A006. 

• Siemens 
Practical Solutions By Design. 

c 1990 Siemens Componenls. Inc M12A006 
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Here's How To Develop Analog/Digital ASICs In 
Less Time, For Less Money. 

Now, for an absolutely tiny price, you 
can partition complex mixed mode ASICs 
and separately design and verify the critical 
segments through fabrication. Cost of fab will 
no longer stop you from a divide and conquer 
methodology. Use Tiny Chips and go a step at a 
time. Tiny Chips, available on Foresight multi­
project wafer runs, reduce NRE costs and help 
you move confidently from prototypes into 
production. 

Twelve packaged parts are available at 
a cost of just $1 ,500. And Foresight runs are 
regularly scheduled, so development can be 
pipelined; some segments can be in design, 
some in fab, while others in test and debug ... 
all at the same time. 

Foresight runs support larger die sizes for 
characterization of completed designs prior to 
production. 

? 

As you might expect from the only 
foundry to guarantee quick turnaround, Tiny 
Chips are available in a mere 20-25 working 
days from CMOS runs supporting: 

l.2, l.5 and 2.0 micron feature sizes 

2.0 micron buried channel CCDs 

a 40 pin Tiny Chip pad frame supplied by 
Orbit 

• 

the DoD 2/l .2 micron CMOSN standard 
cell library with RAM and ROM generators 

Getting started is easy as getting design 
rules and process information in our newly 
published Foresight User Manual. 

If you are trying to build complex ASICs, 
without building up time and cost, Orbit's new 
Tiny Chip service may be the biggest news yet. 
To get more information in a hurry, contact 
Technical Marketing, Orbit Semiconductor, 
1230 Bordeaux Drive, Sunnyvale, CA. Or call 
( 408) 7 44-1800 or (800) 331-4617. In CA 
(800) 647-0222. FAX (408) 747-1263 . 

A subsidiary of Orbit Instrument Corporation. 

What others promise, we guarantee. 

REGIONAL REPRESENTATIVES: Ewst Coast (609)428-6060, -Mld~t (303)530-4520 
West Co.isl (408)248-5300 

INTERNATIONAL REPRESENTATIVES Canada (514)48 1-3313 - UK Phone (0372) 377779, 
llx 897628 S.G U K.-G, Fax (0372) 376848 - Europt> Phone (06031} 61076, Tix 6031 948, FAX (06031) 61788 
Austn1/u1 Phone (8) 223 5802,llx U~IVAD AA89141 , Fax (8) 224 0464 . 
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And, Mitsubishi is the only one 
who reduced lµm gate width to a 

size that's small enough to provide a 
low, 5µW power dissipation (the low­

est you can get), lower operating tem-
perature and small die size. Plus, we're the 

only supplier to give you performance as fast as 3 70 
picoseconds and four speed/power options: xl, x2, 
x3, and x4. So, you can optimize your circuit for 
both fast speed and low power. By taking advan-
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tage of Mitsubishi's smaller cell sizes, 
you achieve low operating tempera­
ture, more-cost effective silicon use 

We're The Only One 
With 5µW And Four 
Speed/Power Options. 

and smaller die size. And, all this 
means we can help you put your de­
signs in smaller, lower-cost plastic 
packages and achieve higher relia­
bility. Plus, our selectable output 
buffer drive and slew rate control 
help reduce noise and electromag­
netic radiation. Mitsubishi offers 
70,000 gates (50% utilization); pat­
ented* gate isolation structure for 
faster performance, and extensive 
packaging options, including plas­
tic QFPs, very-fine-pitch QFPs 
(VQFPs), PLCCs and APGAs 
(adaptable pin-grid-arrays). And, of 
course, we give you 100% bum-in, 
100% AC and OC testing, a library 
of more than 500 cells and design 
kits for the industry's leading-edge 
CAE design tools. It takes one solid, 
proven semiconductor supplier to 
know lµm . We're one of the top ten 
worldwide semiconductor manufac­
turers, and the world's fifth largest 

MOS memory manufacturer. We've been producing gate 
arrays since 1976 and offer production capacities surpassed 
by none. So, we'll get you through lµm design, prototype 
and production fast and right the first time. Also, keep in 
mind, a good lµm will get you to a great 0.8µm! Call the 
one it takes to know 1 µm today at 1-800-624-8999 # 17 8. 

*U.S. Patent Nu. 4,562,453 

6 MITSUBISHI 
.... GATE ARRAYS 
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Design Feature 

Minimizing the effect 
of metastability in 

BiCMOS circuit design 
In a digital circuit with two or more inputs, 
simultaneous changes in the signals at the 
inputs can produce an indeterminate or 
metastable state at the output. An unavoid­
able aspect of digital circuits in an analog 
world, metastabili-ty can impact a system's 
reliabili-ty. Intelligent circuit design requires 
a strategy to minimize this impact. 

K Nootbaar, R W Spehn, and E Tyler, AppUed 
Microcircuits Corp 

Digital logic systems must be capable of interacting 
with the outside world to have practical applications. 
That world, on a human scale at least, is continuous 
and asynchronous-characteristics 
that are in direct contrast to the dis­
crete quantization in value and time 
that digital systems require. Although 
this synchronization problem has been 
discussed in papers on computer-de­
sign theory since the early 1950s, the 
limitations of early technologies and 
the modest requirements for real-time 
input and output of data allowed most 
digital design engineers to safely ig­
nore the problem (Ref 1). 

The synchronization problem reap-
peared when the source of the input data was no longer 
a human at a keyboard or a low-bandwidth physical 
process, but rather another computer or fast digital 
system. Current applications, such as high-speed tele-
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communications and digital signal processing, force the 
designer to consider synchronization at almost every 
design stage. 

The fundamental purpose of synchronization is to 
ensure that all portions of a clocked digital system 
uniformly agree on the binary value of any signal to 
which that portion is expected to asynchronously re­
spond. One or more latches or flip-flops, which define 
the next state of the digital machine, synchronize that 
asynchronous decision. The logic designer is able to 
ensure that this condition is met in the sheltered envi­
ronment of the synchronous system because all logical 
signals change at defined times relative to the clocking 
signal of any internal latch. The signals become stable 
again well before the next clock transition. However, 
the system functions as expected only if the designer 
considers the guaranteed propagation delays of the 
logic elements and respects the setup-and-hold restric­
tions of the latch or flip-flop. 

The problem in the real world is that 
not all of the flip-flops in the system 
can satisfy their setup-and-hold re­
strictions. Some initial flip-flop must 
respond to an asynchronous event. 
This external event may have band­
widths that are orders of magnitude 
greater than those that were previ­
ously handled by simple analog filter­
ing and oversampling. 

A flip-flop or latch, which is designed 
to have two stable logic states, has two 
or more controlling inputs that let you 

predictably place the device in either state. For most 
configurations, changing the logic state of each input 
one at a time (a key consideration) results in the device 
assuming a known state after a finite and predictable 
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The fundamental purpose of synchroniza­
tion is to ensure that all portions of a clocked 
digital system uniformly agree on the binary 
value of any asynchronous signal. 

number of such input changes. The manufacturer usu­
ally defines this one-at-a-time restriction in terms of 
set/reset release times or data setup-and-hold times. 
These times are usually stated as guaranteed mini­
mums. They are based on simulations and/or measure­
ments of the specific device's behavior with respect to 
a well-behaved device. This procedure is true whether 
the flip-flop is a stand-alone device or a macro cell in 
an ASIC vendor's library. 

According to most logic manufacturers, the result 
of violating the minimum setup-and-hold times of a 
flip-flop ranges from increased propagation delay to 
failure of the device to reliably retain the intended 
data state. What is not usually stated is that the flip­
flop can become effectively "stuck" between states. 
More specifically, for some narrow range of multiple 
control-signal transition times, the output state can 
become anomalous (neither a logic 1 or a logic 0) prior 

Flip-flop timing definitions 

to settling to some final state. Moreover, the duration 
of this anomalous state can become arbitrarily long. 

The internal feedback loop of the master latch in a 
master-slave flip-flop comprises two inverting gain ele­
ments and a controllable feedback switch (Ref 3). This 
minimal structure is common to all logic technologies. 
The inverters have finite gain; the passive feedback 
paths have finite parasitics. These real-world limita­
tions mean that in addition to the two intended stable 
states, the device can have a metastable state, which 
is often caused by conflicting, simultaneous commands 
at the inputs. · 

Compounding the problem is a real probability that 
the flip-flop will stay in the metastable state for a long 
time. Theoretically, the flip-flop can stay there forever 
(practically speaking, until the next clock cycle). This 
"middle-level" anomalous state at the feedback node 
of the flip-flop's master latch is also affected by succes-

Setup Time: The time allowed for 
the data signal to remain stable 
prior to the active edge of the 
clock signal. 
Minimum Setup Time: The 
manufacturer's specified stabiliza­
tion requirement of the flip-flop. 
Setup time less than this may 
cause unreliable or unspecified 
behavior of the flip-flop. 

these times are specified at the 
package pins. For ASIC devices, 
the specifications apply to the in­
puts of the internal flip-flop 
macro. ASIC vendors provide 
guidelines for calculating the lim­
its at the package pins as a func­
tion of the specified times, to-

gether with the propagation de­
lays and skews of the other mac­
ros in the clock and data paths. 

The figure is from DE White, 
"Logic Design for Array-Based 
Circuits," Chapter 5, Academic 
Press (Fall 1990). 

Hold Time: The time allowed for 
the data to remain stable after 
the active edge of the clock 
signal. 
Minimum Hold Time: The 
manufacturer's specified mini­
mum hold requirement. Like 
Minimum Setup Time, this term 

, defines the boundary of reliable 
operation of the flip-flop. 
Reset/Set Release Time: The 
manufacturer's specified mini­
mum time after the de-assertion 
of an asynchronous reset or set 
for reliable clocking of the 
flip-flop. 

For SSI flip-flops and latches, 
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CLOCK 

DATA (RISING EDGE ACTIVE} 

- '• --
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Fig A-Setup-and-hold times can be either positive or negative. Here, the positive 
setup time (t.,J occurs before the midpoint of the active clock edge; the positive hold 
time (tJ occurs after the midpoint of the clock edge. Negative setup time (not shoum) 
occurs after the midpoint of the active clock edge, and negative hold time (also not 
shoum) occurs before the midpoint of the active clock edge. 
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sive logic stages that this node drives. Unless driven 
differentially, these logic stages, starting with the 
slave latch, will make an independent thresholding de­
cision on this middle-level value. This signal level is 
usually "illegal" with respect to the requirements of 
the logic elements. It is likely to change before the 
circuit achieves final, stable equilibrium. Thus, differ­
ent portions of the circuit assume different logical val­
ues of the node. This confusion usually results in a 
circuit malfunction. 

You can define the flip-flop's metastable behavior 
as a statistical process. However, it is not possible to 
define a single, upper bound to the duration of this 
state. The question is not whether the state will occur, 
but rather how often a metastable state of duration 
greater than a specified time will occur. The accepted 
method of describing this type of performance limita­
tion is in terms of mean time between failures (MTBF). 

The MTBF model for quantifying the metastable be­
havior of a MOS flip-flop was formulated and extended 
to a method for using that information to optimize the 
design of the surrounding circuit (Refs 3, 4). A combi­
nation of circuit simulation of anomalous state duration 
and correlation with observed state duration of actual 
devices were used to define the criteria for optimizing 
the performance of an ECL bipolar flip-flop as a syn­
chronizer, resulting in a "metastable-hardened" device 
(Ref 5). 

We confirmed that there was no strict correlation 
between propagation delay and metastable behavior 
for different flip-flops. For at least the bipolar case, 
this lack of correlation was the result of specific and 
differing design optimization strategies. We also quan­
tified the MTBF behavior of the metastable-hardened 
flip-flop and demonstrated a good correlation of the 
more useful and repeatable resolution-time-constant (-r) 
to the previously observed relative differences in 
anomalous state duration of the same devices (Ref 6). 

Synchronizer functions 
A synchronizer's function is to recognize the logic 

state at the input at any given instant. The output of 
a well-behaved synchronizer is a clear correlation of 
the sampling clock or periodic window function with 
the aperiodic and asynchronous external event or deci­
sion. In the case of the ideal or infinite-bandwidth syn­
chronizer, the time-domain decision is strictly binary; 
the event either occurred or did not occur. If the event 
time is smoothly slewed through the clock edge or 
window, the resulting decision moves discretely from 
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Fig 1-A timing graph illustraws the relationship of output propa­
gation delay with respect to data input time. The spike in the graph 
represents the region of possible metastable behavior. 

one clock period to the next in a monotonic fashion. 
In this ideal case, the synchronizer cannot fail because, 
as a state machine, it will only make transitions be­
tween its allowed states at the clock-period boundaries. 

In actual applications, the synchronizer is imple­
mented as one or more D flip-flops. These flip-flops 
have a nominal propagation delay when operated out­
side of the specified minimum setup-and-hold window, 
and the possibility of an increased or pathological 
propagation delay when operated within the window. 
The timing graph illustrates the relation of propagation 
delay to data-input transition time relative to the clock 
(Fig 1). The spike in the graph represents the region 
of possible metastable behavior. Depending on the 
amount of excess delay that succeeding logic stages 
can tolerate, the graph defines a short-term failure 
window. The position of this window can vary as a 
function of temperature, input-data state, clock pulse 
width, clock state at the time of data change, or operat­
ing frequency. This short-term window will usually 
fall within the larger specified setup-and-hold window 
of the flip-flop. 

If the changing event or signal presented to the D 
input of the synchronizer falls within the smaller short­
term window, there will be an increase in the clock-to­
output propagation delay of the synchronizer. The fi­
nal, stable state the output attains will be unpredict­
able. At some point, the lengthened propagation delay 
will violate the short-term window of one or more flip­
flops whose inputs are Boolean functions of the syn­
chronizer output. If only one flip-flop is driven by the 
synchronizer, it is, in effect, a second-stage synchro­
nizer. If the lengthened propagation delay of the signal 
falls outside the short-term window of the second flip­
flop, that second stage will make a clean decision as 
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The question is not whether a metastable 
state will occur) but rather how often meta­
stability of a duration greater than a speci­
fied time occurs. 

to the occurrence or non occurrence of the original event 
at each successive clock period. 

If there are two or mor~ flip-flops driven by the first 
synchronizer, it is extremely unlikely that they will 
have identical placement of their short-term windows 
relative to the system clock. If the output transition 
of the first synchronizer occurs before the short-term 
window of one of the succeeding flip-flops and after 
the short-term window of another, it is obvious that 
conflicting final states can occur. If the transition oc­
curs within the short-term window of one or more of 
the flip-flops, it is also likely that they will make differ­
ing decisions as to the state of the synchronizer output 
and, within some subset of that window, the meta­
stable condition will propagate further into the system. 
In either case, the logical integrity of the system will 
be compromised, synchronizer failure will occur, and 
a system crash will soon follow. 

MTBF models in system design 
A quantitative measure of synchronizer performance 

will buttress the preceding qualitative discussion. An 
MTBF model provides that quantitative tool; it lets 
you optimize system performance. This model is based 
on the concept of the "failure window"-tw(t) (Ref 4). 
This window is the range of data-event transition times 
for which the flip-flop's propagation delay is greater 
than t. You can represent this relationship as 

tw (t)=tp· 10 -(t-tp) , 
7" 

where tp is the nominal clock-to-output propagation 
delay of the flip-flop and T is the resolution time con­
stant. 

Although it is the base-10 form of the equation rather 
than the natural logarithmic base-e form, the equation 
is similar to that used in other research. Based on an 
analysis of the surrounding circuit, you can express 
the MTBF of the flip-flop in a specific application as 

where tF is the pathological delay sufficient to violate 
the setup requirement of one or more of the succeeding 
flip-flops, fc is the clock frequency of the synchronizer, 
and f0 is the data frequency or bandwidth of the syn­
chronized event. The constant 2 indicates that there 
are two transitions in one cycle of the data waveform. 
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This form of the MTBF equation was used in previ­
ous work (Ref 6) with an adaptation of a published 
test-fixture design (Ref 4) as a lOK ECL version to 
characterize the resolution time constant of bipolar 
ASIC flip-flop macros. This combination further ex­
tended the MTBF equation to the specific case of the 
2-stage pipeline synchronizer. 

Characterizing BiCMOS metastability 
The inclusion of bipolar internal buffers in BiCMOS 

ASIC arrays such as the AMCC Q14000 family pro­
vides the macro designer with an additional tool with 
which to address the reduction of the exponential time 
constant in the window and MTBF equations. Prelimi­
nary measurements indicate that design choices such 
as the placement of the set/reset gating as well as the 
use of a BiCMOS inverter to drive the transfer gate 
path has a significant impact on the metastability time 
constant. The ASIC user does not usually have the 
freedom or time to design custom flip-flops, but the 
user should inquire if the ASIC vendor has done such 
optimization and characterization. 

In many applications the combination of event band­
width and clock frequency may allow the single-stage 
synchronizer to provide adequate MTBF performance. 
In other situations system response-time limits (effec­
tive control-loop bandwidth, for example) may not al­
low multistage approaches. In either case, the system 
designer must evaluate the metastable hazard MTBF 
to ensure acceptable system reliability and, if required, 
provide a graceful recovery strategy to the next level 
of the system. In the case of the single-stage synchro­
nizer, you can combine the failure-window equation 
and the MTBF expression as 

Consider an application where you need to synchro­
nize an effective 9600-baud data stream with a 50-MHz 
clock (Fig 2). In this case, the 2·f0 term is replaced 
by the bit rate-9600. This function is well within the 
capabilities of 1.5-µm BiCMOS technology. Prelimi­
nary evaluation of representative AMCC BiCMOS flip­
flops show that the worst-case time constant (T) can 
range from 2.06 nsec for the FF04 to 1.22 nsec for the 
FF07. The clock-to-Q propagation delay of these two 
flip-flops is nearly identical; the difference in metasta­
bility characteristics is due to the more complex set/ 
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reset function of the FF04 relative to the reset-only 
FF07. 

You can make the first MTBF calculation assuming 
equal propagation delay and setup times of the succeed­
ing logic stage. Using 3. 75 nsec as the worst-case sum 
of propagation delay and setup time (tp in the above 
equation) for both macro types, and noting the period 
of the clock is 20 nsec, the MTBF for the FF04 in the 
case above is 20 hours; the MTBF of the FF07 in the 
same application is 613 years. As an example of the 
relative sensitivity of the above equation to changes 
in parameters, repeat the calculation assuming that 
the tp of the FF07 has been increased to 5. 0 nsec be­
cause of addit ional factors such as wire length or fan­
out. The MTBF of the FF07 version now falls to 58 
years. It is apparent that the choice of the correct 
macro by the ASIC user (and its optimized design by 
the ASIC vendor) has a much stronger effect on MTBF 
improvement than user choices of interconnect, place­
ment, and fan-out. 

As the clock period becomes smaller, or the inter­
stage gate delays and effective setup times increase, 
the tF - tp term in the MTBF equation shrinks, degrad­
ing the MTBF value. Similarly, an increase in the fn 
term by several orders of magnitude can have the same 
effect. If the bit rate in the preceding example is in­
creased to 25M baud, the MTBF for the FF04 drops 
to 27.5 sec. By comparison, the FF07 version of the 
synchronizer has an MTBF of 86 days. 

A r.. DAT 
9600 BA 

CLOCK 
50 MHz 

UD"' 

r.. 
'-' 

t-------1 

> 

SYNCHRONIZER 
FF07 

t=1 .22 nSEC 

I> .---1 

SUCCEEDING 
LOGIC 

STAGES 

t---1 I> 

Fig 2-A single-stage synchronizer can often '{ffovUle adequate 
MTBF performance. In this 9600-bau.d application, the FF07 
BiCMOS flip-flop with a worst-case time constant of 1.22 nsec can 
yield a theoretical MTBF of more than 600 years. 
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Fig 3-A 2-stage synchronizer has the advantage of '{ffesenting the 
potentially metastable decision of the first stage to the second stage. 
In this example, the combination of high event bandwidth and clock 
frequency necessitate the use of a first stage having a time constant 
of only 0.63 nsec. 

The Q14000 BiCMOS array can also support all-bipo­
lar structures in the I/O cells. Using this technique to 
construct a metastable-hardened bipolar flip-flop, the 
SP75, a worst-case time constant (1") of 0.63 nsec was 
measured. If this I/0-based flip-flop were used as a 
synchronizer in the 25M baud example, the MTBF rises 
to 1.6 x 1014 years. Though the performance of this flip­
flop in this application is impressive, the BiCMOS array 
has I/O bandwidth capabilities to 180 MHz. If the clock 
frequency of the previous example is doubled and the 
data frequency is raised to 50 MHz, the MTBF of the 
SP75 synchronizer falls to 23.5 hours. 

Multistage synchronizers 
The solution to this apparent roadblock to acceptable 

system reliability is a multiple-stage synchronizer. F ig 
3 shows a 2-stage version of such a synchronizer using 
the flip-flop macros discussed in the preceding exam­
ple. The principal advantage of this shift-register-like 
structure is that the potentially metastable decision 
of the first stage is presented to only one flip-flop, the 
second stage. The possibility of multiple conflicting de­
cisions is avoided until the next logic stage. The second­
stage flip-flop still has the possibility of being forced 
to a metastable condition, but the frequency of transi­
tions likely to fall in the short-term window is the 
reciprocal of the MTBF of the first stage for the tF 
corresponding to the worst-case position of that short­
term window. 

Although experimental observation of devices indi­
cates that the short-term window is about midway be­
tween the specified setup-and-hold times, conservative 
engineering would guide you to use the setup time as 
the worst-cas.e position. Substituting the expression 
for the reciprocal of the MTBF (the failure frequency) 
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At high clock frequencies) you may need a 
multiple-stage synchronizer to achieve 
acceptable MTBF performance. 

of the first stage into an MTBF expression for the 
second stage and simplifying, yields 

For the 2-stage synchronizer in this example, both 
tF1 and tF2 are 7. 75 nsec. Worst-case tp1 is 0.95 nsec 
and worst-case tP2 is 2.25 nsec. The time constants for 
the two flip-flops are -r1=0.63 nsec (for SP75); -r2 = 1.22 
nsec (for FF07). Inserting these values into the preced­
ing expression gives a value for the MTBF of the 2-
stage synchronizer as 5.98 x 109 seconds, or 189 years. 

Note that adding second, third, or more stages to 
the synchronizer delays the decision in a pipeline fash­
ion. This action narrows the effective short-term win­
dow at the input to the first stage. The definition of 
this effective window is the range of data-to-clock 
phase that will result in pathological delay at the out­
put of the last stage. No amount of additional stages 
will make the short-term window reduce to zero width, 
but you can reduce the probability of synchronizer fail­
ure to "acceptable" levels if you can define such levels, 
and if the system response-time requirement allows 
the pipeline delay. 

BiCMOS arrays allow a great expansion in the range 
of frequencies that VLSI ASICs can process. Just as 
a similar expansion in the capabilities of mainframe 
hardware and integration level required ECL design­
ers to address the realities of metastability, progress 
in BiCMOS challenges the VLSI ASIC user. EDN 
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PAD s is a Personal 
Computer based lJOO Printed Circuit 

board design system with 
many advanced features 
capable of outperforming 
most Workstation-based 
CAD systems-at a fraction 
of the cost. 

As the most productive PC 
based board CAD system avail­
able today, PADS-2000 can 
handle even the most complex 
designs including: double sided 
surface mount boards, mixed 
technology boards, high speed 
designs and layouts exceeding 
2000 !C's. 

PADS-2000design functionality 
includes: 
• Over 11,000 parts/32,000 

connections 
• 1 micron Resolution 
• True T-Routing capability 
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• Intelligent Copper Pour 
feature leaving isolated tracks 
and pads 

• 0.1° parts/pads rotation 
• Extensive Macro capability 
• Digital, Analog and Critical 

Circuit autorouters 

• On-line and Batch Design 
Rule Checking 

• Instant track/segment length 
measurement 

• Complete Forward/Backward 
ECO capability 

• Uses 32 bit/386 native code 
for increased speed and 
functionality 

• Easy-to-learn and Easy-to­
use 
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Call today for a demonstration 
at your local authorized CAD 
Software Dealer, or for a NO­
COST Evaluation Package. 

Ask about our affordable 
Leasing Plan. 

Call Today 
Inside MA: 

(508) 486-8929 
Outside MA: 

(800) 255-7814 

Software, Inc. 
119 Russell Street 

Littleton, MA 01460 
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One small step for PQFPs. 
One giant step for service 

Introducing the right technology at the 
right time----Our M>-pia:e Micro-Pitch 
sockets for JEDEC plastic quad flat 
pack !Cs. 

Our patented low-profile (.400'') 
Micro-Pitch sockets are a remarkably 
simple, safe way to mount high-speed, 
high-performance PQFPs. And their 
simplicity-in engineering, and in the 
minimum use of material-b~ them 
to you at a remarkably low price. 

AMP is a trademark of AMP Incorporated. 

PQFP as easy as 1-2-3 . 
. 025" centerline Micro­
Pitch sockets ease hand­
ling, automate readily. 
High-speed contacts pro­
vide oxide cleaning wipe 
action, 200 grams normal 
force for positive mating. 
Footprint on .075" x .100" 
three-row grid. 
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and manufacturing. 

The cover aligns IC leads for easy 
insertion into the base. It also protects 
the leads during handling. In fact, 
your PQFP supplier can insert chips 
into covers at his site, and send com­
pleted units to you. Result: hands-off 
installation. 

Our high-speed tin-plated contacts 
provide .020" to .030" of contact 
cleaning wipe during insertion, and a 
nonnal mating force of 200 grams on 
each contact. \ery posi!M engagement. 
And just the kind of quality engineer­
ing you can count on from AMP. 
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Micro-Pitch sockets have been 
designed with automation in mind, 
as well. They're fully polarized cover­
to-base, and base-to-board, and com­
patible with vacuum pickup, for fast 
robotic implementation. 

With today's chip costs, and with 
the high quality and low installed cost 

AMP is known for, this is one option 
you'll want to pick up. Fast. 

For technical literature and more 
infonnation, call the AMP Product 
lnfonnation C,enter at 1-800-5224;752 
and ask about Micro-Pitch Sockets. 
AMP Incorporated, Harrimurg, PA 
17105-3608. 

AMP Interconnecting ideas 

CIRCLE NO. 63 
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Choosing an 8- to 16-bit 
upgrade path can keep you on 
pins and needles. 

After all, it's a significant step 
that most designers are taking, 
since 8-bit performance isn 't 

enough. But no two paths are the 
same, so it's important to choose a 

simple, painless solution - Intel's MCS®-96 family. 
The 80C194 and 80C198 are the two newest 

members oflntel's 8096 Microcontroller Family. 
They let you step up to the higher-performance, 

© 1990 Intel Corpomrion 
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16-bit architecture you need without switching 
from your 8-bit data bus. And with the 80C194 and 
80C198, you're 100 percent compatible with the 
15,000,000 MCS-96's already sold. At a price that's 
competitive with many high-end 8-bit products. 

Of course, you still receive the full complement 
of compilers, assemblers, emulators and evaluation 
boards that you've come to expect from Intel. And 
if you're upgrading from the MCS-51 family, you'll 
receive an industry first to make the transition 
even easier- our TRANS51-96 converter. It's a new 
kind of converter that translates the bulk of your 
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Our 16-bit controller 
upgrade path avoids many 

piinful steps. 

MCS-51 software to MCS-96 instructions. 
Only Intel's MCS-96 family offers so many ways 

to save you time and development costs. Compre­
hensive training and support programs. A powerful 
family of fully compatible 16-bit controllers. And 
exciting, new development tools like ACE196'" soft­
ware. This first-of-its-kind expert system provides 
on-line documentation linked with assembly 
language that virtually eliminates the architectural 
learning curve. 

So take the first step to these new levels of 
performance. Simply call (800) 548-4725 and ask 

for Literature Department #LA56. We'll send you 
complete MCS-96 development mate1ials, including 
the ACE196 expert system and TRANS51-96 code 
converter. Call before July 31, 1990, and receive yet 
another first from Intel - a 20 percent discount on 
MCS-96 training. 

Otherwise, you could get stuck on an agonizing 
upgrade path. 
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Is Your.PC 
Really Up 
to Speed? 
You may think your PC is already up to speed, but what if it could run even faster? 

The fact is, with the Intel Math CoProcessor, your software can run up to 500% 
faster. 

And speaking of fast, installation is fast - and easy- because compatible PCs 
already have a socket for an Intel Math CoProcessor. And with Intel Math 
CoProcessors for PCs, ATs and 386'" microprocessor-based systems in stock, 
Hamilton/ Avnet can deliver in virtually no time. 

In fact, the only thing that isn't fast about the Intel Math CoProcessor is its five­
year warranty and the continuous service and support that you can count on from 
Intel. 

So don't waste another nanosecond. Get your system up to speed by calling 
Hamilton/Avnet, toll free, 1 (800) 442-6458. 

*386 is a trademark of Intel Corp. 
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real-time Ada 
Part 1 

Ada's fundamental 
language structures 

build reliable systems 

You can use the Ada pogramming language to build 
dependable real-time, embedded systems that work on 
a wide range of computing hardware. This article, the 
first in a 3-part series on Ada, illustrates the Ada 
features that support real-time pogramming and takes 
an in-depth look at multitasking. 

Benjamin M. Brosgol, Alsys Inc 

Ada's principal goals are program reliability, readabil­
ity, efficiency, and portability. Many real-time applica­
tion programs, such as those used in avionics, telecom­
munications, and manufacturing, need these features 
because of the large, complex, and long-lived pieces 
of software involved. Large programs beg for struc­
ture. Complex programs require modularity and well­
defined interfaces between modules. Long-lived pro­
grams must be readable so that people unfamiliar with 
the programs can maintain them. 

Ada achieves these goals through a structured-pro­
gramming approach that permeates the language. For 
example, Ada is called a "strongly typed" language, 
which means that it prevents you from making implicit 
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conversions between variables of different types. In 
addition, Ada will not allow you to call subprograms 
with arguments of the wrong type. The language re­
jects sloppy programming in favor of a more structured 
approach. 

Match the type to the data 
Ada lets you define many different data types so 

you can match a data type to the quantity that the 
variable represents. Scalar data types include numeric 
types for integer, floating-point, and fixed-point com­
putation, and enumeration types for mnemonic names 
of constant integer values. Array types and record 
types let you define composite data structures. You 
can use access types to obtain pointers to dynamically 
allocated data. "Subtypes" let you constrain a data 
type's allowable values without affecting the available 
operations. For instance, the predefined type INTE­
GER has a subtype, NATURAL, that includes only 
the non-negative values. 

Ada incorporates several features that aid in struc­
tured program control, such as conditional statements 
(if-the'Ylr--else and case), iterative statements (loop, 
while, and for) , and blocks (begin and end). Ada's proce­
dures and functions, collectively referred to as "subpro-
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Ada prevents you from making implicit con­
versions between variables of different types. 

grams," work in much the same way as they do in 
other traditional algorithmic languages. However, Ada 
forces you to be very specific about the subprogram's 
calling parameters, which may be specified as in (read 
only), in out (readable and updatable), or out (write 
only). All of these descriptions are from the subpro­
gram's viewpoint. Subprograms can be recursive, and 
you can nest them. 

types. Ada also offers the ability to define parameter­
izable program units (referred to as generic units). 
For example, the predefined SEQUENTIAL_IO pack­
age is generic with respect to the element type. To 
obtain sequential input or output operations for a par­
ticular variable type, the program instantiates SE­
QUENTIAL_IO with the desired variable type. This 
generic facility is one of the keys to defining reusable, 
parameterizable components in Ada. Multiple versions of a subprogram can have the same 

name, a facility known as "overloading." These like­
named subprograms are differentiated by the types 
of the parameters and, in the case of functions, by the 
type of returned result. Overloading lets you use con­
ventional mathematical notations-for example, "+ "­
for programmer-defined operations so you can create 
operations that work consistently over a range of data 

Packages provide modularity 
The language's fundamental unit for program modu­

larization is the "package," which lets you separate 
essential interface information from representational 
or algorithmic details. Implementation details within 
the package may change as program development un-

Fig 1-Ada programs consist of specifica­
tions and program bodies. The specifications 
list a module's interface characteristics, and 
the bodies contain the code to implement the 
rrwdule algorithms. (Note: Text beginning 
with - - and continuing to the end of a 
line is a comment.) 
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package SIMPLE_STATISTICS is 
type SAMPLE_TYPE is array (1 •• 10) of FLOAT; 
function AVERAGE ( SAMPLE : SAMPLE_TYPE ) return FLOAT; 
procedure SORT ( SAMPLE : in ou t SAMPLE_TYPE ) ; -- Sort in descending order 

end SIMPLE_STATISTICS; 

package body SIMPLE_STATISTICS is 
function AVERAGE ( SAMPLE : SAMPLE_TYPE ) return FLOAT is 

TOTAL : FLOAT := 0.0; -- Local variable, initialized to 0.0 
b egin 

for I in SAMPLE' FIRST • • SAMPLE' LAST loop 
TOTAL : = TOTAL + SAMPLE( I); 

end loop; 
r e turn TOTAL/ FLOAT(SAMPLE'LENGTH); -- TOTAL/10.0 

e nd AVERAGE; 

procedure SORT ( SAMPLE : in out SAMPLE_TYPE ) is 
TEMP : FLOAT; -- Local variable 

begin -- Interchange sort 
for I in SAMPLE ' FIRST • , SAMPLE ' LAST-1 loop 

for J in I+ l , , SAMPLE' LAST loop 
if SAMPLE(J) > SAMPLE(I) then -- swap them 

TEMP : = SAMPLE (I) ; 
SAMPLE( I) := SAMPLE(J); 
SAMPLE(J) := TEMP; 

end if; 
end loop; 

end loop; 
end SORT; 

end SIMPLE_STATISTICS; 

with SIMPLE_STATISTICS; use SIMPLE_STATISTICS; 
with SIMPLE_IO; 
procedure MAIN is 

begin 

SOME_NUMBERS : SAMPLE_TYPE; 
MEAN : FLOAT; 

for I in SOME_NUMBERS'FIRST •• SOME_NUMBERS'LAST loop 
SIMPLE_IO . GET(SOME_NUMBERS( I)); 

end loop; 
MEAN : = AVERAGE ( SOME NUMBERS ) ; 
SIMPLE_IO .PUT(MEAN); -
SORT ( SAMPLE => SOME_NUMBERS ) ; 
for I in SOME_NUMBERS'FIRST ,, SOME_NUMBERS'LAST loop 

SIMPLE_ IO. PUT( SOME_NUMBERS (I)); 
e nd l oop; 

end MAIN; 
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folds , so the separation of the package's interface infor­
mation from the working code encourages the separa­
tion of program design from its implementation. The 
"package specification" contains the module's interface 
description; algorithmic details appear in the "package 
body." 

Within a package, you can define a private variable 
type and subprograms. that work on data having that 
type. In this way, you control exactly which properties 
of the privately defined type are accessible to other 
portions of the program outside the package. The pack­
age must explicitly export these public properties. Pri­
vate variable. types support data abstraction and infor­
mation hiding and give Ada some of the characteristics 
of an object-oriented language. If you make a change 
in the representation of a private type (for example, 
by switching to a linked list instead of an array), this 
change is completely localized to the package; pro­
grams that use the package need not be modified. This 
language characteristic limits the effects of program 
changes to smaller, ' more manageable blocks of code. 

Rules cross separate compilation boundaries 
Ada permits separate compilation, which supports 

both top-down and bottom-up development. All lan­
guage rules are enforced across separate compilation 
boundaries, requiring that interface information rele­
vant to a compilation unit be preserved in a program 
library. Checking interfaces between separately com­
piled units saves time during system integration be­
cause mismatches between different parts of the pro­
gram are caught incrementally as the program is built 
and not during final program integration. 

Problems can also occur during a program's execu­
tion, so Ada provides exception-handling facilities for 
detecting and dealing with rare events, errors, and 
other unusual events that may occur during program 
execution. The language defines some exceptions, such 
as an index bounds violation; you may define others. 
A data-structure overflow is one example of a user­
defined exception. 

Fig 1 depicts an Ada program that comprises five 
compilation units: a specification and body for the pack­
age SIMPLE_STATISTICS, a main procedure 
(MAIN) that is called when the program starts, and 
the specification and body (which are not shown) of a 
package SIMPLE_IQ. The specification of the package 
SIMPLE-8TATISTICS declares a type SAMPLE_ 
TYPE that serves as a template for I-dimensional 
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floating-point arrays. Each object of this type has 10 
elements, indexed 1 to 10. The package specification 
also declares a function, AVERAGE, and a procedure, 
SORT. 

Localize the effects of change 
The package specification does not supply the algo­

rithms for the AVERAGE and SORT subprograms; 
instead, the package body contains these details. The 
notation SAMPLE'FIRST denotes the index of formal 
parameter SAMPLE's lower bound (which has a value 
of 1). Similarly, SAMPLE'LAST denotes the index of 
the array's upper bound (10), and SAMPLE'LENGTH 
denotes the number of elements in the array (also 10). 
Although the literal values 1 and 10 could have been 
used, it is better to refer to these values symbolically 
through the "attributes" 'FIRST, 'LAST, and 
'LENGTH. Using this method, you can localize the 
effects of a change in SAMPLE_TYPE's definition to 
one declaration. 

The compiler requires the clause "with SIM­
PLE_STATISTICS;" to appear in MAIN so that the 
compiler can find the definition of SAMPLE_TYPE 
and the SORT and AVERAGE subprograms. The sup­
plementary clause "use SIMPLE_STATISTICS;" in 
MAIN lets the program refer to names from the pack­
age SIMPLE_STATISTICS by their simple identifiers 
instead of using longer identifiers with prefixes that 
identify the package. MAIN also references the proce­
dures GET and PUT defined in package SIMPLE_IQ 
by the clause "with SIMPLE_IO;." The invocation of 
the SORT procedure 

SORT ( SAMPLE = > SOME_NUMBERS ); 

illustrates Ada's use of named parameters as opposed 
to a parameter passed by position-a feature many 
other programming languages don't offer. In this case, 
the array SOME_NUMBERS is passed as the array 
SAMPLE to the procedure SORT. Thus, you can use 
a formal parameter name as part of the syntax of a 
subprogram call, thereby improving the readability of 
the program. 

Ada's general-purpose facilities encourage sound 
programming practice and are useful for any program­
ming job, not just real-time applications. Real-time sys­
tems require two additional sets of capabilities: tasking 
features, which define parallel-processing units and 
their communicating and synchronizing methods; and 
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Isolating a package)s interface information 
from the code that does the work encourages 
the separation of program design from its 
implementation. 

low-level facilities, which deal with interrupt handling 
and machine-level representations. The remainder of 
this article discusses Ada's tasking features. Part 2 
discusses the language's interrupt-handling capabili­
ties. 

Concurrency in Ada 
If a language provides a mechanism for defining par­

allel activities (tasks), you should investigate the fol­
lowing issues: 

• How do I define a task? 
• How do two tasks synchronize or communicate 

with each other? 
• When does a task begin execution, and when 

does it terminate? 
• How is mutually exclusive access to a shared re­

source obtained? 
• How do I ensure that real-time processing con­

straints are met? 
• How is execution controlled if there are not 

enough processors for running all eligible tasks 
(that is, what is the scheduling strategy)? 

An Ada "task" is a program unit somewhat similar 
in form to a package. It consists of two parts: a "speci­
fication," which defines the task's interface to other 
program units, and a "body," which defines the task's 
algorithmic behavior and its interactions with other 
tasks. The interface defined by the task specification 
consists of a set of "entries"-names and parameters 
for sections of the task body's code that are used for 
synchronization or communication with other tasks. 
Each entry can be considered a service offered by this 
task to other tasks. Note that a task need not declare 
any entries in its specification. This situation might 
arise when the task offers no services to other tasks 
and is just a user of other tasks' services. 

An entry is a generalization of a subprogram ex­
ported by a package. A package's subprogram exer­
cises no control over the sequencing of calls from sepa­
rate tasks. The same subprogram may have several 
simultaneous activations (and several copies of its local 
data) if called from several tasks; thus subprograms 
are re-entrant. However, this situation can lead to 
errors if the subprogram modifies nonlocal (shared) 
data. By limiting subprogram access through an entry, 
the task body determines the circumstances under 
which the entry's code body will be executed and the 
Ada tasking semantics ensure that this code is only 
executed on behalf of one task at a time. If several 
customers try to call the same entry at the same time, 
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they will be queued and serviced one at a time. 
An example of a task specification follows: 

task SENSOR_DAT.A_MONITOR is 
entry SET ( ITEM : in SENSOR_DATA_TYPE ); 
entry GET (ITEM: out SENSOIL.DATA._TYPE ); 

end SENSOR-DATA-MONITOR; 

This task provides mutually exclusive access to an ob­
ject of type SENSOR_DATA-TYPE. It assumes that 
other tasks may make asynchronous attempts to 
change the value of the object or read the object's value 
at any time. These other tasks use the SET entry call 
to assign a value to the data object and the GET entry 
call to retrieve the object's value. 

Concurrent tasks interact through a mutual but 

CUSTOMER CUSTOMER CUSTOMER 
EXECUTES WAITS CONTINUES 

CUSTOMER j--- - - - •I 1---~ 

(a) 

t j CUSTOMER j 
CUSTOMER ' WAITS ' 

CALLS SERVER I - - - - - - - I 
I I 
j RENDEZVOUS j . . 

I SERVER I 
' PROCESSES ' 
I CUSTOMER'S I 

SERVER -------l~j REQUEST : ---I~ 
SERVER . SERVER 

EXECUTES CONTINUES 

SERVER READY 
TO ACCEPT CALL 

CUSTOMER 
CALLS SERVER 

CUSTOMER 
CONTINUES 

CUSTOMER -------~I 1---~ 

CUSTOMER 
EXECUTES 

SERVER READY 

j CUSTOMER 
• WAITS 

I 

1-------1 

I I 
j RENDEZVOUS j . . 

TO ACCEPT CALL I SERVER j 
f ' PROCESSES ' 

I CUSTOMER'S I 
CUSTOMER ---I .. ~ I - - - - - - " '. REQUEST :---~ 

SERVER SERVER SERVER 
EXECUTES WAITS CONTINUES 

(b) 

Fig 2--During a rendezvous, customer and server tasks achi.eve 
synchronization by waiting for each other, if necessary. In a, the 
customer task waits for the server. In b, the server task waits for the 
customer. 
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asymmetric arrangement known as a "rendezvous." 
The task body contains one or more "accept" state­
ments for each entry declared in the specification for 
that task. Each accept statement corresponds to a 
point when the executing task can provide the service 
for the corresponding entry. An example of an accept 
statement from the body of SENSOR_DATA_ 
MONITOR is 

accept GET ( ITEM : out SENSOR_DATA._TYPE ) 
ITEM : = SENSOR_DATA; 

end GET; 

where SENSOR_DATA is the local data object that 
is being protected by the task. 

Other tasks interact with an accepting ("server") 
task by issuing entry calls. For example, a task that 
assigns the current value of SENSOR_DATA to the 
variable SOME_DATA would contain the entry call: 

SENSOR_DATA._MONITOR.GET ( SOME_DATA ); 

When the server task reaches an accept statement for 
an entry, and a calling ("customer") task is waiting for 
its call to be serviced, the server task executes the 
code associated with the accept statement while the 
customer task is still suspended. This event sequence 
is the rendezvous. Following execution of the server 
task's accept statement, both the customer and the 
server tasks can proceed again in parallel. 

Serving the unknown task 
The rendezvous is asymmetric because a customer 

task always specifies the name of the task when it calls 
an entry, but the server task's accept statement is 
anonymous-any customer will be served. This asym­
metry makes it easier for you to define server tasks 
as reusable components because you don't need to 
make assumptions about the identities of the calling 
tasks. 

The effect of a rendezvous depends on which of the 
two partners is the first to attempt communication. 
It's unlikely that the server task will reach an accept 
statement at precisely the moment when the customer 
task issues a corresponding call. If a customer task 
tries to call the entry of a server task, but the server 
isn't ready, (Fig 2a) , the customer task's execution 
suspends, freeing its processor for running other tasks. 
The customer task is placed in a queue associated with 
the entry that was called. The server task services 
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task SENSOR DATA MONITOR ~ 

entry SET ( ITEM : i,SENSOR_DATA_TYPE ) ;· 

entry GET ( ITEM : out SENSOR_DATA_TYPE ),; 

end SENSOR_DATA_MONITOR; 

task body SENSOR_DATA_MONITOR is 

begin 

SENSOR_DATA : SENSOR_DATA_TYPE; 

accept SET ( ITEM : in SENSOR_DATA_TYPE ) do 

SENSOR_DATA :• iTEM ; 

10 end SET; 

11 loop 

12 select 

13 accept SET ( ITEM : in SENSOR_DATA_TYPE ) do 

14 SENSOR_DATA :• ITEM; 

15 end SET; 

16 or 

17 accept GET ( ITEM : out SENSOR_DATA_TYPE ) do 

18 ITEM :• SENSOR_DATA; 

19 end GET; 

20 or 

21 terminate; 

22 end select; 

23 end loop; 

24 end SENSOR_DATA_MONITOR; 

Fig ~You can use the accept statement to create a task that offers 
nwre than one service to other tasks. (Note.-Line numbers are for 
reference purposes only and are not part of the source program text.) 

this queue in FIFO order. On the other hand, if a 
server task reaches an accept statement for an entry 
call, but no callers are pending (Fig 2b), the server 
task suspends. As soon as a customer task calls that 
entry, the server awakens and executes its accept 
statement. 

Ada's tasks offer you considerable flexibility. For 
example, you can nest tasks. A task comes into exis­
tence as a separate parallel activity when the unit in 
which it is declared begins executing its statements. 
A task completes its execution when it reaches the end 
that terminates the task's statement sequence. Note 
that you can create a task that does not terminate. 
For example, a real-time system may require a task 
to execute an algorithm in an infinite loop. Further, 
programmers commonly use infinite loops for server 
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Named parameters help you improve your 
program)s readability. 

procedure TEST_MONITOR is 

2 type SENSOR_DATA_TYPE is ••• ; -- Details not relevant 

task SENSOR_DATA_MONITOR is ••• end SENSOR_DATA_MONITOR; 

4 task body SENSOl\__DATA_MONITOR is ••• end SENSOR_DATA_MONITOR; 

task DEVICE_SIMULATOR; 

task DEVICE_SIMULATOR is 

DEVICE_DATA : SENSOl\__DATA_TYPE; 

8 begin 

• • • SENSOR_DATA_MONITOR. SET( DEVICE_DATA); 

10 ••• SENSOR_DATA_MONITOR.SET(DEVICE_DATA); 

ll end DEVICE_SIMULATOR; 

12 task DATA_ COLLECTOR; 

13 task DATA_COLLECTOR is 

14 RAW_DATA : SENSOl\__DATA_TYPE; 

15 begin 

16 ••• SENSOR_DATA_MONITOR.GET(RAW_DATA); 

17 end DEVICE_SIMULATOR; 

18 begin 

19 -- SENSOl\__DATA_MONITOR, DEVICE_SIMULATOR, and DATA_COLLECTOR activated here 

20 

Fig 4-Ada's tasking constructs let you 
create independent tasks that execute in par­
allel. 

21 end TEST_MONITOR; 

tasks. Ada provides a mechanism to arrange an orderly 
shutdown of a task when no further interactions with 
it are possible so that tasks with infinite loops need 
not run forever. 

Ensuring exclusive access 
You can program mutual exclusion quite reliably in 

Ada. If your application requires mutually exclusive 
access to a data structure, you can declare the data 
local to the body of a protector (or "monitor") task. 
The monitor task allows access to the data only through 
accept statements. Thus all program access to that 
data is funneled through a single control thread. If 
several customer tasks try to access the data simulta­
neously, they will be queued and serviced in FIFO 
order. You control the degree of mutual exclusion when 
you write the monitor task. This approach is more 
secure than other exclusionary programming tech­
niques such as semaphores, where mutual exclusion 
depends on all customer tasks observing the sema­
phore's protocol. Ada enforces mutual exclusion 
through the nature of the call-and-accept mechanism. 
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Ada also provides explicit timing control. A prede­
fined fixed-point type named DURATION measures 
relative time, and a private type named TIME in the 
predefined package CALENDAR tracks absolute time. 
The DELAY statement suspends a task's execution 
for a specified DURATION value and thus allows you 
to program periodic activities. Other tasking state­
ments let you program timed waits for entry calls and 
accept statements, so that server or customer tasks 
can proceed with execution if the rendezvous has not 
started within the specified period. 

You can control task scheduling by assigning priori­
ties to tasks. During execution, if a high-priority task 
becomes eligible to run-perhaps after the expiration 
of a delay-then the program's scheduler will pre-empt 
execution of a lower-priority task, if necessary, to run 
the high-priority task. During a rendezvous, if the 
server and customer tasks have different priorities, 
the accept statement executes at the higher of the two 
tasks' priorities. 

If your application program requires a number of 
tasks that have the same algorithmic behavior, you 
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can use Ada's "task type" facility to obtain this effect. 
Because Ada treats tasks as data objects, you can as­
sign a type to a task. A task type is a template for 
task objects and provides considerable expressive 
power especially when combined with "access types." 
An access type whose instances designate task objects 
allows the dynamic creation of tasks, linked lists of 
tasks, and other useful forms. 

Putting the fundamentals together 
Tasking programs frequently employ monitor tasks. 

Fig 3 shows an example of a monitor task that encapsu­
lates access to a sensor data structure. The handler 
for a hardware interrupt, as will be shown in more 
detail below, can call the SET entry to write a new 
value for the data. Alternatively, this entry can also 
be called by software tasks. A software task can call 
GET periodically to read the current value of the data. 

Ada's tasking semantics and visibility rules provide 
mutually exclusive access to SENSOR_DATA through 
the accept statements for GET and SET in the body 
of SENSOR_DATA_MONITOR. If two customer 
tasks try to rendezvous with SENSOR_DATA_ 
MONITOR simultaneously, then only one of them will 
get through, and the other will be queued. 

SENSOR_DATA_MONITOR illustrates a very im­
portant Ada tasking construct, the "select" statement, 
which appears in lines 12 through 22 of Fig 3. You use 
this statement when you want to create a task that 
provides more than one kind of service-here GET 
and SET-and that can accept a call for any of the 
services offered. For each service offered, the task 
contains an accept statement within the select state­
ment (lines 13 and 17). As illustrated in line 21, there 
may also be a special branch within the select state­
ment to allow the task to shut down gracefully through 
self termination. 

The task chooses which service to provide based on 
which service has pending customers. If no customers 
await service, the server task suspends until a call for 
one of its services is received. If exactly one service 
has customers in its queue, the first customer in the 
queue (the one waiting the longest) is served. If several 
of the queues contain customers, the task chooses one 
of the queues and serves the first customer in that 
queue. Ada's definition does not designate which of 
the non-empty queues the task should serve first al­
though some implementations of the language may 
specify a scheduling discipline or allow you to exercise 
some control over the choice. 
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OEVICE_SIMULATOR SENSOR_DATA_MONITOR OATA_COLLECTOR 

1 I I I 

2 I accept SET I 

3 I - SENSOR_OAT A_MONITOR.GET 

4 I -
5 SENSOR_OAT A_MON !TOR.SET - -
6 - ..._ rendezvous --.. I -
7 I I -
8 SENSOR_OAT A_MONITOR.SET I -
9 - I -

10 - select -
11 - accept GET -
12 - I ..-- rendezvous -... -

13 - I I 

14 - select I 

15 - accept SET I 

16 - .-rendezvous-.. I I 

17 I I 

18 I select 

19 I -
20 I 

21 terminate 

22 

KEY : "I" = TASK EXECUTING; · - · = TASK SUSPENDED;···= TASK TERMINATED 

Fig 5-Correct execution of the server task is independent of the 
order in which entry calls occur. 

Tracing the execution of SENSOR_DATA_ 
MONITOR illustrates the semantics of Ada tasking and 
the select statement. SENSOR_DATA_MONITOR 
activates when the unit in which it is declared reaches 
the beginning of its statements. For example, SEN­
SOR_DATA_MONITOR might be declared in a proce­
dure with the skeletal form shown in Fig 4. After this 
procedure reaches begin, its three "children" tasks 
SENSOR_DATA_MONITOR, DEVICE_SIMULA­
TOR, and DATA_COLLECTOR activate and execute 
in parallel. 

Suppose that the time ordering of the various tasking 
interactions is as shown in Fig 5. When SEN­
SOR_DATA_MONITOR reaches its first accept state­
ment for SET (line 2), no call is pending. Thus SEN­
SOR_DATA_MONITOR suspends (line 3). Subse­
quently DATA_COLLECTOR calls SENSOR_ 
DATA_MONITOR.GET (line 3) and suspends. Even­
tually DEVICE_SIMULATOR calls SENSOR_ 
DATA_MONITOR.SET (line 5). This event awakens 
the server task, which executes the rendezvous 
and then proceeds in parallel with DEVICE_ 
SIMULATOR. 

DEVICE_SIMULATOR calls SET again on line 8 
before SENSOR_DATA_MONITOR has reached its 
select statement. DEVICE-SIMULATOR therefore 
suspends. Eventually SENSOR_DATA_MONITOR 
reaches its select statement (line 10), with both the 
SET and GET queues non-empty. In this example, the 
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A task need not declare any entries if it 
provides no services to other tasks. Such a 
task may only consume services. 

scheduler then decides that the server task will serve 
the GET queue, and SENSOR_DATA._MONITOR 
executes a rendezvous with DATA._COLLECTOR 
(line 12). Following the rendezvous, DATA_ 
COLLECTOR proceeds while SENSOR_DATA_ 
MONITOR goes around the loop and hits its select 
statement once again (line 14). 

This time, there is only one non-empty queue (for 
SET), so SENSOR_DATA._MONITOR accepts DE­
VICE_SIMULATOR's call (lines 15 and 16). SEN-

Glossary of Ada language terms 

Accept statement (for an entry)-A tasking state­
ment that indicates a server task's readiness to syn­
chronize or communicate with any caller. If no call 
is pending for the entry in question, the accepting 
task is suspended. ' 
Access type-A data type whose values designate 
(or point to) dynamically created objects. 
Block-A compound statement that can introduce 
local declarations. 
Delay statement-A statement that suspends a task 
for a specified duration. 
Entry-The interface to a task, used for synchroniz­
ing and communicating. 
Entry call-A statement that indicates a task's 
readiness to synchronize or communicate with the 
server task that has declared the entry. If the server 
task is not ready to accept the call, the caller is 
suspended and placed in the queue corresponding 
to the called entry. 
Entry family-A set of entries typically used to 
program prioritized selection of callers. 
Exception handling-An Ada feature that allows 
the programmer to specify actions in response to 
runtime errors or other unusual events. 
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Exception propagation-The action a subprogram 
takes when it cannot handle an exception locally. 
Generic-A template for a package or subprogram. 
It can accept parameters that select types, subpro­
grams, or objects for inclusion in a particular pack­
age or subprogram the generic produces. 
Interrupt entry-An entry corresponding to a hard­
ware interrupt. The accept statement for this entry 
performs interrupt-handling functions. 
Overloading-The ability to have the same name 
designate different declared program entities. 

SOR,_DATA._MONITOR will execute its select state­
ment once more, on the next iteration of the loop, but 
because there are no pending calls to either entry, it 
suspends (line 19). The customer tasks eventually ter­
minate normally (lines 17 and 20). Because no further 
communication with SENSOR_MONITOR_TASK is 
possible after these other two tasks terminate, SEN-· 
SOR_MONITOR_TASK sele~ts its terminate alterna­
tive (line 21), and the task terminates (line 22). Note 
that putting SENSOR_DATA._MONITOR's accept 

Package-An Ada feature for grouping related enti­
ties together. It comprises a separately compilable­
specification and body, and is the basic unit of pro­
gram modularity in Ada. 
Priority-A mechanism for indicating which of sev­
eral tasks eligible for execution should be given to 
the processor. 
Private type-A type whose representation is inac­
cessible outside the defining package and whose ob­
jects can only be manipulated by the package's op­
erations. Private types support data abstraction and 
information hiding. 
Program library-A database of information about 
compiled units that allows language-rule enforce­
ment across separately compiled units. 
Rendezvous-The Ada task-synchronizing and 
-communicating primitive. It is the server's execu­
tion of an accept statement on behalf of the longest­
waiting task that has called the entry. 
Representation clause-An Ada feature that lets 
end users specify type representation, machine ad­
dresses for declared program entities, and other 
low-level characteristics. 
Select statement-A statement that lets a server 
task accept an entry call from one of several tasks. 
Server task-A task that declares an entry. 
Strong typing-A means· of categorizing data ob­
jects based on the kinds of operations that can be 
performed on them. 
Subprogram-A code module; either a procedure 
or a function. 
Subtype-A constrained set of values from a type. 
Task-The unit of parallelism in Ada. 
Task type-A template for creating task objects. 
Type-A template for creating data objects. 
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The CMOS Compatible Centigrids® 

• Driven directly from CMOS logic 

• No amplification or buffering needed 

•Fewer components/connections = greater reliability 

•Both latching & non-latching versions available 

That's right. These little relays 
are truly CMOS compatible. You 
can drive them directly with 
CMOS level signals. No outside 
amplification at all. An integral 
power FET driver gives you all the 
amplification you need. A large 
Zener diode protects the FET gate 
input. An~ all this plus a DPDT 
relay and coil suppression diode 
are packed into a tiny Centi grid can. 

You can see the advantages up 

front. Fewer components and 
connections mean increased relia­
bility. Simpler board layout, too. 
Add to that the rugged construction 
and proven contact reliability that 
have made Centigrid a byword in 
the industry, and you have a sure 
winner. One that's QPL approved 
to MIL-R-28776/7 and 8. One 
thing more . One version of this 
little b.eauty is also a Maglatch. A 

short pulse of power sets the relay, 

and it stays that way until it is reset. 
No holding power is required. 

That makes it ideal for applications 
where power is at a premium. 
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Centigrid. It is available in general 
purpose (116C) sensitive (136C) 
and Maglatch ( 122C). Call or 
write for complete information. 
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Concurrent tasks interact through a mu­
tual but asymmetric arrangement known 
as a ((rendezvous.)) 

statement for SET before the select loop ensures that 
the monitor data item is always assigned a value before 
it can be read. As illustrated in Fig 5, any customer 
that calls GET will suspend until the server task ac­
cepts at least one call to SET. 

For simplicity, this specific example showed only 
two customer tasks that called different entries. For 
this scenario, the maximal length of either queue is 
one. In more general cases, the queue sizes can be 
greater than one. Moreover, SENSOR_DATA_ 
MONITOR is written so that two tasks cannot obtain 
the protected variable's value through GET simultane­
ously. This condition is more restrictive than neces­
sary. You can write the monitor task in a more general 
way to allow simultaneous read accesses while still 
preventing simultaneous writes or a simultaneous read 
and write. An example of such a read/write task ap­
pears in Ref 1. 

Limiting services as needed 
The monitor task illustrates the basic form of _the 

select statement, in which a task can provide any of 
its services at any time. In some situations, you may 
need to restrict some services. For example, consider 
a task that encapsulates a bounded (also called a circu-

LOCATION 
MAX - 1 

NEXT_IN 

.... .... 
./' 

,,,." 

/ 

NEXT OUT 
(OLDEST 

/ ELEMENT) 

• I 
I 
I 
I 
I 

I 
I 

I 

/coUNT 
/ 

* = STORED ELEMENT 

Fig ~A bounded buffer starts out empty and can become full. The 
task that implements this buffer must not accept calls to remove 
elmnents when the buffer is empty (or the buff er will underflow) and 
must not accept calls to insert elements when the buff er is full (or 
the buffer will overflow). 
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lar or ring) buffer with entries that allow other tasks 
to insert or remove buff er elements. A task cannot 
insert an element into the buff er if the buff er is full. 
Any task trying to perform this operation should sus­
pend until there is room in the buffer. Similarly, a task 
cannot remove an element if the buffer is empty. 

Placing special conditions called "guards" on the se­
lect statement achieves this effect. The program evalu­
ates the guard expressions first. Any guards that test 
false are ignored and are said to be "closed." Only 
those branches with true ("open") guards, together 
with those branches that don't contain any guards, are 
considered as candidates for selection. After eliminat­
ing closed branches, selection occurs as for a simple 
select statement. 

You can build a bounded buffer (Fig 6) using the 
guarded select statement shown in Fig 7. Initially the 
buffer contains no elements (COUNT is 0), and any 

task BUFFER is 

entry INSERT (ITEM: in ELEMENT_TYPE); 

entry REMOVE (ITEM: out ELEMENT_TYPE); 

end BUFFER; 

task body BUFFER is 

begin 

RING : array (0 .. !o'.AX-1) of ELEMENT_TYPE; 

NEXT_IN, NEXT_OUT: INTEGER range O •• MAX-1 := 0; 

COUNT : INTEGER range 0 .. MAX : = 0; 

loop 

select 

or 

or 

when COUNT > 0 => 

accept REMOVE (ITEM: out ELEMENT_TYPE) do 

ITEM := RING(NEXT_OUT); 

end REMOVE; 

NEXT_OUT : = (NEXT_OUT + 1) mod MAX; 

COUNT :=COUNT - l; 

when COUNT < MAX => 

accept INSERT (ITEM: ELEMENT_TYPE) do 

RING(NEXT_IN) := ITEM; 

end INSERT; 

NEXT_IN := (NEXT_IN + 1) mod MAX; 

COUNT :=COUNT+ l; 

terminate; 

end select; 

end loop; 

end BUFFER; 

Fig 7- Guarded select statements allow you to selectively activate 
and deactivate a task's services based on changing conditions. 
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A lot of buyers 
are still in the dark 

That's our fault. We just haven't met them all. Haven't 
given them the latest facts. So they're still buying traditional 
or chip resistors. For companies that are still using compo­
nents that need more space, deliver decreased performance 
and are altogether less reliable. At greater cost than semi­
custom Erisistor resistor networks. 

All of which helps to explain why the world's leading 
manufacturers have rapidly become our customers. Top 
quality companies who are now saving up to 35 % on 
handling costs. Economizing on time, documentation and 
manpower. Cutting costs in component ordering, receipt, 
inspection, storage and assembly. 

And with a relative tolerance of 0.1 % , they're gaining 
10 times more performance than a discrete resistor. Plus 4 
times better power dissipation. So heat peaks are elimina-
ted, hot spots avoided and reliability doubled. And by 
using Erisistor networks, resistance values and varying 
tolerances can be mixed, and connected to any configura-
tion required. Automatically. Not to mention a 30 % space 
saving on their PCB's. 

And you still question the savings of an Erisistor semi­
custom network over traditional resistors? Quite right. So 

did all our customers. Until they discovered that these 
unique semi-custom components are made in the world's 
most sophisticated and fully automated production line. · 
Backed by a cost-free PC program which lets them specify, 
design and order. In real time. To give manufacture and 
delivery in less than a few weeks. 

With all the speed, technology and low manufacturing 
costs that guarantee a good price, on-time supplies and 
very fast delivery times. Plus all the savings that only 
resistor networks can provide. A rare semi-custom compo­
nent that offers a unique combination. High quality and 
low cost. Erisistor. Call us for all the facts. 

ERICSSON 
Ericsson Components Inc. 
403 International Pkwy 
Richardson , TX 75085-3904 
Telephone (214 ) 480-8300 
Telefax (214 ) 680-1059 
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Ada's tasking semantics and visibili-ty rules 
provide mutually exclusive access to vari­
ables through accept statements. 

task attempting to call REMOVE will be suspended 
and queued because only the INSERT branch of the 
select statement is open. After a task calls INSERT, 
BUFFER puts the element passed by the call into the 
RING array and increments COUNT. The next time 
through the loop, both branches of the select statement 
are open and calls to either INSERT or REMOVE can 
be accepted. If a stream of calls from producer tasks 
fills RING (COUNT = MAX), then the INSERT 
branch will close and subsequent producers will sus­
pend when they call INSERT. If a consumer task even­
tually calls REMOVE so that RING is no longer full, 
both branches will again be open so that BUFFER can 
accept calls from producers or consumers. 

The BUFFER task is usefuf for producer-consumer 
application programs. Note that both producers and 
consumers are customers of BUFFER. This is a com­
mon situation in Ada; you often create a task to provide 
resource encapsulation. Tasks that use this resource 
do so via entry calls. Thus the producer and consumer 
tasks can proceed asynchronously. The buffer elimi­
nates the need for a producer to wait for an item to 
be consumed before producing the next one. If you 
programmed the producer and consumer tasks to com­
municate directly, the rendezvous semantics would in­
duce unwanted synchronization. 

The BUFFER algorithm illustrates yet another im­
portant point. The rendezvous code for each entry cop­
ies the item into or out of the RING array; it does not 
perform the additional housekeeping operations such 
as incrementing or decrementing COUNT. Your tasks 
should perform housekeeping operations after the ren­
dezvous in the lines following the accept statement. 
Putting these operations outside the accept bodies in­
creases the system's parallelism, because the customer 
task can continue as soon as the rendezvous completes. 
If the housekeeping code were in the accept state­
ments, the program would still work, but the customer 
tasks would be unnecessarily suspended for the addi­
tional time required to execute this code. 

Don't abuse priorities 
Ada allows you to assign priorities to tasks, but you 

should not use task priorities to force synchronization 
to occur in a certain order. Such an approach reduces 
the language's flexibility in a wide range of applications 
and encourages an error-prone programming style. For 
example, the use of priorities to enforce a desired 
schedule could result in different (incorrect) behavior 
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when you port your program from one processor to a 
multiprocessor environment. 

The rules for task scheduling in Ada require a pro­
gram to use task priorities in only one situation. If 
two tasks with different priorities are both eligible for 
execution and could sensibly be executed using the 
same CPU, then the task with the higher priority must 
execute while the task with the lower priority suspends 
(Ref 2). However, entry service occurs on a FIFO 
basis regardless of priority (a rule based on efficiency 
considerations). In addition, when a select statement 
has several open alternatives, implementations need 
not take priorities into account when deciding which 
one to accept. Instead, for example, they can take 
fairness criteria into account. 

These characteristics of Ada's priority rules have 
attracted some criticism. For certain applications, a 
task's importance can change during the program's exe­
cution. Ada's priority rules don't match this mode-de­
pendent change in a task's importance. To meet the 
real-time deadlines for such applications, the schedul­
ing mechanism for entry service and for choosing 
among a select statement's alternatives must take into 
account the importance of these tasks. Implementation­
specific facilities offered by various Ada systems ad­
dress these issues. 

If your application requires priority-based entry 
service, you can make use of an Ada feature known 
as "entry families," which creates multiple entry 
queues for customer tasks with different priorities (one 
queue for each priority level). Guards for low-priority 
queues can check the higher-priority queues before 
opening. If any of the higher-priority entry queues 
contain at least one customer, the guard on the lower­
priority queue remains closed. The server task thus 
accepts calls from low-priority customer tasks only 
when there are no pending calls from higher-priority 
customers. 

Ada language implementations can solve the problem 
of nondeterminism when there are several open alter­
natives in a select statement by providing directly or 
letting you dictate the use of task priorities. A similar 
method can resolve problems created by the static na­
ture of Ada's predefined subtype PRIORITY. A lan­
guage implementation can provide a more general con­
cept than PRIORITY and thus allow dynamic manipu­
lation of task priorities. 

You can also obtain the effects of priority scheduling 
for entry service and select statements through a sim-
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NEW 
OPTOCOUPLERS 

Available in hermetic, 8-pin DIP and a custom 
hybrid-mount Chip-Carrier packages 

lsolink specializes in the manufacture of 

high-performance and application-specific 
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lsolink Inc. • 501 Valley Way• Milpitas, CA 95035 
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CIRCLE NO. 11 

ple programming style, without any support from the 
Ada implementation. Define the priority of each server 
task to be greater than the priority of any of its custom­
ers. This is equivalent to having nonpre-emptable serv­
ers. So long as such tasks do not block, there is no 
way that queues will form or that more than one entry 
can have a pending caller. 

Ada's design intentionally leaves many of the task­
scheduling decisions open rather than settling on a 
particular strategy, since such flexibility extends the 
language's range to a wide class of applications. Conse­
quently, various Ada implementations can provide the 
capabilities required for real-time and many other 
kinds of programs. Thus, Ada allows you the flexibility 
to create real-time systems while avoiding the chaotic 
programming styles often employed to create such sys­
tems. EDN 

References 
1. Barnes, John, "Programming in Ada (3rd edition),'' Ad­

dison-Wesley Publishing Co, 1989, Sections 14.5 and 14.7. 
2. "ANSI/MIL-STD-1815A Ada Reference Manual,'' Sec­

tion 9.8, Paragraph 4. 

Author's biography 
Benjamin Brosgol is vice presUlent and 
technical director at Alsys Inc 
(Burlington, MA). He is in charge of 
the company's Ada training and con­
sulting, has helped develop Ada com'[fil­
ers and computer-based training -prod­
ucts, and is the chairman of the Com­
mercial Ada Users Working Group of 
the SIGAda professional society. Ben­
jamin holds an MS and PhD in Applied 
Mathematics from Harvard University 
in Cambridge, MA, and is a member 
of both the IEEE and the Association 
for Computing Machinery . 

Article Interest Quotient (Circle One) 
High 491 Medium 492 Low 493 

EDN September 3, 1990 



Chill out, PAL. 
Many designers have hot, high-performance 

designs . Literally. 
Fortunately, Intel has a simple way to reduce 

system heat and still get incredible performance. 
The µPLO Family of programmable logic devices. 
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1/4 the power of their pin-compatible bipolar 
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system heat by 35 percent and help reduce 
board-level failures, too. So they're certain to 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Rectifier converts wideband sine waves 

Greg Schaffer 
Maxim Integrated Products, Sunnyvale, CA 

The circuit in Fig 1 converts the amplitude of ac sine 
waves to an equivalent de level over a 10-MHz band­
width. The circuit's video op amps have transconduc­
tance output stages, which suit the circuit's active rec­
tifier. Table 1 shows the circuit's output voltage at 
different input levels and frequencies. 

Op amp ICiA is a scaling amplifier whose inputs offer 

Table 1-Frequency response 

Yin 
Your CV de) at frequency (MHz) 

(Vrms) 0.001 0.010 0.100 1.00 2.00 3.00 5.00 7.00 10.0 

0.010 0.0096 0.0096 0.0094 0.0072 0.0045 - - - -
0.030 0.0298 0.0298 0.0296 0.0279 0.0238 0.0205 0.0142 0.0076 -
0.100 0.1002 0.1002 0.999 0.968 0.931 0.894 0.828 0.752 0.616 

0.300 0.3016 0.3015 0.3011 0.2959 0.2914 0.2876 0.2815 0.2728 0.2570 

1.000 1.005 1.005 1.003 0.995 0.986 0.979 0.970 0.948 0.920 

1.500 1.492 1.493 1.489 1.478 1.464 1.446 1.398 1.351 1.284 

5V 

'::" 

R, 

499 
1% 

R, Ra 
180 75 

'::" 5% 5% 

-5 v 

ca 

R, 

I .. ,, 
1 k '::" 

1% 

--

no appreciable load to the signal source. Resistors Ri 
and R2 set this stage's closed-loop gain to a level that 
both compensates for small-signal losses arising from 
the amplifiers' low open-loop gains and boosts the sig­
nal voltage from an rms level to an average, equivalent 
de level. R3 and C3 compensate this amplifier to achieve 
unity-gain stability. 

In the second stage, ICrn is an active full-wave recti­
fier with differential de output. R5, R6, and Di rectify 
negative-output signals. R9 and C4 form a lowpass fil­
ter, as do Rio and C5• The de output is the sum of two 
equal and opposite signals. You could also use either 
signal alone and multiply it by two to get the proper 
de level. 

The circuit can handle only pure sine-wave inputs 
with amplitudes of l.5V rms max. The circuit functions 
best with sine waves in the 0.1 to l.OV rms range, but 
works well at amplitudes as small as 10 m V rms. 

EDN 
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499 
1o/o 

499 
1% 

7 

HP 5082-2835 

220 
5% 

Rs 
220 
5% 

47 k 
5°/o c, 

r1
0.D1µF + 

TO 
DVM 

Cs -

47 k 
5% 

0.01 µF 

Fig 1- This active-rectifier circuit converts pure sine waves to equivalent de levels with 1% accuracy at frequencies as great as 10 MHz. 
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DESIGN IDEAS 

Dynamic mixer performs unusual function 

Mark Anglin 
Novar Electronics Corp, Barberton, OH 

The dynamic mixer in Fig 1 combines two audio inputs 
by adding the primary signal, Input A, to a gain-con­
trolled signal, Input B. The unusual aspect of this cir­
cuit is that the average voltage level of Input A con­
trols the gain of Input B. 

IC1 has the averaging function and many of the spe­
cialized gain blocks that the circuit requires. R1 sets 
the level of the primary input, Input A, to be passed 
to the output. R2 governs Input B's level to the modula­
tor, while R3 sets the level of the modulating signal. 
IC1 can be either a NE571N or a NE570N. The average 

INPUT A 

PRIMARY 
SIGNAL f'}-1--~ 

INPUT B 
SIGNAL 
TOBE 
GAIN 

MODULATED 

3.6V 

R, 
100k 

SHIFT 
ADJUST 

R3 ,. 
10k 

THD ADJ 
Rs .> .. _ ..., 

100k 

Rs 
220k 

4.7 µF 

ac signal at pin 2 controls the amount of signal that 
shows up at IC1's output, pin 3. 

The primary signal gets to IC2, a NE5534N low-noise 
op amp, via C1 and R7; the gain-modulated secondary 
signal arrives via pin 5 of IC1• IC2 sums the two signals. 

Potentiometers R4 and R6 make de-offset and distor­
tion adjustments, respectively. IC3 , C7, R14, R15 , D1, 

and D2 form a filter for IC1• Volume 1 of the 1987 
Signetics Linear Data Manual describes this filter in 
detail. EDN 
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R11 R,, 

10k 27k 

--
C5 270 pF 270 2 OUTPUT 

Ro 3 0 

2.2k 

R,o 
R13 

15V 100k 

1k 

c, 
13 

Vee 
2 -RECTIN -
5 IW 
3 OUT 

7 
GIN 

8 THO 
IC1 

6 
A3 
ACAP 

GND 

NE571W --
+ c, 

15V 

1N4148 1N4148 

Fig 1-ThiJJ circuit mixes a gain-modulated signal, Input B, with the gain-rrwdulating signal, Input A . 
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When it comes to affordable DSP, 
no one has it down like 

: Analog Devices. 
• At 10 MIPS, the ADSP-2105 
is the fastest DSP in its price 
category, and it's even faster than 
many other DSPs costing a lot 

_mere. Plus the price is the same 
- whether you buy 100or100,000. 

- ! The ADSP-£105builds on the high _ 
=performance ADSP-210"0 family architec-

--=::. - ture,soj.t) cod_e compatible. You can quickly 
_ ~_pQftADSP-2100 or ADSP-2101 code to the 

- :::;- _ --:..c. ~ ADSP-2105.Druse our C 0-ompiler for a fast start. 

--= 

it's also pin compatible with the ADSP-2101. 
So it provides a complete upgrade path to 

higher performance. 

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

-eompanding, timer and more. 

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

EZ-KIT, a complete software and hard­
ware design package. 

--

lntroducmga-DSP-that could orilycome from Analog Devices, the ADSP-2105. An exclusive.because it com­
bines the high perf0rmance--0f our ADSP.:2100familywith an unprecedented price in DSP-just $9.90 each, So now 
yo1'fefillconsiderctfie power ofDSP in a host of new applications. 

- Just howwell does the ADSP-2105 combinelow price with high 

• 

performance? Find out for yourself by ordering our EZ-KIT from your local 
Analog_Devices sales office today. Or callDSP .... ANALOG 

Pfi Marketing at (617) 461-3771. W DEVICES 
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DESIGN IDEAS 

Programmable amp provides arbitrary gain 

Tarlton Fleming 
Maxim Integrated Products, Sunnyvale, CA 

The programmable-gain instrumentation amplifier in 
Fig 1 ensures that your AID converters will always 
see signals in the upper half of their input-signal range. 
The channel-select signals to IC1 also automatically set 
that channel's gain via IC2• 

Table 1 lists the gains for each channel. With this 
design, channel l's gain is necessarily unity. But the 
other channels can have any reasonable gain value, 
not just the binary ratios in Table 1. 

To determine resistor values, begin by choosing an 
arbitrary value for R4, such as 5 kn. Using the binary 
values in Table 1 as an example , for a gain of 8, the 
total resistance, RT, would be 40 kn. If 
R3 + R4 + R5 =10 kn, then R3 + R5 = 5 kn. Setting R3 

and R5 equal, R3 = R5 = 2.5 kn. Similarly, R2 = R6 = 
5 kn, and R1 =R7 = 10 kn. 

Note that this 1-to-4 resistor range suits a custom 

INPUTS 
(FOUR 

DIFFERENTIAL 1c 1 CHANNELS) IC2 

Table 1-Resistor ratios 

Switches Desired 
Channel Closed Gain Formula 

1 S1A• S1s 1= RT/RT 

2 S2A. S2s 2= RT/(R2 + R3 +R4 + Rs +Rs) 

3 S3A, S3s 4= RT/(R3 +R4 +Rs) 

4 S4A,S4B 8= RT/R4 

Note: RT =total resistance. 

resistor network. Note also that IC2's switch resis­
tances (rns<ON>) contribute virtually no voltage error 
because they conduct no signal current. Leakage cur­
rents cancel to some degree; therefore, errors arising 
from leakage depend primarily on the differential leak­
age currents. For example, if S1A has 1 nA of leakage 
current and Srn has 0. 9 nA, then only the 0.1-nA differ­
ence current flowing in the gain-setting resistors would 
cause errors. 

R, 
ABB 

s2A RBA 

S3A 
R2 

S4A 
R3 

R, 
MAX359 MAX359 

Rae 
S,B 

Rs 
S39 

Rao 

Rs 

s 28 

SIB 
R7 

A o A , Ao A, 

Fig 1-This instrumentation amplifier, which comprises JC, and the three op amps, automatically sets one of four arbitrary gain levels 
for each input channel selected. Resistors R, through R r determine the gain of each channel. 
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TOAT-R512 
Accuracy 
(dB) (+/-dB) 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 

0.12 
0.2 
0.32 
0.2 
0.32 
0.4 
0.52 

TOAT-124 
Accuracy 
(dB) (+/-dB) 

1.0 
2.0 
3.0 
4.0 
s_o 
6.0 
7.0 

0.2 
0.2 
0.4 
0.3 
0.5 
0.5 
0.7 

PRECISIOll 
TTL-COllTROLLED 

ATTEllUATORS 
upto35dB 

10 to 1000MHz 

only$5995 
TOAT-3610 
Accuracy 
(dB) (+/- dB) 

3.0 0.3 
6.0 0.3 
9.0 0.6 

10.0 0.3 
13.0 0.6 
16.0 0.6 
19.0 0.9 

TOAT-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 

Now. . .precision TTL-controlled attenuators 
accurate over 10 to 1000MHz and -55 to +100°C. 

Four models are available in the new TOAT-series, each with 3 
discrete attenuators switchable to provide 7 discrete and accurate 

attenuation levels (see chart). Cascade all four models for up to 
64.5dB control in 0.5dB steps. Custom values available on request. 

The 50-ohm TOAT-series performs with 6µsec switching spe~d 
and can handle power levels up 
to OdBm. Units are housed in a 

rugged hermetically-sealed T0-8 
package to withstand the shock, 

vibration, and temperature 
stresses of MIL-STD-883. Con­
nector versions are available. 
Take advantage of the $59.95 

(1-9 qty) price breakthrough to stimu-

bold faced values are individual elements in the units 
late new applications as you implement 

present designs and plan future systems. 
finding new ways ... 

setting higher standards CIRCLE NO. 110 

r;;::I Mini .circuits WEACCmAMERICArn~ESS 
P.O. Box 350166 , Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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DESIGN IDEAS 

The output stage converts the differential signal to 
a single-ended output. For unity gain in the output 
stage, include four closely matched resistors of the 
same value, RsA through R80 • For other gains, use 
closely matched ratios R8A/R88 and R8d R80 that equal 
the desired value. 

The three op amps should combine precision (low 18 , 

108, and V 08, and high AvoL) with as much speed as 
your application requires. The amplifiers' common­
mode range should exceed the maximum signal level 
by at least two volts. EDN 
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Instrument measures B field 

Pierre Breteau 
Sopelem SL, Paris, France 

The circuit in Fig 1 develops an output voltage that 
is proportional to the magnetic induction, B, flowing 
through its probe's coil. You must size the ·coil to give 
a full-scale , lOV output for your maximum expected 
magnetic-induction intensity. 

For a given value of B (in tesla) and output voltage, 
VouT, 

B = (R·C·VouT)/A, 

where A is the effective area of your coil in m2 

(A= number of turns x average area of each turn), R 
is the resistance of the coil and the probe, and C is the 
value of the capacitor. Note that C should be a low­
leakage polypropylene or Teflon device. 

COIL 
PROBE 

B 

10 

OFFSET 
NULL 

Fig 1-Thi.s simple instrument measures magnetic induction, B. 

176 

For most practical applications measuring a magnetic 
field in the air, the coil will be either tiny or very thin. 
If R = 1 kO, C = 1 µF, and the coil is 100 turns with a 
mean area per turn of 1 cm2

, then the circuit's output 
will be 1 mV/gauss (lT= 104G). 

To use the circuit, push the reset button and place 
the probe in an area you know to be devoid of magnetic 
fields. Be sure to avoid magnets and iron. Then put 
the probe into the field to be measured and read the 
VouT with a voltmeter. Finally, calculate the B field's 
intensity using the equation. 

When constructing the instrument, guard the op 
amp's inputs to avoid undesirable currents at the minus 
input. For full-scale outputs, use a ± 15V supply for 
the op amp. EDN 
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RESET 

c 
0.1 µF 

VOLTMETER 

fl GND -v-l 
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When it comes to logic devices, 
no one offers you a wider array of 
programmable gate arrays than Xilinx. 

With toggle rates of up to 100 MHz 
and densities up to 9,000 gates, Xilinx 
Field Programmable Gate Arrays 
offer you the speed you need. 

And if that isn't enough, we'll 
soon be offering even higher 
speeds and greater gate densities. 

Automated Design Implementation 
and Design Manager software run on 
PCs and the most popular engineering 
workstations. So no matter what your 
platform, you'll benefit from the easiest 

interface in the industry. 
Which means your turn­

around time on design revs will be 
measured in hours, not months. 
And non-recurring engineering 
charges will simply be non-existent. All at a fraction of the cost of 

anything else in the industry. 
What's more, our new 

No matter what application 
=-.:.Toln. you're developing, there's a Xilinx 

Field Programmable Gate Array that 
will make your design faster, cheaper 
and easier than ever before. 

Call 1-800-255-7778 or, if you're 
working in California, call 408-559-7778. 
And we'll send you a free copy of the 
FPGA fact book. It's an objective look 
at the key reasons why FPGAs should 
be in your next design. 

~XILINX 
The Programmable 

Gate Array Company."' 

©1990Xilinx, Inc. 2100 Logic Drit>e,SanJose, CA 95124 Europe, H-73081-6725 1bkyo, 08-56J-7768Xilinx is a tmdemark and The Progmmmable Gate Array Com1xmy isa sen•ice mark of Xilinx, Inc. 
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DESIGN IDEAS 

HP-28 program engenders elliptic filter 

David Baez-Lopez and Eduardo Olguin-Osorno 
University of the Americas, Puebla, Mexico 

mine the poles and zeros for an elliptic lowpass filter. 
The program runs on a Hewlett-Packard HP-288 calcu­
lator. EDN 

Given the passband frequency (rad/sec), stopband fre­
quency (rad/sec), passband ripple (dB), and order 
(number of poles), the program in Listing 1 will deter-
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Listing 1-HP-285 elliptic lowpass-filter program 

MArn 
« CLLCD RAD STD 
" Ellip t ic Filter" 

DISP 
.-, 
.:. 

· E•.).:t l uat ion" 
DI SF' 

11 ! n1...t-Pa ·--= f"'.:,-::i:a" 
3 DISP §-WRIT~~LRF-l 
STO N we ws RM X } 
M§NU HA LT 'f(W;d~C)' 

~/~~ALR'~T~T0 8 ~~ClR0 
AS 'A4' STO '2"CN-1 ) 
*A4"N' EVAL 'J4' STO 
J4 'JX' STO 4 JS 
'J0' ~TO '-l~+LOGC 
INV <<fN V C ALO~C-AMX 1 
10 )) -l )*J,"4+1 ))' 
El/AL RMI STU '.[( 
INVCRLOG C-AMX 110 >>-1 
) I El/AL I KA I STO 
CL LCD 
"The •.;alue of AMin is -t 
" 
~Aef 8 ~L~~ 1 c~L8lSP 
" Evaluatinq Zeros 
2 D Hi-· ZER CL LCD 
H Th e zero~ ar.:. -+ " 
? DISP ' W ~IT t EROS 
~E~tD DRO P CLMF HALT 
r ~alu-tinq PolPS •. " 
2 I SP ~1)LOS CL LCD 
" The poles are -+ " 
~ DISP 2 WAIT CLMF 
1:LEBR ~ FIX POLS 
ARRt-+ 6ROP HALT CLMF 
rLLLD 
i END OF P~OGRAM" 
4 DI:3F' CLMF CLR 
CLEAR 
~-

ZER 
« ~TD 1 FP CN1 2)' EVAL 
I Sf $JO 

1F ~; 0 > 
THEN I N-2 I EVAL 

'N~' cr9 
, ~S~ N-1' EVAL 

I t4~ ,:;TO N · t4N -o~ K 'S41cos<Kt111 
( 2+N)) I EVAL -+NUM 
'XY' STO 3 0 

FOR ,J ,.J AS I AZ I 

STO ' INVC2* AZ>+ CXY+ 
~~6C~Y))' EVAL 'XY' 

shP XY I+ -? 
STEP I WATfKTET 

EVAL 'CEROS' STO C 
:WAT } PURGE 
) 

Po 1 oi:; 
,1: ~LtAR I GEIL(N/2) I 

El/~L 'L' ~TO 1L-1' 
EYAL 'Ll' STO 'INV< 
J0tKA)' EVAL 'SX0' 
STO 4 1 

FOR K K JS 'JX' 
~TO 'JX+SX0+l~ C JX* .:iX0) "2+ 1) I El/AL 
'SX0' STO -1 

STEP '(J41SX0+l (( 
J4/SX0)"2+1))"INl/(N) 
' tYAL 'E50' STO 

F SI 0 L 
H~t~ I 11 /~I ·HlUM 

'C ~TO EL.:>E 0 I c I STO 
END 0 L1 
FORE '(C+Et11~ 1 N' 

E~RL -+NUM 'DB' ~ro 
~¥8 ~B~R-+C P-+R 'EX' 

FO~ K K AS 'A7' 
STO 'INV<2*R~)~(E~­
INV<EX)) I EVHL I EX I 
STO -1 

StEP E:< NEX L t RY 'POL' 
ST8 ' o~*K~~· EVAL 1 P LS' ~TO 
) 

.JS 
c -t N 'IFTECN~0.J4,I 
C.5* CJSC N-l >+INV<JS C 
t4-1)))))' 
» 
CLR 
« C POLS POL EX DB 
Ll C E50 SX0 L CEROS 
AZ XY NN SI KR AMI 
J0 JX J4 A4 KTE A0 
AMX WS WC N > PURGE 
» 
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weve tically 
reduced the · e 
it es to produce 

abaDy. 

If you've been laboring under the assumption 
that Video RAMs have gotten about as fast as possible, 
Toshiba would like to introduce you to their new 
1 Megabit creations. 

With faster read/write features, they have a bright 
future in all kinds of applications. 

Ultrasound monitors, for instance. 
Or personal computers. Magnetic Resonance Imaging 

equipment. Video games. If it can benefit from getting 
an image out of the gate and onto the screen faster, 

GA A11an1a (404) 92:1,5750· 
.. Chicago (108) 490-0155· 

it can use a healthy dose of Toshiba 1 Megabit 
high density VRAM. 

For the best delivery of these babies, just call 
Toshiba's only national distributor. Marshall Industries. 
As Toshiba's number one distributor nationwide, 
we always have plenty of product on hand, so you 
can start designing whole new families right away. 

In fact, the whole concept is, well, pregnant 
with possibilities. marshall 

Inc..-: G.S. - Co. 
Montreal (514) 1194-.'1142 

('Aulhorizedl.ocitions) 
ALH-(205)881-S235' 
AZPl'oenix(ll02)496-0290' 

Tucson(ll02)79CI0687' 
CA INine (714) 45S6301' 
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llO St. Loois (314) 291~· 
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DESIGN IDEAS 

Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design , 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 
Name _______________ _ 

Title _________ Phone ____ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street _______________ _ 

City ___________ State ___ _ 

Country _________ Zip ___ _ 

Design Title ___________ __ _ 

Home Address-------------

Social Security Number _________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN , must not be 
patented, and must have no patent pending. Design must 
be original with author(s}, must not have been previously 
published (limited-distribution house organs excepted}, and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 
Signed ___ ____________ _ 

Drue _______________ ~ 

ISSUE WINNER 
The winning Design Idea for the May 10, 1990, issue is 
entitled "Capacitor boosts amplifier bandwidth," submit­
ted by Jonathan Audy of Precision Monolithics (Santa 
Clara, CA). 

Your vote determines this issue's winner. All designs 
published win $100 cash. All issue winners receive an ad­
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 
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• s~ ess n ~.2inch2 Board Space 
- High Isolation - 750 VDC 
- 750mW of Unregulated Output Power 
- High Efficiency - 80% 
- No External Components Required 

Reduced Parts Count 
Surface Mount Technologies 
Premium Performance at Low Cost 

CALL 1-800-548-6132 ell. 429 
Fax 1-602-741·389!; 
Write P.0.8ox1.1400-Tuaontf\riiona •1 

:.-e.i!!!U~~ 

CIRCLE NO. 12 

Now having 
multi-channel FAX 
capabilicy is in 
the cards ••• 

Introducing the 

TR112 
Twin,Channel Fax Card 

Multiply your development options with two complete 
FAX transceivers on one AT-compatible card. Auto­
route incoming faxes with Direct Inward Dialing (DID). 
Speech playback plus UNIX, OS/2 and MS-DOS 
support give you power and flexibility. 

To develop powerful multi-channel fax servers for 
2 or 2,000 ports, fax or fax/voice, the TR 112 is the only 
card that does it all. 

Call 617,449,4100 
For technical information 

BROOKTROUT TECHNOLOGY, INC. 
144 GOULD STREET, NEEDHAM EXECUTIVE CENTER, NEEDHAM, MA 02192 

Telephone: (617)449·4100 FAX (61 7)449·9009 
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One crystal at a time. 
That's how TDK manufactures the 
world's most reliable capacitors. Our 
advanced fine and dispersion technology, and 
our ability to control crystal structural defects 
and particle size, enable us to maintain the 
strictest quality control standards-from 

With recent advances in high 
density mounting, there is an 

increasing demand for more dependable 
chip components. TDK is meeting this 

demand with a full line of ceramic capacitors. 
Test our "structural integrity" today. Call 

or write us for more information on 
the raw materials stage on up. 

Multilayer Ceramic Chip Capacito 
This line of capacitors offers a wide range of 
capacitances, temperature characteristics, and 
sizes, with terminals designed for excellent 
solderability. 

Cl IOI (CC0603) C: 0.5- 220.000pf C3225 (CC1210) C: 750pf -3.3µf 
C2012 (CC0805) C: 0.5pf-1µf CU32 (CC1812) C: 2.400pf -1µf 
C321i (CC1206) C: 0.5pf-2.2µf C5i50 (CC2220) C: 5, 100pf -1.5µF 

Large-Capacitance ultilayer 
Ceramic Chip Capacitors 
These capacitors cover the capacitance range 
normally associated with electrolytics. They 
feature non-polarized construction and long 
life and are widely used in switching mode 
power supplies. 

·~ HCI05D.C: 1.5-6.BµF 
HC1Di3 C: 2.2-10µF 
TC: +20 . -30% (-25- +85'C) 

Ceramic dielectric 

HC1210 C: 3.3-22µf 
HC1612 C: 10-47µF 

TDK chip capacitors. 

ul · ayer Ceramic Chip Capacitor 
e ork 

TDK can incorporate a network of 12 ceramic 
capacitors in a single chip, with your choice of 
capacitances and interconnection topologies 
allowing other chips to be mounted directly 
onto the surface. 

MCN7575 
TC:COH.1-100pf SL,10-1,000pf(TC -1,000-+350ppm/'C) 
CLASS !I , 100-470,000pf (12 capaci1ors) 

TDK. Your Reliable Partner For All Ceramic Capacitors. 

Multilayer Ceramic Dipped Multilayer Ceramic Dipped Ceramic Disc Capacitors- UL Recognized (CSA, VOE, Ultra High Voltage Ceramic Antenna Terminal Ceramic 
Radial Lead Capacitors Axial Lead Capacitors Class I, II, Ill SEV, SEMKO, BS) Capacitors Capacitors 

,.....,. " 
I ( 

High Voltage Ceramic 
Capacitors 

1 

~ r 

I 1111 

TOK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (708) 803-6100 CHICAGO REGIONAL OFFICE Phone (708) 803-6100 INDIANAPOLIS 
REG IONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0151 LOS ANGELES REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone 
(313) 462-1210 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 BOSTON DISTRICT OFFICE Phone: (508) 624-4262 HUNTSVILLE DISTRICT OFFICE Phone: (205) 464-0222 GREENSBORO 
DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone (408) 437-9585 TDK CORPORATION. TOKYO, JAPAN 
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Power 
tools 

KEPCO 
DIGITAL 
POWER 
CONTROLLERS 
Choose your tools carefully 
for the work at hand. Choose 
a single unit ATE power 
supply and drive it with an 
SN digital analog interface to 
translate GPIB commands to 
useful voltage and current or 
choose a multiple-unit TMA­
MAT system and drive up to 
27 independent voltages and 
currents from a single GPIB 
address with full status 
monitoring and read back of 
actual values. 

Kepco's power tools are 
carefully calibrated to provide 
you with just the right 
combination for the work you 
need to do. 

For your free copy of Kepco's new 120-page Instrumentation Power Supply Catalog (#146-1678~ 
call/fax/write to Dept. LVT-12 , Kepco, Inc. , 131-38 Sanford Avenue , Flushing, NY 11352 USA 

(718) 461-7000 •FAX (718) 767-1102 • Easylink (TWX): 710-582-2631 

See Us At WESCON/90 
CIRCLE NO. 114 

de, unipolar power 
D Listen only, GPIB 
D 12 bit control, 0-6V to 0-32SV, 

unipolar de 
D Power: SOW, 100W, 2SOW, 

SOOW, 1000W 

D Control one, four or eight units, 
analog drive 
SN/ATE 

de, bipolar power 
D Listen only, GPIB 
D 12 bit control ± 20V 

to ± 200V bipolar de 
D 100W, 200W, 400W 
D Single unit, self-contained 

BIT/BOP 

de, unipolar power 
D Listen, talk-verify, GPIB 
D 12 bit control , 0-6V 

to 0-32SV unipolar de 
D Power: SOW, 100W, 2SOW, 

SOOW, 1000W 
D Control one to sixteen units, 

analog drive 
TLD/ATE 

de (selectable 
polarity) power 
D Talk-listen, GPIB, full read back 

of both voltage and current 
D 12 bit control , 0-6V to 0-1SOV 

Unipolar de with polarity selection 
D Power: 360W, 720W, 1080W 
D 1-27 unit control , 

digital (bit-bus) drive 
TM A/MAT 

ac power 
D Talk-listen, GPIB 
D 12 bit control , 0-12SV ac 

47-2000Hz ac power 
D 1KVA to 18KVA 

D Expandable to 90KVA 

RGB/BOP 

-=- THE POWER SUPPLIER '-
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

Enhanced Layout System 
For Sun And Apollo 
• Lets you create curved 

traces and copper areas 
• Provides an IGES 3.0 interface 

for integration with other systems 
Release 4.2 of Omnicards is a 
greatly enhanced version of the 
vendor's pc-board layout and auto­
router package that runs on Sun-3, 
Sun-4, SPARCstation, and Apollo 
workstations. New features that 
help analog designers include the 
ability to use curved traces to re­
duce analog effects on high-speed 
ECL circuits, and fully automatic 
copper-area creation with auto­
clearing and auto-fill. An enhanced, 
32-bit layout database lets you spec­
ify English or metric working units 
or multiple units of measure. The 
database also gives you precision 
layouts with sub-micron resolution 
for technologies that use lines finer 
than 0.004 in. An improved auto­
router reduces the number of vias 
used by 5 to 15%. An optional, bi­
directional IGES 3.0 interface pro­
gram lets you offload graphics data 
to mechanical-design and thermal­
analysis programs. In addition, bi­
directional net-list interfaces let 
you exchange data with Teradyne/ 
EDA and Data I/O (FutureN et) 
schematic-capture systems. Omni­
cards interactive design software 
costs $12,000. 

Task Technologies Inc, 6 N 
Main St, Suite 235, Fairport, NY 
14450. Phone (716) 377-1060. FAX 
(716) 377-6611. Circle No. 384 
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Enhanced Modeling 
Progra_m 
• Lets you optimize parameters 

for specific devices 
• Includes new features to model 

bipolar quasi-saturation effects 
Release 3.1 of the Suxes 20 device­
modeling and -optimization pro­
gram automatically provides initial 
parameter values for the bipolar 
model; these values are based on 
linear extrapolation from measured 
data. You can use sequential pa­
rameter optimization to organize 
one region at a time, or global pa­
rameter-optimization for all regions 
of device operation. In addition, a 
new bipolar model allows the mod­
eling of quasi-saturation effects. A 
new grouping function lets you dy­
namically select a group of targets, 
data files, ·and sorting and weight­
ing strategies for application to a 
particular parameter optimization. 
Suxes 20 version 3.1 comes bundled 
with EXModeler for macro model­
ing and the PLUS option for driving 
test equipment. $35,000. 

Electrical Engineering Soft­
ware Inc, 4675 Stevens Creek 
Blvd, Suite 200, Santa Clara, CA 
95051. Phone (408) 296-8151. FAX 
(408) 296-7563. Circle No. 385 

Multichip-Module 
Design Tool 
• Lets you use any of current 

manufacturing technologies 
• Includes sophisticated 

floor-planning tools 
Allegro-MGM is a package that fa­
cilitates the design of multichip 
modules. It includes schematic-cap­
ture and logic-simulation facilities, 
high-speed layout capability, and 
in-process analyses. The system 
lets you use any of the current tech­
nologies for manufacturing mul­
tichip modules. Allegro-MGM ad­
heres to specific design rules for 
each process, and allows you to 

switch from one process to another 
so that you can base your decisions 
on the tradeoffs between the cost, 
size, and performance of each tech­
nology. When you've completed 
your design, the program provides 
an output format that's appropriate 
to the manufacturing process-Ger­
ber format for pc-board-like proc­
esses or GDSII format for IC-like 
processes. The package includes 
floor-planning tools to help you pro­
duce a modular design; component­
clustering and -placement rules par­
tition the design to produce a com­
pact, efficient, and routable layout. 
In-process analysis tools give in­
stant readings of propagation de­
lays and other parameters. You can 
also use the vendor's Signal Noise 
Analysis tool to identify nets with 
excessive reflections, crosstalk, 
thermal drift, and ohmic loss. From 
$50,000. 

Valid Logic Systems, 2820 Or­
chard Pkwy, San Jose, CA 95134. 
Phone (408) 432-9400. FAX (408) 
432-9430. Circle No. 386 

Stimulus Generator 
• Facilitates stimulus generation 

and control for circuit design 
• Adds pattern data to timing 

specifications for test programs 
The WaveMaker interactive graph­
ics tool can create pattern and tim­
ing data for generating stimulus 
during circuit design; can add tim­
ing data to pattern data for µP de­
velopment; and can combine pat­
tern and timing data for interactive 
test-program development. The pro­
gram uses four interactive graphics 
editors that operate on a common 
object-oriented database. The pro­
gram can accept data from multiple 
sources such as simulation runs, ex­
isting circuits and test programs, 
files that you create, or data gener­
ated by hardware modelers. Wave­
Maker can then generate input data 
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Technical 
calculations 
made easy! 

Perform engineering 
and scientific 
calculations faster ... 
and with fewer errors. 

• MathCAD 2.5 does your numerical 
analyses quickly, easily ... and 
inexpensively! The live document 
interface™ lets you integrate equations, text, 
and graphics on your computer screen. You 
can see what you solve ... and update your 
equations and graphs with a single keystroke. 

• You do the thinking while MathCAD 
does the work. MathCAD picks up where 
calculators and spreadsheets leave ott. With 
over 120 commonly-used functions built-in, 
MathCAD can handle your formulas, expo­
nentia ls, ditterentials, cubic splines, FFTs, 
and matrices. 

•Applications Packs customize 
MathCAD to your work. Seven ditterent 
packs are available for electrical, mechanical , 
and chemical engineering and other technical 
applications. 

• MathCAD works on your PC, 
Macintosh, or UNIX workstation. More 
than 100,000 engineers and scientists are 
already using MathCAD to turn their comput­
ers into powerful workstations that can handle 
virtually any technical application. 

Call 800-MathCAD, ext. 335 
to request a free demo disk! 

Q 
In Massachusetts, call 
617-577-1017, ext. 335. 

For a free MathCAD 
Introductory Kit, clip. 
this coupon and mail 
it back to us. Or 
circle your reader 
service card. 

D Yes! Tell me more about MathCAD! 

Name _ ___ _____ _ 

Tit le __________ _ 

Company _________ _ 

Address _________ _ 

City _ ____ State _ _ Zip __ 

Phone-'-( --'---------

M a t h S o f t MathSoft, Inc. 
I • v • 1 - , 201 Broadway 

Cambridge, MA 02139 

L ________ #13_ :.'.:N~9_'.J 
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CAE & SOFTWARE 

for logic and fault simulators, logic 
analyzers, component testers, in­
circuit board testers, and functional 
board testers. The program runs on 
Sun and Apollo computers. From 
$10,000/copy (5). 

TSSI, 8205 SW Creekside Pl, 
Beaverton, OR 97005. Phone (503) 
643-9281. Circle No. 387 

Enhanced Analog Simulator 
• Provides a real-time 

waveform viewer 
• Includes new libraries of 

thyristors and Harris op amps 
PSpice version 4.04 is a greatly en­
hanced version of the vendor's ana­
log simulator. Among the new fea­
tures are a real-time waveform 
viewer, for the OS/2 version, that 
lets you view output waveforms 
while a simulation is running; a li­
brary file of more than 400 SCR 
and Triac thyristors; a library file 
of seven Harris op amps; virtual­
memory capability for the DOS/16M 
version; and an optimizer for parts 
that give more accurate model pa­
rameters. In addition, the expres­
sion-handling routines for ac analy­
sis can now perform complex arith­
metic. $950 to $29,900 depending on 
your host computer and the options 
you select. 

MicroSim Corp, 20 Fairbanks, 
Irvine, CA 92718. Phone (800) 245-
3022; in CA, (714) 770-3022. FAX 
(714) 455-0554. Circle No. 388 

ASIC Design System 
• Modifies designs to guarantee 

testability 
• Automatically generates test 

patterns 
Version 2.0 of the SilcSyn ASIC De­
sign System is enhanced to provide 
multilevel synthesis and optimiza­
tion, automatic test synthesis and 
test generation, and integrated 
simulation for rapid design verifica­
tion from ASIC design through the 
board and system levels. New fea-

ULTRA-MINIATURE 

SURFACE 
MOUNT 

Actual 
Size 

R2 

DC-DC Converter 
Transformers 

and Power 
Inductors 

These units have gull wing construc­
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufacturing 
techniques. Transformers can be 
used for self-saturating or linear 
switching applications. The Induc­
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 

• Operation over ambient 
temperature range from 
- 55°C to + 105°C 

• All units are magnetically 
shielded 

• All units exceed the require -
ments of MIL-T-27(+130°C) 

• Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

• Transformers can be used for 
self-saturating or linear 
switching applications 

• Schematics and parts list 
provided with transformers 

• Inductors to 20mH with DC 
currents to 23 amps 

• Inductors have split windings 

Delivery­
stock to 
one week 

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699•5514 

CIRCLE NO. 15 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

tures let you enter behavioral de­
scriptions for architectural synthe­
sis and optimization before logic 
synthesis; let you enter net lists 
and register-transfer-level descrip­
tions for logic synthesis; and have 
the system automatically modify 
your design to guarantee testabil­
ity, as well as automatically gener­
ate test patterns. In addition, you 
can now use either VHDL or the 
enhanced SilcSyn Design Descrip­
tion Language for behavioral and 
structural descriptions. Also, the 
EDIF interface allows you to im­
port structural net lists from other 
systems. $30,000 to $50,000, de­
pending on the host-computer con­
figuration. 

Racal-Redac Corp, 238 Littleton 
Rd, Westford, MA 01886. Phone 
(508) 692-4900. Circle No. 389 

Mixed-Level Simulator 
• Simulates multiple coupled 

transmission lines 
• Performs mixed-level, 

mixed-mode simulation 
ContecSPICE provides mixed­
level, mixed-mode simulation that 
lets you simulate some parts of your 
design at the behavioral level and 
other parts at the transistor level. 
The program uses special algo-

rithms that can handle large num­
bers of coupled transmission lines 
125 times (or more) faster than 
other methods; these algorithms 
are also very economical in their 
memory usage. A model-parameter 
generator program comes with a li­
brary of 2500 devices; it also lets 
you generate model parameters di­
rectly from information that you in­
put from a data sheet with the aid 
of a digitizing tablet. The interac­
tive user interface lets you define 
new model topology, as well as 
equations, at any level from a tran­
sistor to a large functional macro. 
Simulator and model-parameter 
generator for IBM PCs and compa­
tibles, $1998; for Sun workstations, 
$5419. 

Contee Microelectronics Inc, 
CAE Div, 2010 N First St, Suite 
530, San Jose, CA 95131. Phone 
(408) 436-0340. Circle No. 390 

OCR Software For PCs 
• Runs under Windows 3.0 on 

802861386-based machines 
• Throughput as high as 700 

words per minute 
WordScan and WordScan Plus are 
optical-character-recognition soft­
ware packages that run on 80286/ 
386-based IBM PCs, PS/2s, and 

CONN OR-WIN Fl ELD OSCILLATORS: 

186 

The Best 
Oscillators 
For Fast 
Times 

Connor·Winfield Corporation 
1865 Selmarten Road 
Aurora, IL 60505 

Clocks 
1 Hz - 80 MHz 
HCMOS 
TTL I LSTTL 
4000 Series CMOS 
Surface Mount 
8-, 14- Pin DIPS 

Voltage Controlled 
600 KHz - 80 MHz 
vcxo 
vco 

Phone 708-851-4722 Fax 708-851-5040 

CIRCLE NO. 28 

compatibles that have at least 2M 
bytes of main memory. Both pro­
grams provide omnifont recognition 
of hard copy and can recognize dot­
matrix fonts in draft mode (includ­
ing fax output). They have a pre­
view mode for checking the quality 
of the scanned image before begin­
ning the recognition process; an edi­
tor for proofing recognition; and the 
ability to defer the processing of 
documents. WordScan Plus also has 
a pop-up image verifier that puts 
on the screen , an enlarged original 
bit-map image of questionable char­
acters and words so that you can 
proof them without referring to the 
original document. A clipping fea­
ture lets you view scanned images 
and place a line around only those 
areas of the page that you want to 
retain. The multijob feature lets 
you process multiple documents in 
one step and create a separate file 
for each document. The style-sheet 
feature lets you reformat the input 
document to your preferred style, 
overriding the original format. 
WordScan, $595; WordScan Plus, 
$995. 

Calera Recognition Systems 
Inc, 2500 Augustine Dr, Santa 
Clara, CA 95054. Phone (408) 986-
8006. FAX (408) 986-1440. 

Circle No. 391 

Contact us for all of your oscillator needs! 

High Frequency 
30 MHz - 400 MHz 
ECL 
A CMOS 
Sinewave 

Precision 
600 KHz - 150 MHz 
TCXO 
Ovenized 
DCXO 

Connor-Winfield has 
been providing high 
reliability, high quality 
crystal oscillators to 
our customers for over 
27 years. 
MIL-l-45208A Quality 
Assurance System 
approved. 
Military and commerc i< 
oscillators available. 

11%' Call or write for our FREE catalog. 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

Board Headers/Receptacles 
• Available in polarized and 

nonpolarized versions 
• Compatible with surface-mount 

processes 
The nonpolarized versions of Series 
A025 and A026 right-angle recepta­
cles mate to standard unshrouded 
headers in either single- or dual­
row designs. Polarized versions 
mate with straight headers and are 
available in dual-row styles. All ac­
commodate perpendicular, horizon­
tal, and parallel interconnection 
schemes. Right-angle receptacles, 
in sizes with 4 to 130 contacts, fea­
ture a staggered mating depth, 
high-temperature plastic housings 
that are compatible with surface­
mount processes, a built-in pin stop 
to prevent shorting of connector 
rows, and a longer back row of sol­
der tails to ease insertion into pc 
boards. A026 right-angle polarized 
receptacles and the mating A038-
Series shrouded headers are avail­
able in 8- to 130-pin versions, and 
feature molded-in polarization slots 
and pins for error-free and blind 
mating capability. Gold and tin-lead 
platings are standard. $0.04 per 
mated position. Delivery, stock to 
five weeks ARO. 

Augat Inc, Interconnection Prod­
ucts Div , 33 Perry Ave, Attleboro, 
MA 02703. Phone (508) 222-2202. 

Circle No. 351 

IC Sockets 
• Feature an open-frame design 
• Have dual wipe contacts 
The high-compression, dual-wipe 
design of the spring contacts in 
GASF -Series IC sockets ensures a 
gas-tight connection. They have an 
open-frame insulator design that fa­
cilitates board cleaning, improves 
pc-board cooling, and eases inspec­
tion. The sockets feature phosphor 
bronze stamped and formed con­
tacts. The standoffs, which are built 

EDN September 3, 1990 

into the side of each socket, keep 
the pins from sealing off the plated­
through holes in the pc board and 
thereby eliminate gas-entrapment 
problems. A closed-bottom design 
prevents solder wicking and flux 
entrapment. The sockets have a 
large target area to ease the IC en­
try process. They are available in 
widths of 0.300 and 0.600 in. and 
are end-to-end and side-by-side 
stackable. 20-pin version, $0.12 
(5000). 

Garry Electronics, 9 Queen 
Anne Ct, Langhorne, PA 19047. 
Phone (215) 949-2300. FAX (215) 
943-8742. Circle No. 352 

Military DC/DC Converters 
• Feature 0.05% regulation 
• Develop 60W output power 
PWR82400-Series devices are full 
MIL-processed 60W de/de convert­
ers with a characterized output 
from - 55 to + 125°C. Built in a 
MIL-STD-1772 certified facility, 
the converters include element 
evaluation, 883B design and con­
struction guidelines with full envi­
ronmental screening, burn-in test­
ing, and full-temperature testing as 
standard processing. The convert­
ers accept inputs of 16 to 40V and 
supply three outputs: ± 15V at 
1.33A and 5V at 4A for 82400 ver­
sions; ± 12V at 1. 7 A and 5V at 4A 
for 82402 models. Input-to-output 
isolation equals 500V de, and main­
output line regulation equals 0.05%. 
Separate output returns let you 
power sensitive analog circuitry 

while maintaining digital signal iso­
lation. Pulse-by-pulse current-limit­
ing circuitry, which monitors out­
put load , protects the converters 
from short circuits. From $898. De­
livery, stock to 90 days ARO. 

ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. FAX (516) 
567-7358. Circle No. 353 

Solid-State Relays 
• Have a FET output 
• Will switch 1. 75A 
The C46F /C4 7F -Series commercial 
solid-state relay line includes de 
switching versions with output cur­
rent ratings as high as 1. 75A and 
bipolar versions that will switch IA 
ac or de loads. Output voltage rat­
ings for both types span a 50 to 
360V range. Relay design features 
an optically coupled, photovoltaic 
generator, which drives output 
FETs that feature low on-resis­
tance and fast response time. Inter­
nal construction utilizes thick-film 
hybrid microcircuit technology with 
a patented lead frame design. From 
$6.10 (OEM qty). Delivery, stock 
to six weeks ARO. 

Teledyne Solid State, 12525 
Daphne Ave, Hawthorne , CA 
90250. Phone (213) 777-0077. FAX 
(213) 779-9161. Circle No. 354 

D Subminiature Connectors 
• Have gold plating 
• Feature a sealed back 
These right-angle D-subminiature 
connectors all have a tin-plated 
metal shell for shielding purposes. 
The units are available in four fami­
lies. The first features 0.318-in. 
footprint sockets and plugs in 9-, 
15-, 25-, and 37-position versions; 
the second family features 0.590-in. 
footprint sockets and plugs in iden­
tical position options. These units 

Text continued on pg 191 
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HSPICE: From Conce~I to Creation 
The competition is tough in today's marketplace. 
Innovative companies need to bring their products 
to market just as the demand ripens. HSPICE is the 
optimizing circuit simulator which brings concepts 
to reality. 
Why HSPICE? 
• HSPICE is proven in the marketplace. Engineers 
have depended on HSPICE for over ten years to 
provide the circuit simulation solution they demand. 
• HSPICE addresses all electronic industry seg­
ments, including mixed signal ASICs, custom IC 
design, PCB/backplane design, cell character­
ization, RF and microwave designs, and discrete 
power applications. No matter what your speciality, 
HSPICE provides the answers. 
• HSPICE is continually enhanced and improved 
to stay ahead of your creative processes. When 
your design is ready to be simulated, HSPICE will 
be there with the tools you need for accurate results. 
Transmission lines and submicron MOS models are 
already part of HSPICE. So is the built-in optimizec 

• The HSPICE Instrumentation Interface, ATEM, 
along with a custom MetaTestchip™ automates 
HSPICE model creation. Meta-Software also main­
tains a semiconductor measurements lab for 
research and development efforts and user model 
generation. Meta-Software compares results to the 
silicon itself, not to other simulators. You don't get 
a comparable answet you get the right answec 
Engineers designing analog and mixed signal 
circuits turn to Meta-Software's HSPICE for their 
simulation solution. Yesterday, today and tomorrow 
-we're there to give you the competitive advantage. 

r:tY META-SOFT\VARE 
THE CIRCUIT DESIGN ADVANTAGE! 
1300 White Oaks Road • Campbell, CA 95008 
Phone (408) 371 -5100 • Toll Free (800) 346-5953 
FAX (408) 371-5638 • Telex 910-350 - 4928 

Pacemaker photo courtesy of Cardiac Pacemakers, Inc. Satell ite photo courtesy of NASA. Use of PC board courtesy of Sun Microsystems. Inc. 
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NOTES 

Number 39 in a series from Linear Technology Corporation September, 1990 

Low Power CMOS RS485 Transceiver 
Robert Reay 

Introduction 

The EIA RS485 data transmission standard has become pop· 
ular because it allows for balanced data transmission in a 
party line configuration. Users are able to configure inexpen· 
sive local area networks and multi-drop communication links 
using twisted pair wire and the protocol of their choice. 

Previous RS485 transceivers have been designed using bi po· 
lar technology because the common mode range of the de· 
vice must extend beyond the supplies and be immune to ESD 
damage and latch up. Unfortunately, the bipolar devices draw 
a large amount of supply current and are unacceptable for 
low power applications. The L TC485 is the first CMOS RS485 
transceiver featuring ultra low power consumption 
(Ice= 500µA max.) without sacrificing ESD and latch up 
immunity. 

Proprietary Output Stage 

protection. Two Schottky diodes SD3 and SD4 are added to a 
conventional CMOS inverter output stage. The Schottky 
diodes are fabricated by a proprietary modification to a 
standard N-well CMOS process. When the output stage is 
operating normally, the Schottky diodes are forward biased 
and have a small voltage drop across them. When the output 
is in the high impedance state and is driven above Vee or be· 
low ground by another driver on the party line, the parasitic 
diode D1 or D2 will forward bias, but SD3 or SD4 will reverse 
bias and prevent current from flowing into the N-well or sub· 
strate. Thus, the high impedance state is maintained even 
with the output voltage beyond the supplies. With no current 
flow into the N-well or substrate, latchup is virtually 
eliminated. 

Propagation Delay 

The LTC485 driver output stage of Figure 1 features a Using the test circuit of Figure 4 with only one foot of twisted 
common mode range that extends beyond the supplies while pair wire, Figures 2 and 3 show the typical propagation 
virtually eliminating latchup and providing excellent ESD delays. 

Vee 

- _, 

LOGIC OUTPUT 

Figure 1. LTC485 Output Stage 
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Figure 2. LTC485 System Waveforms 
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Figure 3. LTC485 System Waveforms 
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Figure 4. LTC485 System Test Circuit 



LTC485 Line Length vs Data Rate 

The maximum line length allowable for the RS422/RS485 
standard is 4000 feet. Using the test ci rcuit of Figure 4 with 
4000 feet of twisted pair wire, Figure 5 and 6 show that with 
~ 20Vp-p common mode noise injected on the line, the 
LTC485 is able to reconstruct the data stream at the end of 
the wire. 

Ro 

COMMON MODE 
VOLTAGE (C + D)/2 

DI 

Figure 5. System Common Mode Voltage @19.2kHz 
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Figure 7. System Common Mode Voltage @110kHz 
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Figures 7 and 8 show that the LTC485 is able to comfortably 
drive 4000 feet of wire at 110kHz. 

When specifying line length vs maximum data rate the curve 
in Figure 9 should be used: 
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Figure 6. System Differential Voltage @19.2kHz 
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Figure 8. System Differential Voltage @110kHz 
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Figure 9. Cable Length vs Maximum Data Rate 

For literature of our Low Power Transceivers 
call (800) 637·5545. For applications help, 
call (408) 432·1900, Ext. 456. 

IM/GP 990 185K 

1630 McCarthy Blvd., Milpitas, CA 95035-7487 • (408) 432-1900 
FAX: (408) 434-0507 • TELEX: 499-3977 © LINEAR TECHNOLOGY CORPORATION 1990 



COMPONENTS & POWER SUPPLIES 

are available with either 10 or 30 
µin. of gold plating. The third fam­
ily features high-density sockets 
that have 15 positions in a 9-posi­
tion-size shell. The final family in­
cludes stacked designs with two 9-, 
15-, or 25-posit1on or 9-over-25-
position socket/socket, plug/plug, or 
plug/socket models. All the devices 

tion. Connector lifetime equals 500 
cycles. DX Series, $28 per mated 
pair for a 132-position version; 3100 
Series, $11. 75 per mated pair for a 
12-position model. 

Hirose Electric Inc, 2685-C Park 
Center Dr, Simi Valley, CA 93065. 
Phone (805) 522-7958. FAX (805) 
522-3217. Circle No. 356 

Surface-Mount JFETs 
• Can dissipate lW 
• Switch off in 6 nsec 
Series PMBFJ108 and PZFJ108 
JFETs are housed in surface­
mountable SOT23 and SOT223 
packages, respectively. The SOT-
223 package can dissipate 1 W when 
mounted on a normal pc board and 

have sealed backs to protect against .----------------------------­
solder and flux entrapment. Fric­
tion dimples on the male connector's 
metal face provide ground continu­
ity with the mating connector for 
effective EMI shielding. Tin-plated 
solder tails are standard. $1.80 
(5000) for a 25-position female con­
nector with 10 µin. of gold plating. 

3M Electronic Products Div, 
Box 2963, Austin, TX 78769. Phone 
(800) 225-5373. Circle No. 355 

Connectors 
• Feature high contact density 
• Offer ESD protection 
DX and 3100-Series connectors fea­
ture 0.05-in. contact spacings. The 
DX line offers as many as 132 posi­
tions and features positive locking, 
terminal protection, and die-cast 
zinc alloy backshell and receptacle 
shell to reduce EMI problems. The 
devices carry 0.5A at 125V ac. Insu­
lation and withstanding voltage fig­
ures are 250 Mn and 300V rms, re­
spectively. Insulators are made of 
PBT resin, and pin and socket con­
tacts are copper alloy with selective 
gold plating. Series 3100 I/O con­
nectors are available in 6-, 8-, 12-, 
14-, and 16-position versions. They 
will handle 0.5A at 125V ac. They 
feature a 94V-O-rated molded shell 
that provides cbmplete ESD protec-

EON September 3, 1990 
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COMPONENTS & POWER SUPPLIES 

as much as 2W when mounted on 
ceramic substrates. The devices 
have an 80 max on-resistance and 
on and off switching times of 4 and 
6 nsec, respectively. Standard T0-
92 versions are also available, and 
these units are plug-in replace­
ments for existing types. $1.25. 

P hilips Components, Box 218, 
5600 MD Eindhoven, Netherlands. 
Phone (40) 724324. FAX (40) 
724825. Circle No. 357 

Coaxial Connectors 
• Handle hostile environments 
• Available in pc-board-mount 

versions 
Units in the SMB and SMC lines 
of RF coaxial connectors feature 
brass bodies and beryllium-copper 
center contacts to accommodate the 
most harsh environments. In right­
angle versions, the bodies of the 
connectors are brazed to ensure a 

reliable junction, and the center 
contacts are laser welded to elimi­
nate problems of reflow during 
wave soldering operations. The 
lines include crimp-and-clamp ver­
sions for flexible cable applications, 
panel-mount receptacles, and printed­
circuit-board mount styles. $2.37 to 
$5.52 (OEM qty) for pc-board SMC 
male connectors. 

M/A-COM Omni Spectra Inc, 
140 Fourth Ave, Waltham, MA 
02254. Phone (617) 890-4750. FAX 
(617) 890-2381. Circle No. 358 

Surge Suppressors 
• Handle harsh automotive 

environments 
• Rated for 2000A 
V2ML-Series surge suppressors are 
designed for automotive electronics 
applications. They are fabricated to 
absorb externally or internally gen­
erated energy surges that might 
otherwise damage or destroy a sys­
tem's electronic components. The 
units are rated for peak currents 
as high as 2000A, and they have a 
jump-start overvoltage capability of 
24. 5V for 5 minutes. Voltage rat­
ings range to 16V. The surface­
mount suppressors are available in 
1206, 1210, 2220, and 2820 pack­
ages. Operating range spans - 55 
to + 125°C. $0.46 (1000) for 
V24ML1210 units. Delivery, stock 
to 12 weeks ARO. 

Harris Semiconductor, Box 883, 
Melbourne, FL 32901. Phone (800) 
442-7747. Circle No. 359 

Let Hewlett-Packard 
teach you how to 
solve your toughest 
EMI design problems. 

HP 11949A EMC Education Center 
Course Dates* Location• 
Oct 8-9 
Oct. 11 -12 
Oct 15-16 
Nov. 1-2 
Nov. 5-6 
Nov. 8-9 
Nov. 15-16 

Paramus, NJ 
Rockville, MD 
Andover, MA 
Atlanta, GA 
Rale igh, NC 
Huntsville, AL 
Seattle, WA 

Dec. No Classes Scheduled 

Phone 
1-800-HP-CLASS** 

Tuition Cost 
$750.00 

• Dates a nd locations 
subject to change. 
Contact HP for more 
course information 
and locations. 
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Announcing a two-day EMC design course 
for circuit and packaging design engineers! 

Attend our EMC course to gain a solid 
understanding of EMI problems, where 
they occur, and design approaches to fix 
and avoid them. 

For more information or to register for the 
HP 11949A Designing for EMC Course, call 
the HP Education Center registrar at 
1-800-HP-cLASS. 

Jan.14-15 San Diego, CA 
Jan. 17-18 Fullerton, CA 
Feb. 4-5 Atlanta, GA 
Feb. 7-8 Ft. Lauderdale. FL 
Feb. 11-12 Englewood, CO 
Mar. 4-5 
Mar. 11-12 
Mar. 14-15 
Apr. 8-9 
Apr. 11-12 
Apr. 15-16 
Apr. 18-19 

Mountain View, CA 
Rockville, MD 
Andover, MA 
Indianapolis, IN 
Naperville, IL 
St. Paul, MN 
Novi.Ml 

.. Outside of the Uni ted 
States, p lease cal I 
( 415) 96().3773. 

May 13-14 
May 16-17 

Raleigh, NC 
Huntsville, AL F//;'I HEWLETT 

li:/!11 PACKARD 

See us at EMC Expo, Booth #212 
CIRCLE NO. 29 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

PC Modems 
• Uses a 2400-bps chip 

set to transmit at 9600 bps 
• Have 2400-, 1200-, and 300-bps 

fallback modes 
The 9624 and the 9624e are modems 
for PC compatibles that operate in­
ternally or externally to the com­
puter, respectively. The modems 
employ the company's extended­
baud-rate (EBR) technology which 
enables a 2400-bps chip set to pro­
vide 9600-bps full-duplex communi­
cations. In addition, the modems 
have 2400-, 1200-, and 300-bps fall­
back modes. The modems also em­
ploy MNP5 error-checking and -cor­
rection protocols. Using an EBR 
modem at both ends of a communi­
cation link, the unit can achieve four 
times the transmission speed of a 
2400-bps modem without bursts 
that are common with MNP5 or 
V .42 bis protocols. Both modems 
automatically select the highest 
speed after checking to confirm that 
an EBR modem is at the answering 
end. The units include a speaker 
and comply with the Hayes AT 
command set. 9624, $299; 9624e, 
$399. 

Sharp Digital Information 
Products, 16841 Armstrong Ave, 
Irvine, CA 92714. Phone (714) 261-
6224. FAX (714) 261-9321. 

Circle No. 360 

Workstation Series 
• Based on the 68040 and 

50-MHz 68030 µPs 
• Delivers 12- to 26-MIPS 

performance figures 
The 9000 Series 400 product line 
provides the first workstations re­
sulting from the HP and Apollo 
merger. The series 400 runs both 
the Domain/OS and HP-UX operat­
ing systems, which comply with 
AT&T's Unix system. The model 
400dl is the entry-level desktop 
model that uses a 50-MHz 68030 

EDN September 3, 1990 

µP. You can upgrade the 12-MIPS 
system to a 20-MIPS system by in­
stalling a 25-MHz 68040 µP . The 
models 425t and 400t use a 25-MHz 
68040 and a 50-MHz 68030, respec­
tively. The desktop systems deliver 
as much as 20 MIPS and 3.5M flops. 
All of the above models use the 9000 
VRX graphics monitors with 1280 x 
1024 pixels. Monitor options are 19-
in. monochrome and 16- or 19-in. 
color. The Models 433s and 400t are 
deskside models and use a 33-MHz 
68040 and a 50-MHz 68030, respec­
tively. The 433s delivers 26 MIPS 
.and 4.5M flops and uses the EISA 
bus. 400dl, $4999; 425t and 400t, 
$9000; 433s and 400s, from $12,990. 

Hewlett Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No. 361 

Serial-Port Expansion 
Board 
• Provides system with 16 ports 

for multiuser terminals 
• Uses two 12-MHz 80C186 µPs 

as communications processors 
The ACL 16 provides a 16-bit ISA 
bus system with 16 serial expansion 
ports. The single expansion board 
uses two 12-MHz 80C186 µPs to 
control the communications tasks. 
The board contains a 16k-byte dual­
port RAM to handle data transfers 
to and from the host; each µP has 
its own 64k-byte scratch-pad RAM. 
The board has three handshake op­
tions for the serial ports-full, par­
tial, and no handshake lines. The 

ItS no 
fluke. 

Made in the U.S.A. 

Building the best DMM for the money is no 
accident The new RMS225 was carefully 
designed to give you what you wanted at a price 
you could afford. Visit your local distributor 
today and you'll agree the choice is obvious. 

Fluke Beckman Industrial 
Model n RMS225 

3-112 Digits 4 Digits 

3,200 Counts 11,000 Counts 

0.3% Accuracy 0.251/1 Accuracy 

Touch Hold® Probe Holdl" 

31 Segment Analog 41 Segment Analog 
Bar Graph Bar Graph 

2,000 Hour Battery Life 1,000 Hour Battery Liie 

10A Range IFusedJ 10A Range ~ 

Protective Holster Protective Holster 

3 Yr. Warranty 3 Yr. Warranty 

$159' 

True RMS 

Auto Min Max,. 

Relative Mode 

Self-Resetting Fuse 
flOmA Input) 

$149 

® Touch Hold is a registered trademar1< of the John Fluke 
Mfg. Co., Inc. '1990 Fluke and Philips Catalog 

Becknian Industrial'" 
An Affiliate of Emerson Electric Co. 

Instrumentation ProduclS Division 
3883 Ruffin Road, San Diego, CA 92123-1898 

(619) 495-3200 • FAX (619) 268-0172 • TLX 249031 
OulSide California 1-800-854-2708 Within California 1-800-227-9781 

© 1990 Beckman Industrial Corporatiort Specifications subject IO change 
without notice. Flulo! ~ a regislfred trademark cf john Flulo! Mfg Co, Inc. 

JN190-12-090390 
CIRCLE NO. 17 
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COMPUTERS & PERIPHERALS 

partial and no handshake lines have 
RJ-12 connectors. The full hand­
shake lines use DB25 connectors. 
You can install as many as four 
boards in an 80386 PC-compatible 
system to provide 64 serial ports. 
The four boards can share the same 
dual-port memory, thus conserving 
address space. $1495 to $1595, de­
pending on handshake option. 

StarGate Technologies Inc, 
29300 Aurora Rd, Solon, OH 44139. 
Phone (800) 782-7428; in OH, (216) 
349-1860. FAX (216) 349-2056. 

Circle No. 362 

M-'4-In. Optical-Disk Drive 
• Uses rewriteable or 

WORM-type media 
• Adheres to the ISO standard for 

sampled servo media 
The LaserDrive 520 optical-disk 
drive can use both write-once and 
magneto-optic (rewriteable) media. 
The 5%-in. disk drive lets the user 
select the media option in hardware 
or in software. All media written 
on the company's LaserDrive 510 
can be read on the new drive. The 
drive uses media that conforms to 
the ISO DP10089 standard for sam-

PLD Solutions -

pled servo media. Conformance 
gives the drive a capacity of 654M 
bytes/cartridge. Other features in­
clude a 53-msec average seek time; 
a 490k-byte data-transfer rate, a 
stand-alone cabinet, and multiple 
media sources. $2395; compatible 
rewriteable media, $200; compat­
ible write-once media, $113. 

Laser Magnetic Storage Inter­
national Co, 4425 ArrowsWest Dr, 
Colorado Springs, CO 80907. Phone 
(719) 593-7900. FAX (719) 599-
8713. Circle No. 363 

Text continued on pg 198 

PWesigner uses your design philosophy 
when scanning its library of over 2500 
different parts. Possible devices have 
architectures appropriate to implement 
the design. Attempted solutions are the 
combinations of possible devices. Of these 
combinations, 165 viable solutions were 
found. You can then choose from the top 
ten implementations displayed. Power 
consumption, propagation delay and 
estimated cost given for each solution 
ensure that the final implementation you 
select is the most rigorous solution for 
your design problem. 

As Easy As Multiple Choice. 

194 

Only PLDesigner automatically 
generates multiple solutions 
for your design. 
Whether you're new to PLO design or not, you'll benefit 
from PLOesigners exclusive Architecture Mapping. 

First enter, synthesize, and simulate your design 

make pin assignments and, if required, automatically 
fit your design into multiple devices. -~ 

The intelligence of PLOesigner lets ::,, - =' 
you concentrate on your design, ~· 
without becoming an expert on ~ 
hundreds of device architectures. ·'" !~!~ 

To make PLO design as easy as 
multiple choice, call for your free 
PLOesigner demo disk now. 

using any combination of Mines high-level language, 
schematic entry, or unique timing diagram entry. 
PLOesigner then automatically optimizes your design 
and selects the optimal device architectures, giving you 
solutions you may not have considered. Pick from the 
top ten solutions and PLDesigner will automaJically 

~ . j 6755 Earl Drive 
Colorado S rings, CO 80918 

m/fiC ~19-590-115'/' FAX 719-590-7330 
CIRCLE NO. 18 
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WE APPROACH 
THE MEMORY BUSINESS 

" ~ . ' \ " ~ 

FROM ONE POINT 
OFVIEW ••• 
YOURS. 

At Micron Technology, we offer a full line of 
leading-edge RAM components in speeds and 
packages for virtually any application. 

But the memory business is more than 
just parts - it's people. 

That's why we offer a total commitment to 
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service and support, and a team of engineers 
and technical support personnel that are the 
most experienced memory professionals in the 
industry. 

Because in the memory business there's 
only one point of view that counts. Yours. 
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In 1979, Margaret Thatcher In 1980, Ronald Reagan 
is voted in as Prime is elected President of the 
Minister of Great Britain... United States ... 

In 1981, Sandra Day 
O'Connor is the 1st woman 
on the Supreme Court... 

and EDN is voted #1 in 
readership. 

and EDN presides as #1 in and EON is first in 
readership. readership. 

In 1982, Yuri Andropov 
is elected as the leader 
of the USSR ... 

and EON leads as #1 in 
readership. 

In 1983 Lech Walesa of 
Poland wins the Nobel 
Peace Prize ... 

and EDN wins the #1 
prize in readership. 

All Around The Worlcl They Come; And They Go. 
There Has Been Only One Leader Since 1978... EDN. 

Winning one study doesn't make 
history. But winning 84% of 177 indepen­
dent readership studies since 1978 makes EDN 
a first class world leader. That's more wins 
than the rest of the electronics publications 
combined. 

CUMULATIVE WINS -

Announcing 7 new EDN independent 

EDN Electronics 

Zenith Electronics #1 5 
Sprague Semiconductor #1 5 
SGS Thomson Semiconductor #1 5 
3M #1 5 
Apex Technology #1 5 
Sipex Corporation #1 4 
Kyocera Northwest, Inc. #1 NOT INCL 

0/o of Readership/Reader Preference Wins* 1978-1989 (to date) 

EDN . .. .. ... .. . .. . .... . .. ~---
Electronic Design . ... .. .. .. . 
Electronic Products . ........ . 
Electronic Engineering Times . . 
Electronics . .... .......... . 

4% 
2% 

. 8% 
Electronic News . . . . . . . . . . . . .8% 

13% 177 studies/256 questions 
Percentages add to more than 100% due to ties 

"Independent studies are conducted across customer/prospects hsts or TIDS lists, not across a magazine's or newspaper's own hst, which results m obvious bias. · ·Results based on the question 



In 1984, Ronald Reagan 
is re-elected #1 in a 
landslide ... 

In 1985, Mikhail Gorbachev In 1986, Corazon Aquino 
is elected as the leader is chosen as the President 

In 1987, Margaret Thatcher In 1988, George Bush is 
wins a third term elected to highest office 

of the USSR... of the Philippines ... as Prime Minister... in the United States ... 

md EDN is re-elected #1 and EDN is elected the and EDN is chosen as #1 in and EDN wins another year and EDN holds the #1 spot 
in a readership landslide. leader in readership. readership. as the leader in readership. in readership. 

8ut In The World Of Covering Electronics Technology; 
4nd EDN's Leadership In Readership Reign Continues. 
,.eadershiplreader preference study.wins:· And only a leader dares to offer $1000 

Electronic Electronic EE Electronic 
Design Products Times News 

2 4 3 NOT INCL. 

2 4 3 NOT INCL. 

4 3 2 NOT INCL. 

2 4 3 6 
2 3 4 NOT INCL. 

2 NOT INCL. 3 NOT INCL. 

3 2 4 5 

84°/o 

If you would like to see the complete record of ED N's readership 
wins, contact your local sales representative. EON will send you 
a six-foot long brochure that proves history repeats itself. 

Nh1ch of these pubhcalions do you read regularly (3 out of 4 issues)?" 1n each study 

to anyone who can disprove its claim to reader­
ship. No other electronic engineering magazine 
or newspaper in the US or throughout the 
world has won more independent readership/ 
reader preference studies than EDN. 

EDN
Magazine a ~~~~n 
Ed1t1on 

A PartnershiD in 
Powerl PrestiJe 

WOrldWide 



COMPUTERS & PERIPHERALS 

Ultrasonic Measurement 
Unit 
• Provides 0.001-in. resolution 

from 2 to 9.999 in. 
• Housed in NEMA 4 x enclosure 

with internal power supply 
The LDlOOO ultrasonic device pro­
vides high-resolution distance meas­
urements. The unit provides linear 
measurements in the range of 2 to 
9.999 in. with an effective resolu­
tion of 0.001 in. Its internal resolu­
tion is 0.0006 in./bit. The analog and 
digital outputs transmit in serial 
ASCII format. The analog outputs 
use a 12-bit DIA converter, and the 
operator can scale the analog volt­
age output range. A resident com­
munications protocol provides in­
teractive communications over an 
RS-232C or RS-422 link. You can 
observe the measurement data on 
a 4-digit LED display that's also 
used to trigger relay closures for 
high- and low-range measurements. 
The unit is housed in a NEMA 4 x 
enclosure with an internal 120V ac, 
60-Hz power supply. From $1499. 

Contaq Technologies Corp, 15 
Main St, Bristol, VT 05443. Phone 
(802) 453-3332. FAX (802) 453-4250. 

Circle No. 364 

X-Station Terminal 
• Dedicates 68020 µP as an 

X-Server controller 
• T/34010 handles frame-buffer 

management 
The X-station display is a series of 
X-station terminals. The series con­
sists of two gray-scale and three 
color terminals. Three color display 
terminals offer 14-, 17-, and 19-in. 
monitors and a choice of 16 or 256 
colors. They dedicate an MC68020 
µP as an X-server controller and a 
TI34010 chip handles the graphics 
tasks such as frame-buffer manage­
ment and drawing operations. All 
models can run local X Window 
managers and terminal emulators 
to reduce host overhead and net­
work traffic. Two different window 
managers are available--one based 
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on MIT's twm and the other based 
on OSF's Motif window manager. 
The terminals communicate over 
Ethernet networks using TCP/IP 
and over an RS-232C link using a 
serial protocol. $3000 to $6000. 

NCR World Headquarters, 1700 
S Patterson Blvd, Dayton, OH 
45479. Phone (800) 225-5627. 

Circle No. 365 

Image-Capture Board 
• Grabs video-camera images 

in 1 sec 
• Displays images on VGA screens 

with 64 levels of gray scale 
The VIP 640 image-capture board 
for PC compatibles drives IBM 
VGA-compatible monitors and de­
livers 640 x 480 pixel resolution. 
The board is compatible with most 
graphics application packages such 
as desktop publishing and paint pro­
grams. A grab function captures an 
image from an NTSC or PAL-com­
patible video camera in less than 1 
sec. The board displays 64 gray lev-

els and can manipulate 256 gray lev­
els. The board runs with X Win­
dows and supports editing using 
word-processing programs. You can 
silhouette an image using standard 
geometric shapes or freehand draw­
ing. Advanced cut and paste fea­
tures include cropping, sizing, scal­
ing, rotation, and mirror images. 
The board comes with Astral Pic­
ture Publisher Video Software, 
which integrates with application 
packages such as PageMaker, Ven­
tura Publisher, and Publisher's 
Paintbrush. $249. 

Ventek Corp, 31336 Via Colinas, 
Suite 102, Westlake Village, CA 
91362. Phone (818) 991-3868. FAX 
(818) 991-4097. Circle No. 366 

Voice/Data/Fax Multiplexer 
• Accesses Tl, ISDN, SDM, 

and CC/TT X.50/X.58 networks 
• Data channel operates at 64k bps 

for LAN-to-LAN connections 
The SDM-T multiplexer provides 
voice, data, or fax communications. 
The unit integrates a variety of 
communications channels for trans­
mission over 48k- to 128k-bps digi­
tal networks. It can also access pub­
lic network services such as frac­
tional Tl, ISDN Basic rate, AT&T's 
SDM, and CCITT's X.50/X.58 pro­
tocols. A high-speed data channel 
operating at 64k bps permits LAN­
to-LAN communications. Five me­
dium-speed data channels operate 
as fast as 19.2k bps for asynchro­
nous or synchronous communica­
tions. You can install as many as 
six voice-channel cards, which have 
echo cancelers and digitize voice 
signals from 8k to 16k bps. A dy­
namic bandwidth-allocation feature 
allows the link to always operate 
at maximum capacity. You can in­
stall as many as four Group-3 fax 
relay channels. Each fax channel 
operates with a voice channel to 
provide voice in the fax relay mode. 
An asynchronous command port 
lets you configure the network and 
provides diagnostics. Basic unit, 
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When you 
need a 

hxbrid fast, 
can P. cific. 

We're all ears. 
Send us your design parameters 

and in 6 weeks tops we'll get you a hybrid 
prototype up to 10 times smaller than 

conventional circuits, yet able to meet your 
biggest performance and reliability demands. 

Call 1-800-622-5574. In today 's hybrid 
field, we' re the pick of the bunch! 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 

~PACIFIC HYBRID 
~MI C R OELECTRON I CS 

We do Sl'nilll ITliracles!" 
Copyright © 1990 Pacific Hybrid Microelectronics 

CIRCLE NO. 26 

COMPUTERS & 
PERIPHERALS 

$2400; unit with two voice channels 
and six data channels, $6000. Deliv­
ery, 60 days ARO. 

Advanced Compression Tech­
nology Inc, 31368 Via Colinas, 
Suite 104, Westlake Village, CA 
91362. Phone (818) 889-3618. FAX 
(818) 889-2041. Circle No. 367 

386SX Laptop PC 
• Has 120M- or 60M-byte disk 

drives and runs at 20 MHz 
• Weighs 14 lbs and measures 

4x13% x 8112 in. 
The SLT 386s/20 laptop computer 
uses a 20-MHz 80386SX µP. The 
unit weighs 14 lbs, measures 
4 x 13112 x 8112 in., and has a Ni Cd 
battery pack that provides more 
than 3 hours of operation. Standard 
features include a 4k-byte, 4-way 
set-associative cache memory; 2M 
bytes of RAM expandable to 14M 
bytes; a 3%-in., 1.44M-byte disk 
drive; an enhanced keyboard with 
an external numeric keypad inter­
face; a VGA backlit display; parallel 
and serial interfaces; interface for 
an external VGA monitor; and the 
company's expanded memory man­
ager. Options include a 20-MHz 
387SX coprocessor; a IM-, 2M-, or 
4M-byte memory board; a 60M- or 
80M/120M-byte tape drive; a 2400 
baud internal modem; and a carry­
ing case. Model 120 with 120M-byte 
hard-disk drive, $7499; Model 60 
with 60M-byte hard-disk drive, 
$6799. 

Compaq Computer Corp, Box 
692000, Houston, TX 77269. Phone 
(713) 370-0670. Circle No. 368 



Before the A500 started testing Motorola's mixed-

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

IMAGE is a trademark o/Teradyne, Inc. 
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the Teradyne ASOO test system supports our 
Six Sigma initiative and our competitive 
leadership challenge." 

Director of Marketing 

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

Motorola and@ are registered trademarks of Motorola, Inc. 

complex technical requirements of 
Motorola's advanced ISDN inter­
faces, we also demonstrated that 
we could perform to Motorola's 
stringent quality levels. 
"Can it do scan testing? Digitize high­
frequency waveforms? Do true mixed-mode 
testing? Does it have a flexible architecture? 
Can you give us the support for a Six Sigma 
process? Applications expertise? Complete 
documentation? The right tools? In each 
case, Teradyne answered yes." 
Manager, Advanced Test Technology 
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signal technology, Teradyne had to pass a few tests. 
With the A500, Motorola had the 
ability to digitize waveforms at 
20 MHz, plus the high pin count 
necessary to guarantee that their 
ISD NU-Interface worked the way 
it was supposed to. 

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

EDN September 3, 1990 

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

Operations Manager 

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

CIRCLE NO. 118 

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

Or call your nearest Teradyne 
sales office, or write: Teradyne, 
Inc., 321 Harrison Ave., Boston, 
MA02118. 
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OKI SYSTEM TECHNOLOGIES. 

Sub-micron production in full swing, bringing the new age of 
4M DRAMs 

Oki's Miyagi Plant, benefitting from the latest advances in the company's 
system technology, has already reached mass production and shipment of lM­
bit memories and has recently begun quantity production of 4M DRAMs. At 
the Miyagi Plant, broad utilization of ultra-fine process technology and state­
of-the-art automation combine to assure the high quality of these products. 
Oki is already well underway with technological innovation enabling produc­
tion of 16M-bit memories. 

High-kvel automation with ultra-fine process production 
Oki's 0.8µ process technology used in its second-generation IM- and 4M­

bit memories has been integrated into one of the world's most advanced pro­
duction lines for reliable mass production of over 20,000 6-inch wafers per 
month. 

In 1988 Oki led the world with the first facility dedicated for production of 
sub-micron devices. Today that lead is being extended with the latest advances in 
automated manufacturing, such as sophisticated wafer tracking systems for improved 
quality and production control monitoring. 

From the transportation system, driven by linear motors, to individual pro­
duction equipment in each process machine group, all are computer controlled. 
To assure products of extremely stable quality, automation and every detail of 
the production environment are maintained at the world's highest levels. 

High performance and packaging flexibility support customers 
in a wide range of applications 

Oki's Advanced System Technologies are dedicated to total customer satis­
faction. A comprehensive service system provides flexibility, quality, cost sav­
ings and quick turn-around times. 

Oki's Miyagi Plant, featuring world-standard process technology and automation. 

Oki Electric Industry Co., Ltd. 
Electronic Devices Group 
Overseas Marketing Group 
7-5-25 Nishishinjuku, Shinjuku-ku, 
Tokyo 160, Japan 
• Tel: 3-5386-8100 • Fax: 3-5386-8110 
• Telex: J27662 OKIDENED 

Oki Electric Europe GmbH 
Hellersbergstra,Be. 2, D-4040 Neuss 
We~ Germany 
• Tel: 2101-15960 • Fax: 2101-103539 
• Telex: 8517427 OKI D 

CIRCLE NO. 121 

Oki Semiconductor Group 
785 North Mary Avenue, Sunrryvale, 
CA 94086, U.S.A. 
• Tel: 408720-1900 • Fax: 408720-1918 
• Telex: 910-338-0508 OKI SUVL 

Oki Electronics (Hong Kong) Ltd. 
Suite 1801-4, Tcmer 1 
China, Hong Kong City, 33 Canton Road., 
T.SI KLN, Hong Kong 
• Tel: 31362336 • Fax: 31362395 
• Telex: 45999 OKI HK HX 

OKI 
Oki Electric Industry Co., Ltd. 
Tokyo, Japan 



NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

ICE For ADSP-2101 
• Operates at chip's 

full 12.5-MHz speed 
• Requires only 5V power and 

target's serial port 
The EZ-ICE is a stand-alone in-cir­
cuit emulator for the vendor's 
ADSP-2101. The 3.5-in.-square 
board requires only 5V and an 
ASCII terminal or a computer run­
ning terminal-emulation software. 
When you plug the emulator into 
the target system, you can execute 
programs either from target or 
emulation memory or a combination 
of the two. The DSP operates at its 
full 12.5-MHz clock speed with no 
performance or signal-timing degra­
dation (except for three bus-control 
lines). An internal microcontroller 
controls the emulator's operation 
and allows single-step program exe-
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cution with multiple breakpoints as 
well as bidirectional transfers of 
memory images. Firmware in the 
emulator generates the menus dis­
played on the host terminal. $2101. 

Analog Devices Inc, Box 9106, 
Norwood, MA 02062. Phone (617) 
461-3881. Circle No. 369 

CIRCLE NO. 33 

Word Generator 
• Reads and outputs 40-channei 

signals to 40 MHz 
• Connects to IBM PC's parallel 

port 
The W 4040 Word Generator oper­
ates to 40 MHz with an internal or 
an external clock. It operates in sin­
gle-step, burst, and continuous 
modes and produces outputs on 40 
channels or reads data from 40 
channels. Whether reading or writ­
ing, it uses the same 110 lines and 
stores patterns 2048 words deep. 
Four channels control 3-stating of 
32 of the channels in groups of 
eight. Four other channels operate 
as trigger or auxiliary signals. You 
connect the unit to the parallel 
printer port of an IBM PC or com­
patible machine. Pattern-editing 
software accompanies the unit. The 
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• Input Voltage 90 to 130 VAC 
(47/440Hz) 

• Single, Dual, Triple Outputs 
• 1200V Rms Isolation 
• Low Isolation Capacity 

Available 
• Continuous Short Circuit 

Protection 
• High Efficiency 
• Fully Regulated Voltage 

Outputs 
• Operating Temperature 

- 25°C. to + 70°C. with No 
Heat Sink or Electrical 
Derating Required 

• Expanded Operating 
Temperature Available 
( - 55°C. to + 85°C. ambient) 

• Optional Environmental 
Screening Available 

PICO manufactures complete lines of 
Transfonners, Inductors, DC-DC Converters 

and AC-DC Power Supplies 

Delivery­
stock to 
one week 

453 N. MacQuesten Pkwy. Mt. Vernon. N.Y. 10552 

Call To ll Free 800·431 ·1064 
IN NEW YORK CALL 914·699•5 514 

CIRCLE NO. 15 
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INSTRUMENTS 

software displays patterns in sev­
eral forms, including graphical. It 
also lets you store patterns on disk 
and retrieve them. $2200. 

Testelektronik, Postfach 2101, 
D-7030 Bi:iblingen, West Germany. 
Phone (7031) 277916. FAX (7031) 
289222. Circle No. 370 

Test Board For IBM P C/ AT 
• Makes full-speed dynamic tests 

of all PC -bus signals 
• Has 72-channel logic analyzer 

that stores 2k samples/channel 
V-ATE is a tester for IBM PC/ATs 
and compatible computers. The 
heart of the system is a µP-based 
card that plugs into the 16-bit ISA 
Bus. The card contains a 72-channel 
logic analyzer for the bus. The ana­
lyzer stores 2048 samples. The card 
also contains diagnostic displays, a 
keyboard-interface port, and cir­
cuits that monitor the ± 5V and 
± 12V buses of the computer under 
test. Memory on the board lets you 
download custom tests. A feature 
of the accompanying menu-driven 
software is an expert system whose 
learning capabilities assist in fault 
diagnosis. Among the tester's func­
tions is verification of the design of 
new peripherals, chip sets, and sys­
tem units. The vendor claims that 
the tester can reveal marginal con­
ditions in such products more 
quickly and reliably than can other 
debugging techniques. From $2500. 

Vista Microsystems Inc, 6 Whip­
ple St, North Attleboro, MA 02760. 
Phone (508) 695-8459. 

Circle No. 371 

2-GHz Optical-To-Electrical 
Converters 
• Plug-in and stand-alone forms 
• Include averaging power meter 
The OCP 5002 and 5502 are optical­
to-electrical converters with an in­
tegrated averaging power meter. 
The 5002 is a module that plugs into 
the vendor's TM 5000 series main­
frames; the 5502 is a stand-alont1 in-

These VCXO's are used to replace a distorted incoming 
reference signal ( e.g. 1.544 MHz, T1 ), with a stable 
crystal-controlled signal of the same or any multiple 
frequency, from 1 to 67 MHz. 

Reference 
Frequency 

DIVIDER 

With MF VCXO's, since the specification is computer-tested over 
the full operating temperatures, you can be assured that the 
specified frequency- deviation is what you get for capture range. 

Control Voltage Deviation 

M2001 
M2002 
M2003 
M2004 
M2005 
M2006 
M2007 

0.3 to 10V 
0.3 to 4V 
0.3 to 10V 
0.3 to 4V 
1.0 to 4V 

0 to 5V 
0.5 to 4.5V 

PHASE-LOCKED 
LOOP-VCXO'S ~ 

Series M2010, M2015 ..---! 
This is the complete loop, includ­
ing the phase-comparator and the 

±175 ppm 
± 75 ppm 
±175-300 ppm 
±125 ppm 
± 75-300 ppm 
±150 ppm 
±125-250 ppm 

VCXO, in just one package. Add the dividers to match the 
frequencies. Oscillators from 10 to 30MHz. 

Frequency Range 
M2010 ±125 ppm 
M2015 ±150ppm 

CIRCLE NO. 31 

Headquarters and manufacturing plant: 36,000 sq. feet 

llF=ELECTRONICS CORP. 
10 Commerce Drive 
New Rochelle, NY 10801 
914-576-6570 Fax: 914-576-6204 



TEST & MEASUREMENT INSTRUMENTS 

strument. The units' bandwidth is 
de to 2 GHz. Wavelength is 1100 
to 1650 nm. The units have aberra­
tions of less than 15% p-p (5% to 
10% typ). Noise floor is below 1 
µW. The vendor offers IBM PC­
based software that enables the 
units to make rapid comprehensive 
measurements on communications 
waveforms. OCP 5002, $8950; OCP 
5502, $9950. 

Tektronix Inc, Box 19638, Port­
land, OR 97219. Phone (800) 426-
2200. Circle No. 372 

PC-Based-Modulation And 
Time-Interval Analyzer 
• Covers de to 1.3 GHz 
• Resolves 1-ppm deviation when 

sampling at 1 kHz 
The GT2210S time-interval and 
modulation analyzer is usable from 
de to 1.3 GHz. It provides such data 
as plots of frequency vs time and 

frequency deviation vs time. The 
hardware consists of an IBM PC­
based frequency counter card and 
an external prescaler that operates 
from 50 MHz to 1.3 GHz. The unit 
has a resolution of 10 digits with a 
1-sec measurement interval; at a 
measurement rate of 1 kHz, resolu­
tion is less than 1 ppm. You can 
vary the sample interval from be­
low 1 msec to nearly an hour. The 
software generates a virtual front 
panel and includes a graphing facil­
ity that produces printouts on the 
computer's CRT as well as on plot-

CIRCLE NO. 36 
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ters and most graphics-capable 
printers. You can save acquired 
data in ASCII or graphical formats. 
$2395. 

Guide Technology Inc, 18 Fal­
lenleaf Lane, Los Altos, CA 94024. 
Phone (800) 288-4843; in CA, (415) 
961-9259. Circle No. 373 

Half-Size Data-Acquisition 
Board For PCs 
• Works in laptop PCs 
• Generates -12V on board 
The DT2814 is a half-size data-ac­
quisition card for the IBM PC bus. 
The board does not use - 12V 
power from the bus-it generates 
what it needs from the 12V supply 
using an onboard charge pump. 
This feature and its small size suit 
the board for use in laptop PCs-

both those that have internal I/O 
expansion capability and those 
whose expansion capability is based 
on a clip-on chassis. Thus, you can 
use the board as the heart of port­
able, battery-operated data-acquisi­
tion systems. The board, which 
owes its compactness to surface­
mount assembly, has 16 single­
ended channels and makes 40,000 
12-bit AID conversions/sec. A pro­
grammable clock triggers conver­
sions. Jumper-programmable input 
ranges are 0 to 5V, ± 5V, and 
± 2.5V. The vendor's DT/Gallery 
menu-driven software accompanies 
the board. $345. 

Data Translation Inc, 100 Locke 
Dr, Marlboro, MA 01752. Phone 
(508) 481-3700. FAX (508) 481-8620. 
TLX 951646. Circle No. 374 
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Sypthesizer performance ... 
priced to generate some waves. 

The HP 3324A Synthesized 
Function/Sweep 
Generator. 
The attractive price of this 
generator is bound to generate 
some waves. It's much less than 
you'd expect to pay for a func­
tion generator that has 5 ppm 
frequency accuracy, 9-digit 
frequency resolution and multi­
interval sweep capabilities too. 

Put it to work in testing filters 

EDN September 3, 1990 

and amplifiers where you need 
synthesizer accuracy, stability 
and signal purity. Tup its high lin­
earity and multi-interval sweep 
features for AID converter test­
ing and for simulating rotating 
signals. Simplify the creation 
of phase-related signals for PLL 
or navigation-system testing 
with the new automatic phase­
calibration options. 

And there's more. Such as the 
high-stability frequency-reference 

CIRCLE NO. 122 

I 

option, and a high-voltage out­
put option for making really big 
waves. Call 1-800-752-0900 
today. Ask for Ext.1598 or mail 
the reply card and well send 
a brochure and application 
information. 

There is a better way. 

Ff/0- HEWLETT 
~/:.. PACKARD 
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NEW PRODUCTS 

Quad Comparators 
• Propagation del,ay is 8 nsec 
• Operaf,e from single or 

dual supplies 
The MAX900 and MAX901 quad 
com para tors reportedly consume 
7 x less power than do equivalent 
combinations of single and dual 
comparators. Using a 5-m V over­
drive, the devices consume only 18 
mW/comparator. The comparators, 
which feature a propagation delay 
of 8 nsec, contain differential inputs 
and TIL-compatible outputs with 
internal active pullups. You can 
power the devices from separate 
analog and digital supplies or from 
a single 5V supply. The analog sup­
ply can be from 5 to lOV or ±5V. 
For applications requiring synchro­
nous operation, the MAX900 
provides a latch-enable function. 
The comparators come in 20-pin 
(MAX900) and 16-pin (MAX901) 
plastic DIPs, ceramic DIPs, and SO 
packages. MAX900, $7.01; MAX901, 
$5.98 (1000). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No. 375 

4-Channel, 12-Bit ADC 
• Operaws at low power 
• Features autocalibration 

INTEGRATED CIRCUITS 

missing codes" guaranteed. Chan­
nel separation is typically 92 dB and 
channel-to-channel mismatch is 1

/4 

LSB max. The IC contains a mono­
lithic capacitor-array with an on­
chip S/H device, a 4-channel multi­
plexer, autocalibration circuitry, 
and an 8-bit µP interface port. A 
special register permits full control 
over the converter through the µP 
bus, eliminating the need for hard­
wired control lines. The ADC7802 
is available in a 28-pin DIP or a 
28-lead plastic leaded chip carrier. 
$19.95 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746-
1111. FAX (602) 889-1510. TWX 
910-889-1510. Circle No. 376 

Quad TIL-Compatible 
Analog Switch 
• Has 45-nsec switching time 
• On-resistance is 350. 
The DG601 quad spst analog switch 
operates from a single supply of 5 
or 12V or from a dual supply of 
± 5V. The TTL-compatible device 
features a switching time of 45 nsec 
max and an on-resistance of 350. 
max. The switch also features a low 
charge injection of 13 pC, which re­
sults in more accurate sampling and 
cleaner switching. ESD protection 
is enhanced by the device's ± 4000V 
rating on all pins. In a 16-pin DIP, 
$3.26; in a SO package, $3.41 (1000). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. Circle No. 377 

The ADC7802 4-channel, 12-bit AID Stepper-Motor Driver 
converter is optimized for accurate • Includes control circuitry 
multiplexing of de signals. The • Drives 4-phase motors 
ADC is self-calibrating and needs Available in a 24-pin DIP, this hy­
no offset or gain adjustments. Oper- brid IC contains a gate array, four 
ating from a single 5V supply and power MOSFETs, and four protec­
dissipating only 10 mW, the devic~, · tion diodes. Because all nine compo­
accepts unipolar inputs from 0 to nents are contained in a single pack-
5V. Total conversion time is 17 age, the module occupies half the 
µsec, and conversion results are total area normally required by dis­
available in two bytes with "no crete components. The module's 

210 

universal controller can drive multi­
ple 4-phase stepper motors with 
only the digital signal from the 
CPU. The user can choose from 
three different excitation modes. 
The module is available with volt­
age and current ratings of either 
60V at 2.4 or 4.2A or 120V at 1.3, 
2.0, or 2.5A. 120V/2.5A module, 
$4. 70 (100,000 annually). Delivery, 
12 weeks ARO. 

Fujitsu Component of America 
Inc, 3330 Scott Blvd, Santa Clara, 
CA 95054. Phone (408) 562-1000. 

Circle No. 378 

Dual UART 
• Has on-chip printer port 
• Handles 50-Hz to 56-kHz clock 

raws 
The LD1208 dual universal asyn­
chronous receiver/transmitter fea­
tures a bidirectional Centronics­
type parallel printer port. An inter­
nal programmable baud-rate gen­
erator lets you select receive/trans­
mit clock rates from 50 Hz to 56 
kHz. The device is pin- and func­
tion-compatible with the VLI16C-
452 device, but supports higher 
speeds as well as PS/2 applications. 
The LD1208 performs parallel-to­
serial and serial-to-parallel conver­
sion on the data characters received 
from a CPU or modem. On-chip 
status registers provide error con­
ditions, and type and status of the 
transfer operation. The UART has 
complete modem control capability; 
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users can software-tailor its inter­
rupt system to their own require­
ments. LD1208 in a 68-pin plastic 
leaded chip carrier, $6 (1000). 

Silicon Logic, 550 E Brokaw Rd, 
San Jose, CA 95161. Phone (408) 
441-1615. FAX (408) 954-0727. 

Circle No. 379 

Dual MOSFET Drivers 
• Operat,e at hi,gh speed 
• Include undervolt,age lockout 
The MC34151 series of dual 
MOSFET drivers features two in­
dependent channels with l.5A to­
tem-pole outputs. The low on-state 
resistance of the bipolar drivers al­
lows significantly higher output 
currents at lower supply voltages 
than drivers using CMOS technol­
ogy. With a 1000-pF load, the out­
put rise and fall times are 15 nsec. 
Standby current is only 6 mA. The 

Based on Motorola's 50 MFLOP 
9@2, Ariel's Dual DSP fi..N.A-96 
blasts through real time signal 
processing, graphics, ROOting 
point number crunching and 
multimedia applications like 
nothing else. 

The ~96 hooks dir~ 1o 
frame grabber cards via its DT­
Connect™ in1erfoce and to digital 
audio with Ariel's DSPnet™ 
multimaster bus. 
Configurations for IBM AT com­
patibles are available with up 

INTEGRATED CIRCUITS 

devices also feature an undervolt­
age-lockout function, which puts 
the outputs in a defined low state 
when in an undervoltage condition. 
The lockout function also has hys­
teresis to prevent erratic operation 
at low supply voltages. The 
MC34151 series is available in 8-pin 
DIP and SO packages for either the 
commercial or industrial tempera­
ture range. From $0.65 (10,000). 

Motorola Semiconductor, EL340, 
2100 E Elliot Rd, Tempe, AZ 
85284. Phone (602) 897-3873. 

Circle No. 380 

IM-Bit Dynamic RAMs 
• Feature 16-bit word widths 
• Have 80- or 100-nsec 

access times 
Organized as 64k x 16 bits, byte­
write TC511664 and write-per-bit 
TC511665 dynamic RAMs are the 

1o 16 megabytes of 
memory and comple1e 
develq>ment softWare (including 
an optimizing C compiler, host 
drivers, and aemo software). 
Ariel provides the best apPli­
cations support in the business 
via 1ele~one, mail, fax, or our 
24 hour DSP BBS. 
The fi..N.A-96 is available now. 
Call for 960CJ2 support on other 
platforms. 

DT.comect is a toderncn of Data Translation, Inc. DSPnet is a tademark of Ariel Corpoialion. 

CIRCLE NO. 32 
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industry's first IM-bit devices with 
16-bit word width. In the byte­
write mode, an upper or lower byte 
is written by controlling the appro­
priate write-enable pins. The write­
per-bit mode is a JEDEC standard 
operating mode, which allows users 
to inhibit the write operation for 
any of the 16 bits during each write 
cycle. The devices are available in 
80- and 100-nsec versions. Low­
power (L) versions, which need 
only 400 µA in a battery-backup ap­
plication, are also available. Power 

i\riel_ 
Ariel C~tion 
433 River Road 
Hish'?nd Park, NJ 08904 
Te~: (201) 249-2900 
Fax: (201) 249-2123 
DSP BBs: (201) 249-2124 

c 1990 Ariel Corpoi alia1. 
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consumption for the devices, which 
operate from a single 5V supply, 
ranges from 413 to 633 mW. The 
devices are available in 40-pin SOJ 
packages and 40-pin ZIPs. 100-nsec 
version, $11. 70 (5000). 

Toshiba America Electronic 
Components Inc, 9775 Toledo 
Way, Irvine, CA 92718. Phone (714) 
455-2000. Circle No. 381 

Micropower Regulator 
And Comparator 
• Supply current is 40 µA 
• Dropout volf,age is 0. 6V 
The LT1120 combines, on a single 
monolithic chip, a micropower posi­
tive voltage regulator and a free­
collector comparator. Designed for 
battery-powered applications, the 
'device includes a pin that permits 
shutdown of the device under logic 
control. With a supply current of 
only 40 µA, the LT1120 can provide 
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more than 125 mA of output current 
at a dropout voltage of only 0.6V. 
The input voltage range is from 4.5 
to 36V. The on-chip comparator is 
useful for system or battery moni­
toring. The device also includes a 
2.5V reference that can source or 
sink 2 mA. Available in an 8-pin 
plastic miniature DIP or an 8-lead 
T0-5 metal can. From $2.40 (100). 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 
95035. Phone (408) 432-1900. FAX 
(408) 432-0507. Circle No. 382 

12-Bit High-Speed DAC 
• Update rate is 50M samples/sec 
• Settling time is 12 nsec 
With a guaranteed update rate of 
50M samples/sec, a settling time of 
12 nsec to 0.1%, and a spurious-free 
dynamic range of 70 dB, the 
TDC1112 12-bit DAC is well suited 
for high-performance signal recon-

struction. On-chip input data regis­
ters eliminate the data skew be­
tween bits, which causes glitching 
in nonregistered parallel input 
DACs. You can bypass these regis­
ters to reduce throughput delay. 
The DAC also uses 63 equal current 
sources to represent the most sig­
nificant bits, a feature that elimi­
nates the glitches associated with 
the switching of the much larger 
current sources used in conven­
tional R-2R and binary-weighted 
current source DACs. Other fea­
tures include EGL-compatible in­
puts and an output drive capability 
of 40 mA, which enables each of the 
two complementary outputs to 
drive 500 doubly terminated loads 
to lV p-p. The TDC1112 is available 
in 24-pin DIPs and 28-lead chip car­
riers. From $31 (1000). 

TRW LSI Products, Box 2472, 
La Jolla, CA 92038. Phone (619) 
457-1000. Circle No. 383 

·•non is 
~-llltieC:Hll•·tn companies! 

Adverllse in U.SJ.0. aad '°"automatically ellelld your reach 
with 1he nm. extra volwne-U.S. INDUSTRIAL BUYERS GUIDE. 
50,000 additional circulation-over 100,000 in all. At no addi­
tional cost your efficiency is better than ever! 
Call or write for more infonnation on your many advertising 
options. The DIRECTORY and the BUYERS GUIDE make sales 
contacts for you year-round! 

U.S. INDUSTRIAL DIRECTORY & BUYERS GUIDE 
Reed International • Cahners Publications 
8 Stamford Forum, P.O. Box 10277, Stamford, CT 06904 (203) 328-2500 FAX (203) 357-7864 
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C&C Computers and Communications 

Put the home electronics universe 
under your thumb 

With NEC's high-end remote controller /Cs. 
One of the most powerful attrac­
tions your product can offer is a 
remote control unit that gives 
users a genuine sense of control. 
You get that kind of high-end 
performance across the full spec­
trum of remote control applica­
tions with NEC's 4-bit single-chip 
m icroco ntro lie rs. 

If you 're designing air condi­
tioners, for example, check out 
our µPD17201A. With an AID 
converter and LCD driver on-chip, 
it lets you add a sophisticated 
remote control attraction-LCD 
displays of temperature, wind 

For fast answers, call us at: 

volume and more. 
The 17202A also with on-chip 

LCD driver-is optimized for 
convenient control of home 
entertainment products. The LCD 
display gives users visual con­
firmation of VCR or audio pro­
gramming commands. 

For consumers who own one 
remote for the TV, another for 
the VCR, still others for the audio 
and air cond itioner, we've devel­
oped a universal solution. 
The 17203A and 17204 let you 
design a remote that reads the 
code of any other controller, 

ISA Tel :l-800-632-3531. TWX 910 -379-6985. W Germany Tel :0211-650302. Telex:8589960. The Nelherlands Tel :040-445-845. 
Telex :51923. Sweden Tel :08·753-6020. Telex:13839. France Tel :l-3946-9617. Telex:699499. Italy Tel :02-6709108. Telex:315355. 
UK Tel :0908·691133. Telex:826791. Hong Kong Tel:755-9008. Telex:54561. Taiwan Tel :02-719·2377. Telex:22372. 
Korea Tel :02 -551·0450. Fax:02-551-0451. Singapore Tel4819881. Telex:39726. Auslral1a Tel :03-267-6355. Telex :38343. 
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memorizes it with on-chip SRAM 
(16K/8K), and thus provides 
universal remote control from a 
single unit. 

All devices in our µPD1720X 
series feature 4µs cycle time 
(4MHz), 2-to-6 volt operation, and 
two standby modes: STOP and 
HALT. 

OTP versions will be available 
soon for the entire series. And 
NEC supports your design with a 
full set of development tools. 

If you 're ready to take control 
of a larger share of the home 
electronics market, call NEC today. 

NEC 
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~ new 41 Series of difierential 
quad line drivers/receivers and 

dual transceivers reach 400 Mb/s with 
substantially reduced EMI. 

Our new datacom ICs do more than offer 
one of the industry's highest data rates and 
shortest propagation delays. 

Their unique design can take you to 
400 Mb/son common twisted pair -at low 
EMI levels. This makes them an affordable 
alternative to fiber, when fiber's other 
benefits aren't needed. 

In system use, they decrease EMI levels 
up to 30 db compared with standard 26LS 
ffi ICs. This sharply reduces cabinet 
design costs. And they meet ESDI 
standards, making them ideal for disk 
drive applications. 

41 Series devices are pin-for-pin 
compatible with 26LS ICs-so they're easy 
to use. They help reduce board complexity 
and cost via on-chip termination and line­
impedance-matching resistors. And they 
come in space-efficient, surface-mount 
SOJandSOIC 
packages 
as well as 
standard DIPs. 

Not exactly 
what you 
need? Create 
your own custom version quickly and 
easily by using our standard cell library. 

Call 1800 372-2447 for our databook 
on 41 Series components, in stock today at 
Hamilton/ Avnet and Sch"M!ber 

C\RCLE NO. '\24 



LITERATURE 

Test Instruments 
Categorized 
This short-form catalog of wave­
form-measurement and -generation 
products is aimed at research and 
test and measurement fields. Prod­
uct areas covered include portable 
and benchtop digital oscilloscopes, 
modular digitizing systems, and 
fast-signal-generation products. The 
publication features high-perform­
ance measuring instruments. Speci­
fications, although abbreviated, al­
low you to evaluate the suitability 
of the instruments to your needs. 

LeCroy, 700 Chestnut Ridge Rd, 
Chestnut Ridge, NY 10977. 

Circle No. 392 

VMEbus 
ProWct Shortfonn 

RAO' ( 
T ( C )ol '\ 0 I 0 1. \ 

Catalog Presents VMEbus 
Board-Level Items 
This 4-color, 8-pg catalog lists a 
range of board-level, software, and 
development-system products. Pro­
cessor boards described include 
68030- and 68020-based multipro­
cessor boards, as well as 68010-
based single-board computers and 
68000-based general-purpose pro­
cessors. The publication details mem­
ory boards for commercial, rugge­
dized, and MIL-spec applications as 
well as a selection of SCSI and disk­
controller boards. The catalog de­
scribes a variety of development 
software for systems integrators 

EDN September 3, 1~ 

such as Unix, VRTX32, OS-9, 
VXWorks, and Ada. 

Radstone Technology Corp, 20 
Craig Rd, Montvale, NJ 07645. 

Circle No. 393 

Computer Software For 
Control Systems 
Control Systems and Robotics com­
prises a collection of computer pro­
gram abstracts from NASA. In­
cluded in the publication are 11 
computer programs that add:ress 
various aspects of control-systems 
design. The programs that are de­
scribed include FSD (Flexible 
Spacecraft Dynamics), IAC (Inte­
grated Analysis Capability), and 
ALPS (A Linear Program Solver). 

Cosmic, University of Georgia, 
382 E Broad St, Athens, GA 30602. 

Circle No. 394 

Handbook Of Memory­
Management Circuits 
The Dynamic Memory Design Data 
Book/Handbook is a guide to mem­
ory-management circuits, including 
specifications and examples of how 
to design dynamic memory systems 
using high-speed CMOS logic and 
interface products. The 500-pg book 
presents application notes for dy­
namic-RAM interface designs for 
the company's 80C286, 80386, 
68020, and 29K 32-bit RISC (re­
duced-instruction-set computer) µP. 
Two other notes describe memory 
board designs that support error 
detection and correction for the 
IBM PC/AT and PS/2. Article re­
prints discuss the Am29C668 4M-bit 
configurable dynamic memory con­
troller/driver, error detection and 
correction system implementations, 
and memory subsystem reliability 
issues. The memory design manual 
also includes data sheets for the en­
tire line of memory-management 
products. 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 

Circle No. 395 

Xl&T's 
Datacom ICs: 
high-speed, 

lowEMI 
performance 

Chart below shows resultant data 
rates when using a 41 Series driver 
with various lengths of 26 AWG 
twisted pair cable terminated with 
a 41 Series receiver in split termina­
tion. Maximum bit rate is the point 
at which the 41 Series receiver 
output data eye is reduced 
20% from ideal. 

MAXIMUM FREQUENCY 
VERSUS LINE LENGTH 

: ~ 
1 ~1-2~4~7~~~~~~~~~m~~~~~~~~~IOOO 

TW!Sll:D ll'.IR LINE LENGTil (MrnRS) 

Chart below compares typical 
propagation delay of AT&TS 41 
Series devices to industry stan­
dard 26L5 and DS8923A devices. 

PROPAGATION DELAY ( ns) 

'JYpe 261.S 

DS8923A 

41Series 

5 w n ~ 

• Receivers • Drivers 

Chart below compares the driver 
common mode output current 
levels for the 41 Series and avail­
able industry 11L equivalents. 
Lower Icm results in low EMI. 

COMMON-MODE CURRENTS ,-

rh. mhM-~LE 
1-- ( 

c41 SEIUES 

[ j r"'Q l A l i~ ~ 
J [zmAldiv. a: 11 [ ; ... 

j 
~ 
~ 
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GLASNOST OPENS MICROBLECTRONICS'90 TO THE WEST 

M I C R 0 E L E C T R 0 N I C S '9 0 

VII IHTERRATIOHAL COHFBRBNCE 
Congress Center I Minsk, USSR I October 15-18, 1990 

For the first time ever in it's twelve year history, the premier microelectronics conference of the East will be opened to 
western countries. Scientists, engineers and companies from all over the world will gather in Minsk for this unprecedenlal 
conference and exhibition on microelectronics. Join the conference for an exciting exchange of scientific ideas and 
challenging opportunity to meet your counterparts in the East. There will be activities to everyone's interest, including 
scientific program, seminars of firms, equipment exhibition and information exhibition. Some of the topics covered include: 

* Microelectronics materials *Accessories for ICs production 
* Manufacturing and test equipment for ICs * Modelling of technologies and processes 
* Quality and reliability of ICs * CAD/CAM/CAE systems 
* Diagnostics of processes * Physics of microfobrication 

EQUIPMENT BOOTH AVAILABLE IN THREE SIZES: 2x3 METERS 3x3 METERS 3x4 METERS 
INFORMATION ~ANDS AVAILABLE AS FLEXIBIB USER-FRIENDLY CON~RUCTJONS, FLAT OR VOLUME 

Price range is $2,000-$7,500 for inforution stands till $6,000-$12,000 for equipment booth, depending on booth 
size, position and type, including comiunication requirements. Booths can be joined or custom-ordered. Soviet 
booth or stand personnel is available. 

An array of pre- post conference-exhibition publications are planned in world-leading magazines, 
.c.aJ.l us immediately to fillfill.rf YID! nu participate l 

For more information or booth reservation, please contact the organizing secretariat. 
Science program: 117218 USSR, Moscow, Krasikov St. 25a, Inst. of Physics &: Technology of USSR Academy of Sciences. (fTIAN) 

Dr. A.Zubov, K.Mokrousov 
Telex: 411598 ANTEX SU/ Phone 124- 20- 11 

Exhibition program: 107370 USSR. Moscow, p/b "!LAN", Scientific and Manufacturing Center 11...AN (SMC II.AN) 
K.Mokrousov 
Telex: 411700 APILAN 3778 /Phone 169-76-96 /Fax: 2002216 APll.AN 3778 or2002217 APILAN 3778 

MICROELECTRONICS'90 IS HELD BY THE USSR ACADEMY OF SCIENCES AND A.S.POPOV SOCIETY 
UNDER PATRONAGE OF SCIENTIFIC AND MANUFACTURING CENTER ILAN 

Scientific and Manufacturing Center ILAN is well-known in soviet electronic science and industry and has unique 
experience in soviet commerce, marketing and business. Now we intensively study western market of scientific 
innovations and also contacts with university centers and companies in lhe West. We hope, that we can make 
our joint business, and it would be very pleasant and profitable for both sides. 

Scientific and Manufacturing Center JLAN presents 

E- BEAU UTHOGRAPHY somARE PACKAGE "MicroCoulomb" 
Main f ea lures 

256-layer pattern editing with full 110use-menu con­
trolled user friendly graphic editor 
Translation of graphics etafiles to the input 
languages of certain E-bea• lithography equipment 
Exposure strategy opti•ization for varied shape beam 
and vector scan E-bea• uchines 
Proxi•ity correction procedure for 0.2 u• resolution 
E-bea• lithography aut011aticaly or manualy. 
2-D and 3-0 resist development profile simulation 

t .. ... 

Works under MS-DOS 3.3 or higher, UNIX , VMS 
operating syste11S 
Supplied with eo11plete source codes in C progra .. ing 
language 
• 
•• ... 

Trademark of Microsoft(R) Corp. 
Trademark of AT&T Corporation 
Trademark of Digital Equipment Corporation 

TOTAL V.1.3. - new software package for medium energy 
electron scattering simulation in solids. 

If you have a problem: 
a) Perfect calibration of your E-beam microscope on 

standard objects; 
b) Correct identification of buried alignment markers 

in your E-beam lithography system; 
c) Adequate mask detection in microl ithography; 
d) Calculation of energy dissipation in COllplex 

heterogeneous samples, 
you could try our most recent llonte-Carlo si11Ulation 
package which is the first capable of working with 
eo11plex structured targets containing numerous types 
of materials localized in regions with arbitrary shape 
of boundaries. 
You can use built-in graphic editor or AUTOCAD• to 
construct your target . 

Trademark of Autodesk Inc. 

CIRCLE NO. 125 WE ARE READY TO DISCUSS ALL POSSIBILITIES! 
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IN-CIRCUIT 

• Real-time and transparent Development System 
• Serially linked to PC's and compatibles 
• 64 Kbyte Internal Data and 64 Kbyte Internal Code 

Memory 
• Symbolic Debugger, On-line Assembler and 

Disassembler 
• C and PLM support with source and code windows 
AVAILABLE: 32K-DEEP TRACE $800, EPROM PROGRAMMER $250 

DEALERS INQUIRIES WELCOME 

CIRCLE NO 325 

Don't Get Zapped! 
High inrush current can destroy ·your sensitive VAX 
CPUs and peripherals In less time than It takes to 
flip a switch. 

THE SOWTION? 
Power up with Z-l.INE TPC 115-10 MT~TM 
the smallest power distribution 
and control system 11vailable. Z· NE ' 
POWER UP WITH - - -

Our proprietary Multiple Time Delay TM circuitry 
sequences your power-up to protect your systems 
from the spikes and surges, EMI & RFI, that destroy 
your hardware and erase 'your data. And our 
remote on I off and emergency shutdown gives the 
power control back to you. 

All Pulizzi Engineering MTD ™ controllers are 
compatlble with DEC and UPS systems. 
PRICES FROM $453 TO $317 

DON'T WAIT UNTIL IT HAPPENS, CALL TODAY/ 
PULIZZI ENCINEERINC l NC. 

3260 S. Susan Street, Santa Ana, CA 92704-6865 
(714) 540-4229 FAX (714) 641-9062 

8051 
SEE EEM 89190 

Pages D 1324-1326 

PC based emulators for the 8051 family 
9031 , 8032, 8051, 8052, fOC152/1 5413211•51/452/51FA/51GBl515151715351537f 
552156216521151, 80532, t3C451/552/S52/7Stn52/t51, 8344, 17C451/SS2/7511 
752, 1751, 1752, 055000 + CMOS 

• PC plug-in boards or RS.232 box. 
• Up to 30 MHz real-time emulation. 
• Full Source-level Debugger wlcompfete C-variable support. 
• 48 bit wide, 16K deep trace, with " source line trace." 
• " Bond-out" pods for 8051 , 83C552, 83C451 , 83C652, 

83C751 , 80C515180C517, 83C752. 

Prices: 32K Emulator 8031 $1790; 4K Trace $1495" 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 

no Hau 51 E. Campbell A""n"e 
Campbell , c.A 95008 
FAX ( 408) 378-7869 

CORPORATION (408) 866-1820 
·uson1y 

CIRCLE NO 326 

New Analog + Digital 
Oscilloscopes from Fluke! 
Fastest sampling in this price range. 

• Analog & Digital pertormance combined. 

• Up to 250 MS/s real-time sampling rate, 
100 MHz BNJ. 

• Five value-packed models from $2350. 

1292-PJJSO 

Call 1-800-44-FLUKE, ext. 77 today for 
literature and/or video. 

FLUKE 

EXTRUDm ALUMINUM 
PANEL MOUNT ENCLOSURES 

•D11P1h16" &8" 
•Any depths, ID or more 
• Sllln. clnr 1nOdlze 

ftnlah 
•Ladt-In panel-mount 
• Modifications Md 

DIN STANDARDS acr1111 prlnUna mll1bl1 
Bezel case FREE CATALOG 

48x00mm 44x91mm 13t~ 
72 x 144 mm 67x1li mm 
96x192 mm 91 x184 mm 
96 x 00 mm 91x 91 mm 555 Marion Road 

184x184 mm Columbus, OH 43207 
614/445-8433 

CIRCLE NO 327 

Chassis Trak® 
Bottom Mount Slides 

• Combine heavy load bearing with 
ease of extension 

• Ideal where heavy equipment must be 
moved for routine service or access 

• Can be modified for 2-way travel 
• Capacities to 1500 lbs. per slide 

._ GENERAL 

~~£.ES 
General Devices Company, Inc., P.O. Box 39100, 
141 0 S. Post Rd., Indianapolis, IN 46239-9632 

(317) 897-7009, FAX: 317-898-2917 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 
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HAND HELD TERMINAL *$199. 

• 80 character display 
• 30 or 45 keys 
• RS 232 or RS 422 
•Lowpower 

• ST-32 Compatible 

• Standard or custom overlay 
•Single 5V or 8-12V supply 
• 15 Programmable function 

kEys 
•Simple menu set-up 
• 300-9600 baud 
• 7 or 8 data bits 
• Even, odd, mark, space 
• 7 1/2' x 4' x .9' 

Internal Batteries and Built in Charger - Optional 

TWO TECHNOLOGIES, INC. 
405 Garedean Drive, Horsham, PA 19044 

215-441-5305 
• SI/ISLE PIECE OEM OR VAR PRICE 

CIRCLE NO 331 

Cover Your Design Bases 

1-800-553-9119 

~ 
PC board layout logic compiler 

~~ulato' 
FREE DEMO DISKS 

~OMATiON 
CIRCLE NO 334 

8051 Emulator - $1250 

d2iCE is a low cost, Full Speed, real time 80Sl 
Emulator .. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM112- No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 

Cybernetic Micro Systems 
PO Box 3000 • San Gregorio CA 94074 
Ph: ( 4 tS) 726-3000 • Fax: ( 4 tS) 726-3003 

JIOHN Bll:LL 

ENOIN&ll:RINO, INC. 

CATALOG II II 

Free Catalog of DIGITAL I/0 
and ANALOG Input Interfaces for the 
IBM-PC,XT,AT and compatibles. 
Control relays, motors, lights, measure 
temperature and voltage. Sample 
programs and I/0 circuits are included 
10 catalog. John Bell Engineering, Inc. 
400 Oxford Way, Belmont, CA 94002 

( 415) 592-8411 
CIRCLE NO 332 

Design: 
Industry-standard 
language for PLDs 

With new ABE[-PLD 
at just $895 :i: 

• 150 PLD architec­
tures supported 
(over 4000 de,ices). 

• Uses ABEL" Hard­
ware Description 
Language (AHDL). 

• Intelligent synthesis 
and optimization. 

• Upgradable lo full­
fealured ABEL. 

Call for your FREE 
ABEL-PLO demon­
stration diskette. 

1-800-247-5700 

*L1.S. Hsl priee only. 

DATAl/O 
Co<poralX>n 

CIRCLE NO 335 

IN CIRCUIT EMULATORS 
68HC05 AND 68HC11 

The TECICE-HC05 and TECICE-HC11 are low cost 
real time in circuit emulators for the Motorola 
68HC05 and 68HC11 families of single chip micro­
computers. Any host computer with a serial port and 
terminal emulation software can be used with these 
emulators. Complete development system software 
is included for MS-DOS based computers. Other 
development systems are available for 6805, HC05 
and HC11. Complete HC05 and HC11 emula-
tors start at $995. ~ 

TECI~ 
The Engineers Coltaboratrve Inc. 
Rt. 3, Sor 8C. Barton, ~mont 05822 

Rt. #3, Box BC Phone (802) 525-3458 
Barton , VT, USA 05822 FAX (802) 525-3451 

I~~ 

Schematic 
Capture 
for the 

Macintosh 
DESIGNWORKS 

Schematic features Menu-driven, mouse-controlled opera­
tions • cut/copy/paste between circuits• right-angle rubber­
banding. Digital simulation 13-state, event-driven simulation 
• logic analyzer-style timing window • PLO support. Libraries 
Fully-simulated 7400, 4000, 10K series, PLDs, PROMs and 
RAMs, non-simulated analog and discrete components 
• User-definable, simulated custom symbols. Interlaces 
Formats for Douglas CAD/CAM, Cadnetix, Calay, Orcad, 
Tango, Racal Redac, Spice. • user-definable printers, dot­
matrix printers, HP, Houston, Roland pen plotters. Require­
ments Macintosh Plus, SE, II , llx, flex, or llci. 

CALL (604) 669-6343 FOR YOUR 
FREE DEMO DISK TODAY. 

CAPILANO COMPUTING SYSTEMS LTD. 
CIRCLE NO 333 

Program: -... ~ 

16L8, 20V8, 22VI0,,4/:_.~':~ ~ 
27C020. and 450 ~-.--..·.: 

. .. .t I 
other CMOS devices . • · ·'<' / 

PLDs and memories 
with the low-cost 212. 

• .\1emory cards for 
easy updates. 

• E.xtensive editing 
capabilities. 

• Compatible "ilh 
JEDEC standard 
programming files. 

Call for your FREE 
15-day trial AND 
ABEL -PLO demon­
stration diskette. 

1-800-247-5700 

DATAl/O 
Co<poralX>n 
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PC-BASED LOGIC ANALYZER 

• 32 Channels, Timing plus state 
• Fifteen internal sample rates 
• Dual-level sequential triggering 
• Sixteen triggering channels 
• Event counter (all or transitions) 
• Software selectable Event settings 
• External clock with qualifier 
• TIL, EGL and variable thresholds 
• 50 MHz, 4 K bits/channel 
•Low prices 

Aimtek Corporation 
1720 S. Orange Ave., Suite 304A 

Orlando, FL 32806 
(407) 425-6246 Fax (407) 425-6276 

CIRCLE NO 337 CIRCLE NO 338 CIRCLE NO 339 
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Analog Circuit Simulation 
ECA·l Electronic Circuit Analysis offers the bcsc MonteCarlo 
and Worst-<:ase analyses wich the capability IO concurrently plot 
random samples or Min / Max / Nominal values . 

•AC, OC, Transtenc, Fourier, and Te:rq:ieraturc Analysis• Inter­
active or batch modes• Full nonlinear simulllor • Sine, Pulse , 
PWL, SFFM, and Exponential gencraton; •IBM PC/ Mac /SUN 
• Multiple plots • On-line real time graphics - 2 to 50 times 
faster than SPICE • Over 500 nodes • Advanced component 
paramelCn • Component Sweeping • Full editing, built-in or 
external • Detailed 52S page manual 

Call for FREE DEMO! 

~ 
Tatum Labs, Inc. 

3917 RIUarl:h l'llrk Dr. B-1, Ann Arbor, Ml 48108 
313-663-8110 

CIRCLE NO 340 

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 

CIRCLE NO 343 

UNI PRO, 
the PC/XT/AT/386 based universal programmer/ 
tester programs PROMs, EPROMs, EEPROMs, up to 
4MB and 32-bit wide, PALs, PLDs, GALs, EPLDs, 
PEELs, and Micro Controllers. JED EC file compatibil­
ity and Test Vector verification allow the use of most 
popular PLO compilers. The unit also tests TTU 
CMOS Logic ICs and Dynamic/Static RAMs. 40-pin 
Gold ZIF socket, built-in protection for short circuit 
and over current, high speed parallel interface to the 
PC, and menu-driven software are included at $585. 

XELTEK 764 San Aleso Ave 
Sunnyvale, CA 94086 

TEL (408) 727-6995 

rr~. ·~ ':._7' "'"" 
L~ f 

. / 

• Protel Autotrax" ..J 1111111 
Best PCB design solution for mixed 

Digital, Analog, and SMT boards 
our NEW and POWERFUL Pro/aAMtotnu" b a lully lntegnted l'CB 
layout system with automatk: component placement and auto­
routing In a single working environment Its latesl features will 
definitely push the price/perfonnaoce of mixed technology l'CB 
designs to the highest le\~I . boost your design productivity, and 
-ryour produns IO the rnarl!<lpbce mter chin yourrompetitors. 
• Integrated automatic rompooent placement and autorouting 

• On-the-fly library romponents creation 
• 45°, 90° and curve tracks routing 

• Powerful user-definable Macros 
• Auto-panning 

• PostScript "printing 
• S\vltchable Metric/ Imperial grid 

• Intelligent Pad to Pad autorouting 
• Automatic power/ ground relief for SMD pads 

• Automatic Copper Pour leaves clearance for tracks & pads 
From schematic design, manual and automatic PCB design, Rip·up 
and Retry autorouting. to Gerber vie'Mng and editing, we offer free 
tech and EMS support, 24-hour BBS and 30-day money bad< 

guarantee and our prices stan at $39S. 

Free Evaluation Package • 
Toll Free: 800-544-4186 
Protel Technology, Inc. '"'""'"" 
SO Airport Parkway, Sanjose, CA 95110 
TeL 408-437-7771 F""' 408-437-4913 

CIRCLE NO 341 

PROMPT DELIVERY!!! 
SAME DAY SHIPPING (USUALLY) 
QUANTITY ONE PRICES SHOWN tor AUGUST 12, 1990 

2MB Upgrade W llP & 111 $175.00 
DYNAMIC RAM 
IBM PS/2 Model 70 $240.00 

AST Prem386/33Mhz 160.00 
1Mx9 80 ns 69.00 

256Kx9 1 00 ns 22.00 
1Mx1 60 ns 12.50 
1Mx1 80 ns 6.95 

256Kx1 80 ns 2.95 
256Kx1 100 ns 2.15 
256Kx1 120 ns 1.95 
64Kx4 100 ns 2.40 
64Kx4 100 ns 5.95 

EPROM 
27C1000 12a1<xa 200 ns $17.50 
27512 64Kxa 200 ns 7.50 
27256 a2Kxa 200 ns 5. 75 
27128 1sKxa 250 ns 3.75 

STATIC RAM 
62256P-1 o 32Kx8 1 00 ns 
6264P-12 aKxa 120 ns 

I· 

SAT DELIVERY MasterCardNISA or UPS CASH COO 
~~ MICROPROCESSORS UNLIMITED, INC. 

R<CEMDB" ~~~S~;.eo;:.~:- · (918) 267•4961 
1'11 M aBl4• No minimum order. PIMM ~ pnon ~II)~ 
l'n ILi 111Mll • Sh.pping, ntuf•nee ••tr•. up II) S1 lof p.Oung meilenals 
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EMI? 
Take One - Pass FCC 

Now in the USA the patented Filmac~ EMI 
filters from Japan. Find out why 
they are used by most big Japanese 
makers to pass FCC class B. 

• Low cost 
• Capacitor like construction 
• Distributed low pass filter 
• Sales over 1 million pcs /month 
• Better results than built up filters 

Free! 26 piece sample kit Call today. 

800-899-7888 
Zyrel,lnc. 
1900 McCarthy Blvd. 
Suite 201 
Milpitas, CA 95035 

LEMO QUALITY 
CONNECTORS 

Self-latching, circular, quick connect­
disconnect connectors are available 
in multi or mixed contact configura­
tions, high voltage, environmentally 
sealed, fiber optic, fluidic, coaxial, 
triaxial, thermocouple and plastic. 

LEMO USA, INC. 
P.O. Box 11488 
Santa Rosa, CA 95406 
Phone (800) 444-LEMO 
FAX 707/578-0869. 

CIRCLE NO 342 

B&C MICROSYSTEMS INC. 
75' N, Pastoria An., S.11•yvak. CA '4086 USA 
TEt.:(408)730-551 l FAX: (408)730-5521 

CIRCLE NO 345 

NEW NEW NEW NEW NEW 

,..,.Telecom Design! 
INTEGRATED CMOS 

DTMF RECEIVER 

M-8870 is a full DTMF receiver that 
integrates bandsplit filter and digital decoder 
on one 18-pin CMOS DIP. 
• Low power consumption (35 mW max.) 
• On-chip differential amplifier, clock 

generator, and latched 3-state bus 
• 5 volt power, 3.58 MHz TV crystal 
• Lowcost 
For more info call : 1-800-426-3926 

!~'=.':~'::.,.JI 
Phone: 206-827-9626 Fax: 206-827-6050 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 
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RS-4 2 2 I RS-485 
Boards for AT, 
Micro Channel 

RS-422/RS-485 asynchronous 
serial communication boards from 
Quatechlavailable in I to 4 ports I 
for PC-AT and compatibles and I 
to 4 ports for PS/2 Micro Channel. 

Call for our free 
PC Interface Handbook: 

1-800-553-1170 

CjlGUATECH 
662 Wolf Ledges Parkway 

Akron. OH 44311 

PC-AT, Micro Channel, and PS/2 are trade­
marks or registered trademarks of IBM Corp. 

CIRCLE NO 349 

Analog Circuit Simulation 
Completely Integrated CAE from $95 

;!~~~=:;i\ From Schematic ~ Entry through 
SPICE 

Slmulatlon to 
Post ProceMlng 
laSPlca $15, th• 
complete Sl'tca 
Pfllllram, runa on al ....., ________ ,, PC'a. 

i.e..:.13111$381,111411aat11111 PC baled SAaE program 
IMlilable. HM virtually no cln::utt al2e Mmitallon8. 

~ $295, a achemallc editor for any SAaE 
limulalor. Generatea a complete SPice netllst. 

llnu8ooN $250, a graphica post processor that 
pe1forma 1111 the funcliona of a dlgltal oscilloscope. 

~ $200, exteneive model Ubrariea, Monte Cal1o 
analysla, and parameter .-ping. 

....._Write or Cell 6°' P.O. Box 8607 (213) 833-0710 lriliiiott San Pedro, CA 30 Day Money 
90734-6607 Back Guarantee 

CIRCLE NO 752 

There is a Difference. 
lifetime Free U~ 

EP-1 
$349 

1:31 
8 

A programmer is not just another programmer. That 
is why BP Microsystems is commited to bringing our 
customers the highest quality programmers at an 
affordable price. A good example of this commitment 
is the EP-1 EPRO M Programmer. The EP-1 supports 
virtually every 24- or ZS.pin E/EPROM. And, all of 
our programmers include lifetime free software 
updates and an unconditional money back guarantee. 

BP~ 
1-800-225-2102 

713 481·9430 

CIRCLE NO 755 

To advertise in 

Wave Form 
20MHz-32K 

$1290 

The WSB-100 Wave Form Synthe­
sizer Board from Qua tech has the 
best set of numbers in the market. 
With speed to 20MHz and a 32K 
memory at $1290, it's making 
waves in more ways than one. The 
WSB-100 is also a star performer 
as a digital pulse/word generator 
with the optional digital module. 

Call for our free 
PC Interface Handbook 

1-800-553-1170 

~GUATECH 
662 Woll Ledges Parkway 

Akron. OH 44311 

CIRCLE NO 350 

WHEN FLOPPY DISK AND HARD DISK 

CANNOT WORK ... 

I ES-BOX-DSS + FS-BOX-DSS-BX I 
NEW: REVOLUTIONARY!!!! 

• BATTERY ON BOARD 

•USES LOW COST STATIC RAM 

ES-BOX-DSS: ACCEPTS RAM, EPROM, EEPROM, AND FLASH EPROM 
(PROGRAMMABLE ON BOARD) FROM 32 KBYTES TO 
$12 KBYTES (4 MBYTES EPROM). 

ASK ABOUT OUR FULL LINE OF INDUSTRIAL PRODUCTS!!!! 

ELETTRONICA SILLARO srl 
VIA MEUCCI, II • 40024 CASTEL S. PIETRO TERME - BO - ITALY 

TEL. 051/940609 - FAX 05119411J7 ·- nx '.510160 ELSIL I 

WE ARE LOOKING FOR DISTRIBUTORS. 

CIRCLE NO 753 

PRECISION 
SHOULDER 
WASHERS 

Globe's precision shoulder 
washers are available in 

fibre , nylon. phenolic or 
teflon in 16 standard 
diameter sizes and 
12 standard head 
lengths. Globe. the 

specialists in custom 
screw machine parts, will 
also fabricate a shoulder 

washer to your specifica­
tions. Call, write or fax to 
receive Globe's 204-page 

catalog on shoulder washers and our 
complete line of electronic hardware. 

~ GLOBE ELECTRONIC HARDWARE 

Quatech synchronous/ 
asynchronous serial boards for 
PC-AT and compatibles support 
RS-232 , RS-422, and RS-485 
communication. 

Call for our free 
PC Interface Handbook: 

1-800-553-1170 

CjlGUATECH 
662 Wolf Ledges Parkway 

Akron. OH 44311 

PC-AT and PC are registered 
trademarks of IBM Corp. 

CIRCLE NO 751 

Schematic Capture 
Analog/Digital Simulation 

PCB Layout Editors 
Advanced Autorouting 

Translators 
Call for FREE DEMO DISKS 

VAMP Inc. 
6753 Selma Ave. Los Angeles, CA 90028 

(1-213) 466-5533 GLORE 32-02 57TH STREET· WOODSIDE, NY 11377 
\filfHB (800) 221 ·1505 •NEW YORK: (71 8) 278-2400 
~ FAX: (718) 726-1381 'MacWEEK 1990 User Survey & CAD Showdown 3 Results 

CIRCLE NO 756 CIRCLE NO 757 

Product Mart, call Joanne Dorian , 212/463-6415 
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COAX SWITCH BOXES 

CIRCLE NO 758 

Quick, Fast Socket Conversion 
• Convert-A-Socket •• makes it a snap to convert a pro­
duction socket to a test socket and vice-versa. 
• Complete line of male/female sockets for LCC, PLCC, 
PGA, PQFP, and DIP circuits. 
• A must if you're inserting circuits repeatedly in low 
insertion force sockets. 

20 MHz 286 CPU CARD - $595 
• 2 Serial/l Parallel Ports 
• Up to 4 Meg DRAM: Oil WS 
• Low Power 6- layer PCB 
• Award BIOS - Norton SI 21.1 
• Optiona l 287 Co-Processor 
• Smal l Size (XT-Form Factor) 
• User Replaceable Battery 7if 
• Made in USA • r~I 
• $595 qty 10 w/OK 11 
295 Airport Road TEMPUSTECH, INC. 
Naples, FL 33942 1-800-634-0701 

CIRCLE NO 759 

LOW COST 
Data Aquisition 

Cards for 
PC/JIT/AT 

112 BitA/D & D/A [PCL711SJ $2951 
• AID connrtu: 8 single-ended channels: Uses AD574 device; Conversion time 

• g,~C:::1112:~h~~n'!\;ra11~i1 ~:~lu~~~aOio T~i~1eOvM~t~~~~~nge . 
: ~:fi111~1 ~=,i1:~~~;.,r;i~~~!e:fu: :'~r~ J:~~~k~~1~.c1. 

"Best Value" in PCB Design 
Tango ' " sels !he pace in PC-based circuil board design 
wilh an easy-10-use, pop-up menu inlerface and 
powerful fealUres including I mil resolulion, 
full SMT supporl , DRC, Gerber and 
PostScripl •• oulpul, fast high­
comple1ion autorouier, and pho-
1oplo1 previewing. Configure 
your personal PCB design slalion 
from our seleclion of eniry-level 
and expen lools, slarling al 
jusl $595. 

See for yourself why engineers raled 
Tango the "Bes! Value" in PCB design al CAD 
Showdown '89. Rich func1ionali1y, one year's 
upda1es, free lech suppon and BBS, plus our 30-day 
guaraniee. Cal l 1oday. 

... FREE EVAWATION PACKAGE 

... 800 433-7801 619 554-IOOO 619 554-1019 Fax 

ACCEL '"Technologies • 682; Flanders Drive • Sa n Diego, CA 92 121 USA 
International prices may vary. Coniact us for 1he distributor nearest you . 

CIRCLE NO 760 

·· .. _: 5· 1 . 80 1 1 

llj 

PC BASED 
EMULATORS 

• Sol.rcel.rtelOtbugfor 
Pl/Mand 'C' 

• Sol.rcel.rteltrace 
• Debug wit! symbols, not 

HEX"1a 
• Source l.eYel disaasembty 

iMth iHineUSflnblet 
• 1-probecalds 
e Up i> 1281< emulation 

"""""Y 
e 20MHzreal-tlme 

emulation 
e Upi>4Klrl0ebuffer 

Metallnk™ ... Originators of the : ~==n: 
PC Based 8051 Emulator - 1100 '°"'· ""· power down, OMA, and 

~~hhea!:~:~:.s~~~~:~~:~.~.~~.~ = ~e11 at NO 
BOC152JAIJB/JC/JO, 83C152JAJJC, BOC452, • "'9al<s11tsymbor<a11y 
80C51 FA, 80515, 80535, 80512, 80532, 80513, • Fulydoct.rnented 
80C517, 80C521,80CS41,80C321,8053, 8XC154, e Serially linked i> PC 
8XC451, 8XCS52, 8XC562, 8XC652, 8XC751, e OEMaupplieri>8051 IC 
BXC752, 80CS37, CMOS, EPROMs, OTPs """"""'"" 
Call orwrttelorFreedemo diskette • U<*nil9dFREE-

• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology; Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

I 6 Channel 12 bit D/A [PCL726] $4951 
• Output Ranges: Oto +SY. Oto +IOV, :i: SV, :1: 10V,orsink4-20mA. 

: ~~1:~f~e1:67~~ia~i~~~~?~d ~~~;t~0~~~~~u(htd:;,~;:~~f~)~ : :i: !mA. 

MC I VISA I AMEX Cail today for datash«Ul 

B&C MICROSYSTEMS INC. 
750 N. Pastorla Ave, Sunnyva le, CA 94036 USA 
TEC, (408)730-5511 FAX,(408)730-5521 

l -8QQ-M ETAICE® .=, ... · 
~ ~ L~~guni< ..... 1 ; 

MNLi'*CcrJxnlonP.0Bax1329, a..dlr,AZ852#-1329 ~ ~ 
(602)926-0797FAX:(502)929-1198 rn..fX:4998050MllHK • " ' 
'f>rlceisUS. list 

CIRCLE NO 761 

DOS IN EPROM 
Or any other code, for that matterl ~t allows 
you to create Eproms that loot lite read-<inly diat 
drives in your PC-compatible systems. Use PromKit 
- If ,_•ie • a """" er. Just llJC PromKit to 
convert any dist into EPROM ilDlllCS for your Prom 
blaster! Copy system lilea, balcb files, data files. or 
anything elle you wanL Uae Proms ror rnd-only, 
SRAMS for read-write! ...._ - C9o1e t. C. 
Om- 180 papa, includiq dist, only $179. Includes 
schematics for add-in boards. 

f ... R~ .... ~ ... \\, II Ille lll,L I 11-c ' Ii'\ >I i\1, I' 1, h., 1 
.... C .... ... 11,d \I \I 11.rndhoot.. In ( hrn•'""t.r and 

I o'll'r \\ 1111 , 1, 11 P t1 llll l-..11 11 \ q1 11h 1ll 1• "' 1 li1" 1d \\ 111 11 

\ 1u 01,l r (I I , 11111-, 1li1" \'I J" \ du, 1-.. i1 ... ' 1\ 1.I il,I, 
I)\ 1i-.,lt ( ,,I'll\ ll\1. '1 Ill q, 1 .. 1 •Iii\"" 1111 11..ll 

800-462-1042 
6 19-271·9526 

Annabooks 
12 145 Aha Carmel Ct, Sui le 250 FAX 619-592-0061 
San D iego, CA 92128 Money-back guarantee 

CIRCLE NO 762 

PC Communications 

Coprocessors 

Our communications coprocessors offload serial and 
parallel communications tasks from PC's used in 
dedicated applicalions. RS232 and RS485 style 
communications. Easily programmed using C. A 
memory mapped interface to the host PC allows high 
speed data transfer and simple buffer schemes . 
From 64k to 512k of memory local to the coprocessor 
bul accessible from the host PC. Used in many in­
dustrial and business systems to dramatically im­
prove performance compared to standard PC serial 
port implementations. 

Z-World Engineering 
1340 Covell Blvd., Davis, CA 95616 

(916) 753-3722 
Fax : (916) 753-5141 

CIRCLE NO 763 

SEALEVEL SYSTEMS INC 

5fALEVEL EA~E~~c1~~~41 
(803) 855-1581 

CIRCLE NO 764 CIRCLE NO 765 CIRCLE NO 766 
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Engineering 

CONFIDENCE. 

222 

Seagate has every reason to be confident as the 
'90's begin. 

The enthusiasm starts at the top. Seagate is 
still run by its three original founders, a group 
that knows engineering as well as managing. 
Their vast experience, combined with a "hands-on" 
management style, fosters excellence in all areas 
of technology. From controllers and software, to 
firmware, ICs and drives. In fact, vertical integra­
tion is a big reason why Seagate is the world's 
leading maker of disc storage devices. 

Our passionate work ethic also inspires confi­
dence. By minimizing restrictions and red tape, 
you're empowered to do your very best work. And 
it's permitted the company to move forward and 
innovate like never before. With memory storage 
technology for everything from laptops to mini­
computers and mainframes. From 20 Mbytes to 
2.5Gbytes. And it's a commitment that's backed 
by generous R&D spending. 

Today, there's an excitement at Seagate that 
shows in the work. And in our people. That's why 
we're confident you'll be interested in one of the 
following immediate opportunities. 

Quality Con sultant 
You'll need a BSEE degree and five plus years of 
experience. You'll provide direct customer contact 
concerning the use and application ofrepaired disc 
drives. 

Reliability Engineer 
A BSEE and two to five years of experience in 
component level failure analysis are required. 

Design Engineers 
We have several positions available for individuals 
with a BSEE and related experience. 

• Design, development, and testing of advanced 
analog ASIC's for 3 1/2" and 5 1/4" disc drives. 

• Design and development of microprocessor 
and di!Ptal interface circuits for advance rigid 
disc dnves. 

•Design and refinement of spindle motor 
control systems. 

In addition, we're looking for 
•Component Engineers with a BSEE 
• Supplier Engineers with a BSME 
•Cost Accountant with a B.S. degree in 

business administration, accounting or 
finance. 

Seagate offers excellent salaries, comprehensive 
benefits, exciting work in a highl,Y professional 
workplace, and the quality yet affordable lifestyle 
of Oklahoma City. 

To arrange an interview, please send your 
resume to Seagate, P.O. Box 12313, Oklahoma 
City, OK 73157, Attn: Professional Staffing, Dept. 
W77371. U.S. citizenship or permanent residence 
is required. We're an equal opportunity employer. 

&)'Seagate 
The first name in disc drives. 

CAREER OPPORTUNITIES 

1990 Recruitment Editorial Calendar 

Issue 
Issue Date 

Magazine Oct. 
Edition 

News O ct. 4 
Edition 

Magazine Oct. II 
Edition 

ews Oct . 18 
Edition 

Magazine Oct. 25 
Edition 

Magazi ne Nov. 8 
Edition 

News Nov. 15 
Edition 

Magazine ov. 22 
Edition 

News Nov. 29 
Edition 

Magazine Dec. 6 
Edition 

News Dec. 13 
Edition 

Magazine Dec. 20 
Edition 

Ad 
Deadline 

Sept. IO 

Sept . 14 

Sept . 20 

Sept. 28 

Oct. 4 

Oct. 18 

Oct. 26 

ov. I 

Nov. 8 

Nov. 15 

Nov. 21 

Nov. 29 

Editorial Emphasis 

Computer Boards, Analog !Cs, 
Digital !Cs, Test & Measurement 

!Cs/ LAN Chips/Microprocesso rs, 
Al/Expert Systems, Special Supple­
ment : Instruments 

Analog !Cs, Computer-Aided Eng­
ineering, DSP IC Directo ry, Displays, 
International Technology Update 

CAE/ Hardware, Datacom, Regional 
Profile: Idaho, Colorado, Utah 

Test & Measurement Special 
Issue-Digital Instruments, Com­
puters & Peripherals, !Cs & 
Semiconductors, System Software 

Signal Processing, Computer-Aided 
Engineering, Computers & Peripherals, 
Software, Wescon Show Issue 

Displays, Defense, Special. 
Supplement : Interconnect 

17th Annual Microprocessor Directory, 
!Cs & Semiconductors. Test & 
Measurement , Workstations 

!Cs/Communication Contro llers/ 
Microprocesso rs, DSP, Regional 
Profile: Illino is, Minnesota & 
Michigan 

Prod uct Showcase-Volume I: Soft­
ware, !Cs & Semiconductors, Pack­
aging & Interconnect . Power 
Sources 

Power Supplies, Computers , Special 
Supplement: Salary Survey, 
Regional Profi le: Florida 

Product Showcase-Volume II : Test 
& Measurement, CAE Systems, Comp­
uters & Peripherals, Components 

Call today for information 
on Recruitment Advertising: 

East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Nancy Olbers (603) 436-7565 
National: Roberta Renard (201) 228-8602 

If you're looking 
for work, 

just look here. 

EON September 3, 1990 



ADVANCED MICRO DEVICES IS 
COMIN' THROUGH IN TEXAS! 

AMD is a billion dollar high technology company with a solid business plan in place to take us through the 
'90s and beyond. EPROMs, microprocessors and PLDs will provide the volume. And we're focused on the 
leading edge technologies driving the fourth wave of computing-networked computers. 

PRODUCT LINE OPENINGS: 
Product Engineers 
BSEE minimum; 3+ years telecom or 
analog IC experience. Digital positions 
also available. 

Section Manager, 
Industrial Hygiene 
5-10 years experience in a manufactur­
ing environment with program manage­
ment responsibilities. BS degree 
required; Masters preferred in Industrial 
Hygiene or Public Health. 

Safety Engineer 
2-4 years experience. BS/MS in Safety 
Engineering. Some familiarity with fire 
and building codes. 

Environmental Engineer 
1-2 years experience; BS degree 
minimum. Experience in semiconductor 
environment strongly preferred. Must 
have familiarity with air abatement 
programs. 

I........._ Center Analyst 
BS/BA or MBA in Infonnation Systems 
or related field. PC HW /SW familiarity 
a definite plus. ............. ....... , 
Develop long-tenn silicon strategies. 
Experience in microprocessor based 
system design. BS/MSEE and 3+ years 
experience. 

Senior Technical 
Marketing Engineer 
Requires a systems design background 
(preferably with IBM PC/AT type 
architecture). BS/MSEE and 3+ years 
expenence. 

CAD Engineers 
Requires CAD experience, preferably 
on Mentor Workstations and micropro­
cessor design knowledge. BSEE/CS 
with 2+ years IC e~rience . 

•lecom lpplcations ....... , 
Assist customers in SLIC/SLAC designs 
and/or applications. Requires analog 
circuitry and digital design experience. 
BS/MSEE and 2+ years experience. 

MANUFACTURING LINE OPENINGS: 
Wafer Fab Production 
Supervisor 
3-5 years supervisory experience in 
semiconductor industry with thin films, 
photolithography, plasma/etch and 
diffusion. 

Equipment Maintenance 
Technician 
Associates degree with 2+ years 
experience in wafer fab photo with 
emphasis on GCA DSW steppers, PE 
production printers, Kasper, SSI or SYG 
Track Equipment; Stepper experience 
required . ASM steppers preferred. 

Process Dev...,._t 
Engineers 
3+ years experience in process 
development of polysiJ.icon, nitride, 
silicide, metals and oxide. Basic 
understanding of DOE, manufac­
turability, SQC/SPC and process 
transfer a must. PhD or MS in technol­
ogy-related discipline preferred. 

Process Engineer 
2-3 years experience in photolithogra­
phy with ASM steppers preferred; BS/ 
MSEE. 

Qualified applicants should send a resume to: Advanced Micro Devices, 
MS-556,5204 E. Ben White Blvd., Austin, Texas 78741. For product line 
openings, attn: Paul Maack or Scott Saunders and for manufac­
turing line openings, attn: Ed Moore. You may also call 
1-(800) 531-5202 or FAX your resume to (512) 462-5108. 

We are an equal opportunity employer. 

Trademarks are registered to their respective companies. 

EDN September 3, 1990 

Fall E .... pment Engineer 
4+ years wafer fab experience required 
..yith specialty in wafer processing 
equipment; BS/MSEE. 

Process Engineer 
2-3 years experience in implant or thin 
films in wafer fab area. Knowledge of 
CYD, sputtering processes and EATON 
implanters a plus; BSEE. 

Parametric Test Engineers 
(Keithley) 
Parametric Test, Device Physics 
background. BSEE/BS in Physics. 

Advanced 
Micro 
Devices 

223 



HONEYWELL: OPENING THE DOOR 
TO AVIONICS TECHNOLOGY OF THE 90s. 
Honeywell in Phoenix offers a t1ariety 

of career opportunities in our Commercial 
Flight Systems Group. Our continuing 
growth has created the following positions: 

Systems Design Engineer - In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
a part of these positions. 

System Software Development -
This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family Z8002, 68000) 
and high order languages such as Pascal, 
"C," Ada and PLM/86, with subsequent 
hardware integration. 

Electronics Engineering - These posi­
tions involve the development of new pro­
cessor/bus architectures and specifications 

224 

to support fault tolerant/redundant airborne 
applications. 

Display Systems - These positions 
offer systems, software and hardware oppor­
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys­
tems functions include overall system defi­
nition, design and customer interaction. 

To qualify for the positions listed abooe, 
you should have a BSEE or a BSCS degree 
and at least three years of experience. 

Quality Engineering - To qualify for 
this position, you should have a BS degree 
in an engineering curriculum. A minimum 
of two to five years of experience in quality 
engineering/assurance, reliability and/or 
product engineering is required. You should 
have computer applications experience. 
Customer interface experience is preferred. 

Additional opportunities are available 
in: 

• CRT/LCD Display Technology 

• Avionics Systems Simulation 

• CAE Engineering (Apollo Mentor 
Systems) 

• Artificial Intelligence 

• VAX Systems Administration 

• Fiber Optic Pressure Sensors 

• EMI/HERF 

• Software Tools Development 

Make a career move. Honeywell offers 
you a competitive salary and benefits pack­
age. All new employees are required to suc­
cessfully complete a drug screening test. 
Send your resume and salary history, in con­
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 
(EDN-E845), P.O. Box 21111, MIS I-17C, 
Phoenix, AZ 85036. 

Honeywell 
HELPING YOU CONTROL 

YOUR WORLD 

Equal Employment Opportunity/Affirmative Action Employer 
U.S. citizenship required for some positions 

EDN September 3, 1990 



hose 
side are 

you on? 
Are you committed to RISC microprocessors, 
do you reside in the ASIC camp, or are you 
into digital signal processing (DSP) chips? At 
most companies, that 's a foregone conclusion. 
Because most companies only develop a 
single technology. Not at LSI Logic. We're 
not only leaders in ASICs, we also dominate 
the market in RISC microprocessors. And 
our involvement in DSP chips continues to 
grow. Which means more challenge for you, 
and more projects for you to choose from . 

When it comes to conferring with colleagues 
in different countries, you don't have to take 
sides either. Because we maintain open 
lines of communication with our design 
centers around the world. Which means you 
can keep up with-and contribute to-the 
latest technology on a global basis. There's 
really only one answer to " whose side are 
you on?": LSI Logic's. 

MICROPROCESSOR PRODUCTS 

Microprocessor Design 
Project Leaders 

Microprocessor Product 
Marketing Engineers 

Microprocessor Architects 

Microprocessor Logic Designers 

Microprocessor Product Engineers 

Product Marketing Engineers 

Microprocessor Design Engineers 

Microprocessor Sales 
Development Engineers 

Microprocessor Logistics Planners 

MIPS Applications Manager 

Senior Applications Engineer 

EDN September 3, 1990 

D S P PRODUCTS 

Senior Product 
Marketing Engineers 

Applications Engineer 

Product Engineers 

Logistics Planners 

Senior Design Engineer 

Design Engineer 

FAX IDUR RESUME TODAY! 
408-433-682 5 

INDICATING JOB #EDNM/JW36 

By identifying the most favorable benefits 
and investment programs, we' re able to pro­
vide a well-rounded employment package 
that includes medical/dental/life insurance, 
vision care, a 40l(k) plan, stock purchase 
plan, and tuition reimbursement . If unable 
to fax, please mail your resume, indicating 
appropriate Job Number, to Professional 
Staffing, LSI Logic Corporation, 15 51 McCarthy 
Blvd., Milpitas, CA 95035 . FAX 408/433-6825 . 
An equal opportunity employer. Principals 
only, please. 

IGNORE THE BOUNDARIES 

LSI 
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Local. Regional. National. 
Coast to coast, The Computer Merchant, Ltd ., continues to meet the challenge of linking top-notch software and 
consulting professionals with Fortune 500 Corporations. 

Local business on America 's Technology Highway, Regional industries in New England, and corporations across the United 
States have come to depend on The Computer Merchant, Ltd. since 1978 as the recognized source for computer 
and consulting professionals. 

Current opportunities for professionals with a minimum of 3 years 
experience includes: 

• MIL-SPEC DEVELOPMENT • DEVICE DRIVERS 
• SCSI DRIVERS • OS-2/PM / MS WINDOWS 
• C++ / UNIX • 3COM / NOVELL 
• RT-6000 I PC-RT • UNIX / AIX / 'C' 
• 80XXX / 680XO DEVELOPMENT 
• APPLICATION 'PORTING' 

• 'SONET' DEVELOPMENT 
•ADA/IMAGE PROCESSING The Computer 

Merchant, Ltd. For more information on 
opportunities/ professional services contact 

us by mail, fax or call : 

(617) 878-1070 
80 Washington Street, Bldg. E 
Norwell, MA 02061 
FAX (617) 878-4712 

EDN:lne Databank 
Edition 

Professional Profile 

Announcing a new placement service for professional eng ineers! 
To help you advance your career. Placement Services. ltd. has lormed the EDN 
Career News Databank. What is the Databank? It is a computerized system ol 
matching qualllied candidates with positions that meet the applicant's protesslonal 
needs and desires. Whal are the advantages ot this new service? 

• It's absolutely lree. There are no tees or charges. 
• The computer never lorgets. When your type ol job comes up. ii remembers 

you're qualified. 

!IDENTITY I !PR ESENT O R MOST RECENTEMPLOYERJ 

--------- .,.._UI'~ --------
""-----"'• ---··-- l..0Ca110nt(:lry, S1a•J--------­._l'Nwllli..--w-000.1 _____ _ eu-.. "'°"9110KID.- --------

l~---~-?_A-Tl_O_N_i 111--•.,.._•--l--11-'";'-.':::;-"-+1--"--w~_ ... __ _ 
!EXPERIENCE 

__, .. .,,.,,.. 

Pr-O<i.to.I --

• Service is nationwide. You'll be considered tor openings across the U.S. by 
PSL and lrs alliliated olllces. 

• Your identity is prolected. Your resume Is carelully screened to be sure it will 
not be sent lo your company or parent organization. 

• Your background and career objective wilt periodically be reviewed with you 
by a PSL protessional placement person. 

We hope you're happy in your current position. At the same time. chances are there 
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0.5 to 1000MHz trom $13~~24qty) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

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

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

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

voltage and current. 

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

FREQ. 
RANGE 
(MHz) 

MODEL IL tofu 

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

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

supply voltage and you are ready to go. 

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

breakthrough. 

G AIN MAX. NF DC PWR PRICE 
dB O UT/ PWRt dB 12V, $ ea. 

min fla tnesstt dBm (typ) mA (10-24) 

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

ttMidband 10fL to fu12 .±0.5dB t ldB Gain Compression OCase Height 0.3 In. 

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

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

finding new ways ... 
setting higher standards 

0 Mini-Circuits 
A Division of Scientific Components Corp oration 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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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 1~~R I International Rectifier 
WORLD HEADQUARTERS: 233 KANSAS ST. , EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910 348-6291, TELEX472-0403. EUROPEAN HEADQUARTERS: HURST GREEN. OXTED. SURRl'Y RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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Out-of-this-world performance 
at a down-to-earth ptice. 

The new 2900 Programming 
System brings the cost of 
high-performance pro­
gramming down to 
earth. Buy only the 
device libraries you 
need today and 
expand capability 
when you need it with 
simple software 
updates. 

The 2900 supports virtually every 
programmable logic and memory 

device on the 
market­

even 
surface­
mount 

packages. 
Its innovative 

technology makes 
programming faster, 

easier, and more affordable 
than ever before. And with 

· Data I/O®'s industry-standard design 
and testing software, you can create a 

Data 110Corpormtk»n10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881 -644411-800-247-5700 
Data 110 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario l4V lV2 (416) 678-0761 
Data 110 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL 
Data 110 lnatrurnatlc Electronic Syateme Vertrleba GmbH Lochhamer Schlag SA. 8032 Graefelfing, W. Germany, 089-85-85-80 
Data 110 Japan ~J~~:;~'.t;!ileHx~is2h~:~i8A~1?~l· BF, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 

© 1990 Data 1/ 0 Corporation 
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complete PLD development solution. 
For more than 15 years, Data I/O 

has set the standard in device pro­
gramming. Call today to learn how 
the 2900 is setting a 
new standard for 
both price and 
performance. 

Call today for a 
FREE tutorial. 

1-800-247-5700 

Corporation 


