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Ease-of-use + Power = 
Productivity 

In today's tough design 
environment, good engi
neering tools aren' t good 
enough. 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 pnnter 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 fast 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 24nour 
BBS. 

2~~2mr 
3175 N .W. Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 

Call or write today for your FREE Demo Disk! 
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If you would like more informa
tion about this or any other Or
CAD product, contact your local 

OrCAD representative. 
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I. WA, OR, MT, 9. IN, OH, KY, WV, 
ID, AK W. PA 
Seltech, Inc. Frank J. Cam pisano 
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ADC 11. FL 
(714)897-0319 High Tech Support 

(813) 855-5254 
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Tusar Corporation Electro-Cadd 
(602)998-3688 (404) 552-8613 
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(612)788-9234 Beta Lambda, Inc. 
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(617)935-3001 
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Interworld 
Electronics, Ltd. 
(604) 984-4171 

16. ON, PQ & Mari times 
Electralert, LTD. 
(416)475-6730 



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 
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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 
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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. 

WAVETEl4 



"If all VXI systems 
are equal, how can 
one add up to faster 
test development?" 

It's simple. By combining 
advanced VXI hardware, a 
powerful system language, 
and a common human inter
face, HP really puts your test 
development in motion. 

Start with the hardware. 
HP 75000* Series B and C 
mainframes and modules give 
you a broad selection of price 

+ 

and performance options. So 
you can tune a system to your 
needs in minimal time. 

Then, the open Tust & Mea
surement System Language 
(TMSL) lets you speed through 
test development as never 
before. It's a standardized 

instrument language that 
insures compatibility with 
all HP 75000 modules, as well 
as other common system 
instruments. And it gives you 
a migration path for the future. 

When you add the mouse
driven HP Interactive Tust 
Generator software (HP ITG) 
to the equation, you really 
take off. Virtual front panels 



+ 
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save time. Select a function 
by clicking the mouse and 
HP ITG sends the right com
mand to the right module 
automatically. With pop-up 
windows and pull-down 
menus, the interface is simple 
and speedy. 

So don't waste time. Call 
1-800-752-0900 today. Ask 
for Ext. 246J to get a catalog 

on the HP 75000 family of VXI 
products. And see how HP's 
VXI will help you kick up a 
little dust in test development. 
*The HP 75000 VXI is part of HP's Measurement 
System Architecture. 

There is a better way. 

F//'09 HEWLETT 
~e. PACKARD 
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WHAT'S YOUR OPINION? 
• How !1rportant are analog de
sign skills for engineers in the fu
ture? 
• How do the design skills of to
day's EE graduates stack up 
against those of young engineers 
of the past? 

Send us your opm1ons on these 
questions on our Reader Opinions 
fax: (201) 393-0637. Or, mail y~ur 
responses to ELECTRONIC DESIGN, 
Reader Opinions, 611 Route 46 
West, Hasbrouck Heights, NJ 
07604. 

COMING NEXT ISSUE 
• Special Report: The latest develop
ments in 12-bit sampling ADCs 
• New performance highs for 12-to-
16-bit ADCs 
• A new state-machine algorithm for 
FPGAs 
• Offload a servo system's CPU with 
a PLD-based coprocessor 
• Improve system performance with 
an enhanced SCSI processor 
• A new column on analog-system 
design: Pease Porridge 
• Plus regular features: 
Ideas for Design 
Quick Look 
Technology Advances 

ELECTRONIC DESIGN (USPS 172-080; ISSN 0013-4872) 
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Printed in U.S.A. Title registered in U.S. Patent 
Office. Copyright CJ 1990 by Penton Publishing Inc. 
All rights reserved. The contents of this publica
tion may not be reproduced in whole or in part 
without the consent of the copyright owner. 

Permission is granted to users registered with 
the Copyright Clearance Center Inc. (CCC) to pho
tocopy any article, with the exception of those for 
which separate copyright ownership is indicated 
on the first page of the article, provided thata base 
fee of $1 per copy of the article plus $.50 per page is 
paid directly to the CCC, 21 Congress St., Salem, 
MA 01970 (Code No. 0013-4872/90 $1.00 + .50). 
Copying done for other than personal or internal 
reference use without the express permission of 
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special permission or bulk orders should be ad
dressed to the editor. 

For subscriber change of address and subscrip
tion inquiries, call (216) 696-7000. 
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Superior Ave., Cleveland, OH 44114. 
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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 best address for Siemens Semiconductors: 

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-0) 
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 (B) Bruxelles, Tel (02) 5 36-2111 (BR) Sao Paulo-SP, Tel. (011) 8 33-2211 (CON) Mississauga L5T 1P2. Tel . (4 16) 564 -1995 
(CH) Zurich, Tel (01) 4 95-3111 (0 ) Berlin 10, Tel. (0 30) 3939-1; Duesseldorl 1, Tel (0211 ) 3 99-0. Frankfurt 1, Tel (0 69) 7 97-0: Hamburg 1, Tel. (0 40) 28 89-0: Hannover 81 , Tel (0511) 8 77-0: 
Muenchen 80, Tel (0 89) 92 21 -43 80, Nuernberg 1, Tel (09 11) 6 54 -0: Slullgart 1, Tel (07 11) 20 76-0 (DK) Ballerup, Tel (44) 77 44 77 (E) Madrid, Tel . (01) 555 4062 (F) Paris, Tel (1) 49 22-3810 
(GB) Sunbury on Thames, Tel (09 32)75 2615 (GR) Amaroussio Tel (01J68 64 -111 (HK) Hongkong, Tel 5-833 02 22 (I) Miiano, Tel. (02) 67 66-42 41 (lND) Bombay 400018, Tel. 4 93 87 86 



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 
(IOM) architecture, the de facto 
standard for ISDN, which makes 
installation simple, and enables it 
to work in tandem with the most 
advanced ICs available. 

Building upon the most comprehen
sive line of ISDN ICs 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-

TRANSMITTER TRANSMITTER 

RECEIVER RECEIVER 

Siemens uses CMOS technology to provide a 
superior echo cancellation solution with !he lowest 

power consumption requirements. 

ceiver for the 4B3T block code used 
in Europe, and developed the first 
single-chip device for the 281 Q code 
established in North America. And 
the PEB 2091 meets the require
ments of the American National 
Standard for Telecommunication . 

(IRL)Dublln,Tel. (01)302855 (J)Tokyo \00,Tel (03)201-2401 (N) Oslo 5,Tel (02) 633000 (NL) Den Haag, Tel (070)3333333 
(P)Alfragide.Tel . (01)4183311 (RA)BuenosAires,Tel (01)300411 (RC) Taipei,Tel (02)523 4700 (ROK) Seoul,Tel (02)275-61 11 
(S) Slockholm, Tel. (08) 7 28 10 00 (SF) Helsinki, Tei . (9) 05 10 51 (SGP) Singapore 0513. Tel. 7 76 00 44 
(TR) lslanbul, Tel. (01) 1 510900 (USA) Sanla Clara, Tel (408) 980-4500 (ZA) Johannesburg, Tel (0 11) 4 07-41 11 
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Our unsurpassed line of ISDN ICs 
are complemented 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. 

@ 1990 Siemens Componenls, Inc M 12A006 



81E L E C T R 0 N I C 
AUGUST23, 1990 

CIRCLE 116 
DESIGN 

13U! i J 11 :1 t~. n~m:1 
Editor-in-Chief: Stephen E. Scrupski 

Executive Editor: Roger Allan 

Managing Editor: Bob Milne 

Senior Editors: Frank Goodenough, 
Milt Leonard, John Novellino 

Technology Editors: 
Analog & Power: Frank Goodenough 
Communications & Industrial: 
Milt Leonard (San Jose) 
Components & Packaging: David Maliniak 
Computer-Aided Engineering: Lisa Gunn 
Computer Systems: Richard Nass 
Semiconductors: Dave Bursky (San Jose) 
Test & Measurement: J ohn Novellino 

News Editor: Sherrie Van Tyle 

New Products Editor: Susan Nordyk 

Field Bureaus: 
West Coast Executive Editor: 
Dave Bursky (San Jose) 
Boston: Lawrence Curran 
Dallas: Jon Campbell 
Frankfurt: J ohn Gosch 
London: Peter Fletcher 

Chief Copy Editor: Roger Engelke, Jr. 

Editorial Production Manager: 
Donna A. Ullio 

Associate Art Director: Alice Topf 

Administrative Assistant: Janis Kunkel 

Editorial Support Supervisor: Mary James 

Editorial Assistant: Ann Kunzweiler 

Editorial Secretary: Bradie Guerrero 

Editorial Offices: (201) 393-6272 

Advertising Production: 
(201) 393-6093 or FAX (201) 393-0410 

Production Manager: Michael McCabe 
Production Assistants: 
Donna Marie Bright, Doris Carter, 
Eileen Slavinsky 

Circulation Manager: Elaine Brown 
Subscription Inquiries: 
Mary Lou Allerton (216) 696-7000 

Promotion Manager: Clifford Meth 

Reprints: Helen Ryan (201) 423-3600 

Group Art Director: Peter K. Jeziorski 

Computer Systems Administrator: 
Anne Gilio Turtoro 

Published by Penton Publishing 
Vice President-Editorial: Perry Pascarella 
Group Editorial Director: Leland Teschler 

Publisher: Paul C. Mazzacano 



Picture yourself with 500 MHz spectrum, 
network, and impedance analysis 
in one instrument. 

Picture yourself spending only $25,000.* 

Now send for our free video, and get the 
whole picture. 

~ 
L-._~~~~~~~~~~~~~~~~~~~~~~....-.:;-=-~~~~~~~~....-.J @ 

If your audio, baseband, HF, 
VHF, and IF designs require 
spectrum, vector network or 
impedance analysis, watch this. 

Our HP 4195A 500 MHz Net
work/Spectrum analyzer video 
shows you how to get the mea
surement capability you need 
along with the convenience 
and flexibility that you want. 
All in one instrument, for 
$25,000.* 

You'll see how the HP 4195A 
handles a wide range of applica
tions with balanced specs. Like 
spectrum analysis performance 
of -135 dBm sensitivity, 3 Hz 
to 300 kHz RBW And > 100 dB 
vector network analysis dynamic 
range with ±0.05 dB/±0.3 degree 
accuracy. 

So get the picture. Call 
1-800-752-0900. Ask for 
Ext. 1148 and receive your 

CIRCLE88 

free video. It's a pic
ture you'll want 
to be a part of. 

•U.S. list base price. 

There is a better way. 

F//89 HEWLETT 
~ea PACKARD 



Welcome to Warp Speed: The AMDs I micron CMOS technol- We have commodity EPROM 

Am27HOIO from AMO. At 45ns. ogy delivers zero wait state perfor- solutions beat too. Their program 

it's faster than any other mega- mance with no cost or density code must get routed to fast RAMs 

bit CMOS EPROM. Fast enough penalty. So now you can replace to achieve high speed. With the 

to eliminate those irritating short those high-ticket. low-density Am27HOIO rocket chip you 

term memory lapses. PROMs you've been putting up with. execute directly from the EPROM. 



And no one can give you the 

range of densities-and the fast

est part at every density-like 

AMO can. 

The Am27HOIO is ready in 

volume and priced right. 

So call 800-222-9323 

and get the parts worth 

Fact is. we make and sell more not waiting for 

megabit EPROMs than anyone. Advanced Micro Devices~ 
901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088 
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IN THE ERA OF MegaChi12™ TECHNOLOGIES 

YOURDSP: ALL'll IFRE 
There is a big difference. Only Texas Instruments 
brings it all together for you in DSPs, 
from software to silicon ••• 
and we have 10,000 users 

• to prove our pomt. 
§ g:: 
~~= ' = ..:-· 
- --:- · J _J 
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ORJUST AIMOST? 

Designers are applying Tl's single
chip TMS320 DSPs (digital signal 
processors) in more systems around 
the world than any other. In fact, 
leading manufacturers in mo.5t market 
segments - including telecom
munications, computers and computer 
peripherals, automotive, industrial 
controls, consumer products, and 
military systems - use TMS320 DSPs. 

These designers choose our DSPs 
because they know there is a big dif
ference between all there and almost. 
With Tl, they know they are getting 
the mo.5t complete DSP solution in 
the business - ( 1) performance, 
(2) support, and (3) broad choice. 
These important factors are worth 
careful consideration as you evaluate 
DSPs: 

D Yes 1 Am I assured of access 
D No • to the top-performance 
devices in the field? 

Naturally, performance is a high 
priority for any DSP-based system. 
The TMS320 family consistently sets 
the performance standards for the 
industry. Among the newest additions 
are the highest performance fixed- and 
floating-point single-chip DSPs, both 
with clearly defined road maps for 
future performance upgrades. Multi
processing DSPs offer even higher 
performance. 

D Yes 2 ls world-class support in 
D No • place to help speed my 
design to market? 

Few if any DSP vendors equal the 
level of support that TI offers. 

Industry-standard high-level lan
guage optimizing compilers (ANSI C 
and Ada), HLL debuggers, the 
SPOX™ multitasking DSP operating 
system, and scan-based emulators 
provide you with a development 
environment similar to that tradition
ally enjoyed in general-purpose 
microprocessor design. 

Low-cost evaluation modules allow 
you to accurately evaluate and 
benchmark a TMS3 20 processor for 
your application. 

Such leading-edge tools are only the 
beginning of our comprehensive 
support. OtherTMS320support 
includes: 
• A hot line staffed with DSP 

personnel ready to answer your 
technical questions 

• An on-line bulletin board service 
• More than 2,000 pages of 

application notes and DSP code 
• More than 100 third parties and 

consultants 
• Hands-on workshops 
• University program with more than 

100 universities participating 

WHAT'S AHEAD FOR Tl's TMS320 FAMILY 

L/J 
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C( 
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IM McgaChip is a tmdcmark of Texas Inst ruments lnco l"}X1ra ced . 
SPOX is a trademark of Spccrron Microsystems, Inc. 
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D Yes 3 Is the choice of devices 
D No • broad enough that I can 
closely match a DSP to my price/ 
performance needs? 

Our TMS3 20 family spans five genera
tions - more than 20 members offer
ing a price/performance range from 
$4.00 to 40 MFLOPS. Your choice 
includes: 
• EPROM DSPs that shorten your 

time to market 
• DSPs optimized for specific 

applications 
• Military versions 
• Single-chip devices offering 

40-MFLOPS performance 
• Multiprocessing DSPs 
• Low-cost DSP solutions for 

cost-sensitive applications 
• Compatibility to protect your 

software investment 
At TI, we have it all, and we are 

ready to help you put it all together. 

Get your free three-volume TI 
DSP Applications Library; call 
1-800-336-5236, ext. 3528 
Or complete and mail the return card 
and we'll send you our three-volume 
TMS320 DSP Applications Library. If 
you prefer, we'll send you our TMS320 
product overview and support 
brochure. We feel sure you will soon 
be one of the thousands around the 
world achieving design success with 
the leadership TMS320 family. 

TEXAS 'I 
INSTRUMENTS 



New 
CY545 

Only $75 each 
~. . ($25/lOOOs) 

Accelerate your 
Stepper Motor 

to27,000 
Steps/second! 

Travel16 
Million Steps 

and back. 
Is your motor earthbound by sluggish 

.·. controllers that 
~_j · , ;· can't give you the 

. . performance you 
·· · need? Look at 
what you get with the new CY545 
single chip stepper motor controller: 

e 40-pin, CMOS, + 5v chip 
• Speeds up to 27K Steps/sec 
• 16 Million steps per motion 
• Programmable start rate, 

acceVdecel, slew rate 
• Pulse and Direction Output 
• Separate Limit Switches 
• Jog operation 
• Home seek command 
• ASCII or binary commands 
• Parallel or Serial interface 
• 8 General Purpose 1/0 lines 
• External memory control 
• LCD & LED Display interface 
• Thumbwheel Switch interface 

Break the single chip speed barrier 
and the high performance price bar
rier. You can't afford to pass up this 
latest innovation from the company 
that, ten years ago, brought you the 
first stepper motor controller on a 
single chip! Order by ~·· 
Fax or phone or call . . ·· '.' ~ 
today for free info. : . · 

Cybernetic Micro Systems 
PO Box 3000 • San Gregorio CA 94074 
Ph: (415) 726-3000 • Fax: (415) 726-3003 
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EDITORIAL 

GRADE TODAY'S ENGINEERING EDUCATION 

A 
recent study of Electronic Design's readers (reported in the June 14 
issue, page 109) showed that the average reader is about 39 years 
old. Thus, most of our readers have been out of engineering school 
for 15years or more, and probably have at least20years to go in this 

industry. Readers, therefore, have much at stake in the quality of today's 
engineering education. If many readers within the next 20 years take on 
added managerial responsibilities-as could be expected because of in
creased experience-much of their future success depends on the quality of 
the engineers on their staffs. That quality, in turn, partially depends on the 
effectiveness of today's engineering education. 

In our QuickLook section (page 23), we've published reader opinions on 
various questions of importance to the industry and to engineers. One ques
tion that we'd like to investigate in the future concerns the quality of today's 
engineering education: What do you think about the education that young 
engineers are getting these days? What areas are being overlooked, or, for 
that matter, over-stressed? How strong a role should humanities courses 
play in engineering education? I must question the wisdom of many human
ities courses for engineers when there's so much new technology to be 
learned-what courses are they forfeiting to fit these non-engineering sub
jects into the curriculum? Moreover, with the explosion of advances in all 
phases of electronics technology, are the traditional four years enough to 
give young engineers the foundation they need to perform effectively
should five years become the norm? On the other hand, is education only the 
starting point, with on-the-job training the only effective way to develop 
engineers? 

We'd like to hear your opinions on these questions. We will publish as 
many as we have room for, as often as we can. Fax your opinions to us on our 
Reader Fax line, 201-393-0637, or mail them to our Reader Opinions Editor, 
Electronic Design, 611Route46 West, Hasbrouck Heights, NJ 07604. 

We're looking forward to hearing from you. 

DESIGN 

Stephen E. Scrupski 
Editor-in-Chief 



TlllY 
ABSORPTNE ... REILICllVE 

finding new ways ... 
setting higher standards 

de to 4.6 GHz trom$32~~4) 
Tough enough to pass stringent MIL-STD-883 vibration, shock, thermal 
shock, fine and gross leak tests ... useable to 6GHz ... smaller than most 
RF switches ... Mini-Circuits' hermetically-sealed (reflective) KSW-2-46 

and (absorptive) KSWA-2-46 offer a new, unexplored horizon of 
applications. Unlike pin diode switches that become ineffective below 

1 MHz, these GaAs switches can operate down to de with control 
voltage as low as -5V, at a blinding 2ns switching speed. 

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1 dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its "OFF" state over the entire 
frequency range. These surface-mount units can be soldered to pc 

boards using conventional assembly techniques. The KSW-2-46, priced 
at only $32.95, and the KSWA-2-46, at $48.95, are the latest examples 
of components from Mini-Circuits with unbeatable price / performance. 

Connector versions, packaged in a 1 .25 x 1 .25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 

maintain 3ns switching speed. 
Switch fast ... to Mini-Circuits' GaAs switches. 

SPECIFICATIONS 
Pin Model KSW-2-46 

Connector Version ZFSW-2-46 

FREQ. RANGE 

INSERT. LOSS (db) 
dc-200MHz 

200- 1 OOOMHz 
1-4.6GHz 

dc-4.6 GHz 

typ max 
0.9 1.1 
1.0 1.3 
1.3 1.7 

typ 
60 
45 
30 

min 
50 
40 
23 

ISOLATION (dB) 
dc- 200MHz 

200- 1 OOOMHz 
1- 4.6GHz 

VSWR (typ) ON 1.3:1 
OFF 

SW. SPEED (nsec) 

KSWA-2-46 
ZFSWA-2-46 

dc-4.6 GHz 

typ max 
0.8 1.1 
0.9 1.3 
1.5 2.6 

typ min 
60 50 
50 40 
30 25 

1.3 
14 

rise or fall time 2(typ) 3(typ) 

MAX RF INPUT 
(bBm) 

up to 500MHz 
above 500MHz 

+17 +17 
+27 +27 

-8V on. OV off -8V on. OV off 

r;;;J M iniA~,~.!,~.~~.!~0~ 
CONTROL VOLT. 

OPER/ STOR TEMP. 

PRICE (10-24) 

- 55° to +125°C - 55° to +125°C 

$32.95 $48.95 
$69.95 $79.95 

PO. Box 350166, Brooklyn , New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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Because you're 
thinking fast .. . 

you need responsive sup
pliers as well as fast parts. 
Comlinear is tuned in. With 
high quality, high-speed 
products. Assistance from 
R&D-level applications 
engineers to help develop 
your ideas quicker. Off
the-shelf MIL-STD-883 
compliant monolithics and 
hybrids. Quality product 
documentation with guar
anteed specs so you don't 
waste time. In your busi
ness, time is everything . 
Count on us for the speed 
you need. 

Now, 
high-speed AGC 

is easier than.ABC. 
Until now, AGC amplifiers were 

only partial solutions to high-speed 
automatic gain control. You also had 
to find a high-performance op amp, 
numerous passive components and 
the board space to mount them all. 

Now all you need is the new 
CLC520 AGC-!Amp, ±5V and 
two resistors. That's it. 

You get a total high-speed AGC 
solution-with voltage-controlled 
gain and voltage output-in a single 
device. Plus outstanding perform
ance: 160MHz signal-channel and 
lOOMHz gain-control bandwidth. 
And unexpected flexibility ... 
one resistor sets maximum gain 
between 2X and lOOX, and the 
gain-control input gives you a 
40dB range. 

So don't settle for a partial AGC 
solution. Call about the CLC520 
AGC-+Amp and learn the ABCs 
of high-speed AGC. 

~Comlinear 
~Corporation 
Solutions with speed 
4800 Wheaton Drive 
Fort Collins, CO 80525 
(303) 226-0500 
1-800-776-0500 (USA) 
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More 
easy-to-use 
amplifiers . .. 

/ 

Op amps settle to 14 bits 
in32ns max. 

Extremely fast settling to 0.0025% 
and low 1. 6m V max. offset make the 
CLC402 and CLC502 op amps ideal 
for high-accuracy ND and DI A 
converters. Or in designs demanding 
high stability at low gain. Now you 
have extra design margins. 
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Low distortion for fast, 
wide-dynamic-range 
designs. 

The 170MHz CLC207 and 
270MHz CLC232 deliver ultra-low 
distortion. For high gain, choose the 
CLC207 with -80/-85dBc 2nd/3rd 
harmonics (2Vp-p, 20MHz, 200 ohms) . 
And for low gain, the CLC232 
with -69dBc harmonics (100 ohms). 
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Modular amplifiers . .. 
ready to go. 

For bench or system use, this 
family of de-coupled modular ampli
fiers gives you complete amplifier 
solutions. Including PMT amps, 
cable drivers, post-amps, very-low
distortion amps, or amps with gain 
and I/O impedances that you 
can select. 
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TECHNOLOGY BRIEFING 

NEW WAYS To LOOK AT IC TESTING 

A
dapting to change is crucial to the survival of 
any species. Fortunately for the animal king
dom, that evolution can occur over many gener
ations. In the electronics industry, where 

change is constant, people must react more quickly. 
Herein lies the significance of the theme of this year's In
ternational Test Conference: "The changing philosophy 
of test." One important movement in test and measure
ment is the recently approved boundary-scan standard 
(see "Boundary scan holds court at ITC '90," p. 41). 
Another more subtle transition is being driven by the 
proliferation of ASIC designs. JOHN NOVELLINO 

Most of today's IC designs are ASICs produced in rela- TEST & MEASUREMENT 

tively small batches numbering in the thousands, compared to the previously 
dominant standard parts with runs in the millions. This shift raises questions 
about the test tasks of verification, characterization, and production test or 
incoming inspection. How do you reduce the cost of test? What role does the 
large ATE system now play versus the smaller, much less expensive, lower
throughput machines now available? 

"What we are realizing more and more is that ASICs are generally low
volume devices, and you need testers that can do low-volume incoming in
spection tests economically," says Steve Morris, director of marketing at 
Integrated Measurement Systems, Beaverton, Ore. IMS uses the term "test
station" in a computer analogy. "You don't use a mainframe computer to do a 
job that can be done on a workstation," says Morris. "In the same way, you 
don't use a large ATE system to do a job that a smaller, less expensive 
machine can do." 

Over the last four years, the differences between smaller verification-type 
testers and larger ATE systems have been shrinking, says Morris. Some 
architectural differences exist, with ATE systems offering 100% resource
per-pin capability. But with enough shared resources, engineers can still do 
the job, and it won't be too long before smaller machines have true tester-per
pin architectures, according to Morris. 

A different tack is taken by Graham Miller, president of LTX Corp., 
Westwood, Mass. Miller estimates that with many different devices to test, 
programming makes up 60% to 70% of the total cost to test. "So what's a 
tester manufacturer to do? First of all, he's got to provide particularly good 
debugging software," says Miller. "And he's got to provide good links to the 
CAD tools. Such features as automatic test-program generation and pro
gram conversion from someone else's tester to your own tester are also very 
important." 

Miller eschews classic differentiations in favor of more subjective criteria. 
"There's no such thing as a big tester and a small tester definition," he says. 
"There's also no such thing as a million dollar tester and a less than million 
dollar tester. It's really what a tester does, or what a customer wants the 
tester to do." 

Sophistication of the vector engine is the big difference between the two 
tester worlds, according to Ed White, marketing communications manager 
for Hewlett-Packard's semiconductor systems center. "The big testers have 
a lot more formatting capability. They have the ability to make changes on
the-fly," notes White. "People have come to depend on those features." 

However, he said good tests can still be written with a more limited format 
set, although at a cost in increased programming expertise. And parts can be 
tested as thoroughly without on-the-fly changes. Throughput may suffer, 
but for small runs that may not be a problem. "'There are real benefits to 
these features, but I think what users are questioning now is whether the 
difference in price is justified," says White. 
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THE WORLD'S LARGEST SELECTION OF 

POWER SPLITTERS/ 
COMBINERS V ~ 

2 KHz to 8 GHztrom$1Q45 
With over 300 models, from 2-way to 48-way, O ~ 90° and 180 ~ a variety 
of pin and connector packages, 50 and 75 ohm, covering 2KHz to 
8000MHz, Mini-Circuits offers the world's largest selection of off-the
shelf power splitter/combiners. So why comp(omise your systems 
design when you can select the power splitterjcombiner that 
closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 

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

Of course, all units come with our one-year guarantee. 
For detailed specs and performance data, refer to the 

Microwaves Product Directory, EEM or Mini-Circuits RF/IF 
Signal Processing Handbook, Vol. II. Or contact us for our 
free 68-page RF/ IF Signal Processing Guide. 

finding new ways .. 
setting higher standards 

0 Mini•~0~0~0~0Y.~!! 
P 0 . Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
ACCEPT AMERICAN EXPRESS 
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ed-signal ASICs 

Face it, a lot of designers have mixed feelings about mixed-signal 
AS I Cs. 

They know they need a higher level of integration on their silicon. 
But they also know that mixed-signal ASICs can be a challenge. A 
big one. 

For these designers, NCR meets the challenge. 

NCR has digital and analog libraries - characterized over 
commercial and military temperature ranges wiLh functions 
ranging to 12-bit A/Ds and CMOS processes from 1.5 to sub
micron. With user friendly software tools to put them together. 

And, with NCR DesignSim A & D, a comprehensive 
Analog/Digital System Simulation Package, you may simulate the 
individual ASIC or the entire system, at speed! 

NCR also provides off-the-shelf kit parts for in-depth system 
evaluation, and custom designed cells for special requirements. 

NCR can deliver a few prototypes or a few hundred thousand 
parts all manufactured with the same controls and processes that 
assure you the most reliable products available. 

And in addition, NCR has a mixed-signal test environment 
created specifically to test Analog/Digital ASICs without 
compromising either domain. 

All this has resulted in NCR being ranked #1 in worldwide cell
based mixed-signal ASIC suppliers*. 

And that's why designers who know NCR, don't have mixed 
feelings about mixed-signal ASICs. 

Call 1-800-334-5454 for complete information. 

•Integrated Circuit Engineen·ng, 198811989 

Worldwide Sales Headquarters 
1731 "Jechnology Drive, Suite 600 
San Jose, a lifornia 95110 
408-453-0303 



without tnixed feelings 
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Asia/Pacific Sales Headquarters 
2501 Vicwood Plaza 
199 Des Voeux Road 
Central Hong Kong 
852 859 6888 



~'s 50 to 150 Watt 
Board Mounted Power Modules: 

Engineered to take the heat ... 
for virtually 100% system up-time. 

Our UL*-recognized modules not only with
stand 0° to 90°C temperatures, they bring 
Bell Labs' design innovation and AT&T qual
ity to your distributed power architecture. 
This provides leading-edge power features 
that help you reduce design time, and man
ufacturing and servicing costs, while 
enhancing reliability. 

Component needs are cut by including 
filtering and control functions within the 
package. They include an EMI filter to meet 
FCC requirements (Class A) by controlling 
both radiated and conducted EMI. 

Modules are hot-plugable in parallel 
configuration and can be replaced or ser
viced while the system is up and running
with no loss of power or data. 

AT&T power modules also allow 
parallel redun
dancy, so you 
need only one 
extra module 
to back up the 
system. All 50, 
100 and150 
wan modules measure 4.8 x 2.5 x .5" and 
are available in a variety of outputs. 

Save space and prevent downtime 
with AT&T's power modules. Call today for 
our complete catalog of AT&T SW to 150W 
devices: 1800 372-2447, ext. 590. 
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CAE SURVEY 

AutoCad, AutoDesk 
AutoBoard, AutoSketch 

Dread 

Mentor 
P-Spice, H-Spice 
I-Spice, MacSpice 

Valid Logic Systems 

P-CAD 

Futurenet, Data l/D 

Computervision, Cadra 

Hewlett-Packard 

Schema 

Tango 

Viewlogic, Workview 

Intergraph, ADP 

Dazix 

Daisy 

Racal-Redac 

Generic CAD 

PADS PCB 

0% 10% 

30.3 % 

Which 
CAE/CAD 

software do 
you use? 

20% 30% 

Source: Survey of Electron~ Design readerss Conducted by the Adams Co., Palo Alto, Calrt. 

40% 

Some of the acronyms and abbreviations making the rounds and 
what they stand for: 

ACI 
ATVG 
CALS 

advanced chip interconnect 
automatic test-vector generation 
the U.S. government's Computer-aided Acquisition 
and Logistics Initiative 

CLEFT cleavage of lateral epitaxial film for transfer (me-
chanically separating a film layer from a substrate) 

DEPOT deductive path-oriented trace (a new combinational 
ATVG algorithm) 

JPEG 
POD EM 
PHIGS 

TDX 

Joint Photographies Experts Group 
path-oriented decision maker 
Programmers Hierarchical Interactive Graphics 
Standard 
test design expert 

1-M I N U T E 0 P I N I 0 N S 

Is there an engineering shortage? 

There seem to be plenty of people who call themselves engineers. They are 
forced to say this because many of them can't spell it. Mark A. 

Long, Bluffton, Ohio. 

N o, but there is always room for another good one. Herbert Heller, 
Pittsburgh, Pa. 

T he fact that engineering salaries are depressed, raises are small, raise 
cycles are extended from 13 to 18 months, and lump sums are being given 

in lieu of raises at large corporations, are all indicators of an engineering 
manpower surplus, not a shortage. L. Bruce Blau, East Windsor, N J. 

D efinitely not! It takes months to find a new job. If you are experienced, 
it's really bad. It took my husband 10 months to change jobs last year. At 

that, he only got a lateral raise (4%). I've been looking to change jobs a while 
and companies are asking me to take less money than I currently make. I also 
have two small children, and my requests to work part-time have been met 
with derision and negativity. If there were a shortage, I feel employers would 
want to keep me. But no way! I've been told to stay home with my babies. Pro
fessions with shortages accommodate working mothers with part-time and 
flex-time. Obviously, this is not the case. 

I am not recommending engineering to young people, especially not girls. I 
recommend that they focus their energy and money on medicine and law. 
Neither my husband nor I are deadbeats. I have 11 years experience in 
software, plus an MS. He has eight years of experience as a design engineer, 
plus an MS. Name withheld 

The response from the committee I head is no. The Manpower Committee 
has historically taken the position that, while there may be short-term lo

calized shortages of engineers, on the whole, the U. S. has a sufficient supply 
of engineers. 

The problem with many of the studies that proclaim shortages is that they 
are based on demographics and not on demand. They fail to consider changes 
in technology, utilization of manpower, and the use of engineering tools. The 
critical item in my opinion is the utilization of engineers. This will become an 
even bigger issue if the predicted defense cuts are made. 

The Manpower Committee attempts to respond to published articles that 
predict engineering shortages by contacting the source of the article and re
questing background information on the study. Too often the results of such 
studies are published verbatim with no attempts to obtain other opinions on 
the subject. 

The committee is also sponsoring an engineering demand/supply study by 
one of the committee members. The results of this study should be available 
later this summer. Paul Kostek, Redmond, Wash. Kostek is chair
man of the IEEE/USA Manpower Committee. 

What's your opinion on the IEEE? ... or how about the impor
tance of analog design skills . .. or the quality of today's EE 
graduates. See the table of contents (p. 5) for a complete list of 
questions and fax your opinions to (201) 393-0637. Or mail your 
opinions to Quick Look, Electronic Design, 611 Route46 W, Has
brouck Heights, NJ 07604. 
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PC PRODUCTS 

Mice are mobile; keyboards are quick. To get 
the best of both worlds, ProHance Technolo
gies Inc. puts 40 programmable buttons on 
the PowerMouse 100. PowerCad driver soft
ware links PowerMouse to AutoCad, as well 
as to other applications. With PowerMouse, 
AutoCad users can access pop-up menus and 
execute commands without taking the cursor 
off the drawing they' re working on or having 
to shuttle between mouse and keyboard. Sys
tem requirements are an IBM PC, XT, PS/2, or 
compatible, DOS 2.0 or higher, RS-232 serial 
port, and 20K available RAM. The device lists 
for $249; more information is available by 
calling { 408) 7 46-0950. 

T I P S 0 N 

PATENTS ... 
•ALTHOUGH a patent gives its owner the 
right to prevent others from making, using, or 
selling his patented invention, it doesn't give 
anyone, including the patent owner, the right 
to make, use, or sell the invention. Because of 
rapidly advancing technology, to manufac· 
ture their own inventions many patent own· 
ers have to apply, or license, technology cov· 
ered by existing patents. 
• SINCE FILING promptly is important, 
using a registered patent lawyer avoids your 
having to revise an application. He'll file for a 
patent that fits like a good shoe-protecting 
without being too broad or too narrow. 
•U.S. PATENT protection applies only in 
the U. S. so a patent application must be filed 
in each foreign country of interest In some 
countries, if you don't manufacture an inven· 
tion, you lose patent rights. 
•WRITE TO the commissioner of Patents 
and Trademarks, Washington, D. C. 20231 for 
The Guide to the Public Patent Search 
Facilities, which describes patent indexing 
and search procedures. 
from Protecting Engineering Ideas & In
ventions by Ramon D. Foltz and Thomas A. 
Penn. Cleveland: Penn Institute Inc~ 1989. 

QUICKLOOK 
DID YOU KNOW? 

. .. that only two engineering schools in the United States awarded more than 200 B. S. degrees 
to women last year. They were Purdue University, with 246, and University of Illinois, with 219. 
Only 23 U. S. schools had more than 100 of these graduates. 
Engineering Manpower Bulletin, American Association of Engineering Societies 

. .. that pressure for early retirement seems to be increasing for engineers. Of the nearly 9,000 
engineers responding to a recent survey, 14% reported retiring before they had intended to, 
compared with 6% last year. 
1990 IEEE Member Opinion Survey 

... Perspectives on Time-to-Market 
BY RON K M ETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458 

D 
n the act of producing first-of-a-kind, me-too-with-a-twist, 
derivative, and next· generation products, I've run into a few 
snags. I've also kept my receptors tuned to the sights and sounds of other individ· 
uals who give their best shot at producing change. As the years go by, I've kept a 

list of the problems I've encountered. To my list, I've added those reported by my colleagues 
as they aired their new-product-development laundry. The reasons for the less than ideal 
performance of new product development teams resulted in a list of things to avoid, which I 
call KMET' s Top 40. I use the top 40 to guide my thinking about methods, systems, and tech· 
niques to improve time to market; solutions to these problems logically result in shorter 
time to market From the long list, I have picked a top 10, each of which I will discuss in 
future columns. 

Changing product definition 

"Creeping" features 
Technology changes 

Shortage of engineers 

Overly detailed planning 

Management-driven 
schedules 

Organization instability 

Inexperienced staff 

Unforeseen tasks 

Testing exposes problems 

Fritz Model captured the attention of the entire crew 
when he said those now famous words in Petaluma: 
"Make up your mind damn it!" 
They cannot be stopped, but they must be controlled. 
How can we possibly be thinking about RISC when the 
introduction of the 586 is only six months away? 
So the boss thought five engineers could get the job 
done in seven months and after two years of continu· 
ous twelve-hour days you're still not done! 
We've got a wall full of PERT and Gantt charts and 
nobody knows where the project is today or where it 
should be tomorrow. 
They made up for having too few engineers assigned 
by setting an absolutely ridiculous time-to-market 
goal 
Why are people leaving? Where do they go? Is it better 
there? 
Over 50% of you are new to your present job assign· 
ment 
We strive for perfection and always miss something 
along the way. 
Why won't the customer buy the simulation? 

Note that all these problems delay projects. It occurred to me that gaining some control 
over these items would lead to better time-to-market performance, which led to the forma· 
tion of Time To Market Associates. 

In the future, I'll take the base product knowledge from earlier columns and add process 
knowledge to search for solutions to the problems just detailed. Along the way, we'll make 
overall time-to-market improvements in the new-product development process. 
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The Multibus II product line has changed. 
We've dramatically reduced your costs 

and added dozens of products. And that's 
great news when your designs call for more 
than a PC. 

Today, our Multibus II system with a 386'" 

CPU, disk, tape, and 4MB of RAM is priced at 
just $9,995. 

And the costs of our Multibus II single 
board computers are down as much as 47%. 

Now you can build the Multibus II disci
pline right into your system for the price of 
VME or EISA. Multibus II's new MPI bus inter
face chip is perfect for building simple analog, 
digital, or serial interface boards. It costs just 
$40 in quantities over 100. 

The Multibus II product line has expanded, 
too. In the last year alone, we've added over a 

© 1990 lmd Coqx>r:.uion. 

dozen I/0 and CPU board products. And you 
can choose from the more than 500 Multibus II 
products on the market, including 150 full-size 
Multibus II boards. 

Need help migrating from VME? Our single
slot VME-to-Multibus II adapters will give you 
a jump on switching your custom VME boards 
to Multibus II. 

To view the entire expanse of Multibus II 
products-from over 100 vendors-call Intel 
at (800) 548-4725, Dept. AA60. Ask for a free 
copy of the 1990 Multibus II Product Directory. 

So don't delay. Call now, and start a change 
for the better. 
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One source. 
A spectrum of solutions. 
We deliver a full spectrum of rad-hard 
solutions, with military-standard and semi
custom products at tactical and strategic 
levels. Every aspect of UTMC's DESC
certified manufacturing - from design 
through final screening - is focused on 
meeting rad-hard requirements. Using our 
production-proven process, our ASICs 
deliver the hardest rad-hard of any epi- or 
bulk-CMOS supplier, with specifications to 
106 rads total dose (107 functional~, 5xl014 

neutrons/cm2
, SEU below 3.4xlff errors/ 

bit-day, and dose rate immunity better than 
1 o9 rads/sec. And you can be confident that 
our rad-hard products will meet datasheet 
specs after irradiation - we guarantee it. 
Moreover, we offer JAN-QUAL Class B, 
MIL-STD-883C, SMDs, and Level S. Our 
CAE tools support your semicustom designs 
on popular workstations, while our 
HIGHLAND® Design System makes 

first-pass success our standard. When your 
program goes into production, we deliver. 
And by specifying UTMC for tactical 
applications, you get guaranteed rad-hard 
solutions for a small premium over standard 
non-hardened parts. Plus you save the 
expense, risk and time of individual part 
qualification. So whether your program calls 
for kilorad or megarad-plus, call UTMC for 
information on our full spectrum. 

1-800-MIL-UTMC 
1575 Garden of the Gods Road 
Colorado Springs, CO 80907 

HIGHLAND is a registered trademark of 
United Technologies Microelectronics Center. 

a UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 

FIRST IN HIGH-REL 
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TECHNOLOGY NEWSLETIER 

GROUP SEEKS PC- A group of computer-board manufacturers has formed a consortium to sup
port a new standard for plug-in card instrumentation, data acquisition, and 

INSTRUMENT STANDARD control systems for the PC bus. The de facto standard, called PCXI, was de
veloped by Rapid Systems Inc., Seattle, Wash. The basic PCXI unit is a module designed to 
accommodate all PC cards built to the Industry Standard Architecture (ISA). The one-slot 
module is 1.2 in. wide, offering room for shielding on both sides of the card and a chassis shield 
between modules. The modules slide into a passive ISA backplane that's modified to improve 
power, ground, and termination for instrumentation, data acquisition, and control applica
tions. PCXI is compatible with all current PC cards and is upwardly compatible with the 386/ 
486 architecture. Besides Rapid Systems, consortium members include Analogic, Computer 
Boards, Data Translation, Guide Technology, National Instruments, Sciteq Electronics, and 
Strawberry Tree Computers. JN 

VENDORS USERS SHAPE A new program, called the Power Frame Synergy Program, will bring to-
' gether a group of EDA vendors and users to address the need for easy 

FRAMEWORK DEVELOPMENT integration of applications and design management. The program, which is 
sponsored by Digital Equipment Corp., Marlboro, Mass., will determine how the company's 
PowerFrame framework software should develop. Moreover, it will operate in cooperation 
with such standards bodies as the CAD Framework Initiative. Participation in the program 
can occur at any of five levels: user, application supplier, value-added reseller/OEM, adviser, 
and joint developer. Fifteen companies have already enlisted in the program, including Racal
Redac, Westford, Mass., and Viewlogic Systems Inc., Marlboro, Mass. Of the fifteen mem
bers, only Cadence Design Systems Inc., San Jose, Calif., and Harris Corp. Scientific Calcula
tions, Fishers, N.Y., will resell the PowerFrame software. LG 

NEW p ARTNERSHIP EYES Over two years of successful collaboration between Texas Instruments Inc., 
Dallas, Texas, and the DSP Group, San Jose, Calif., have culminated in a 10-

CUSTOM DSP MARKET year strategic agreement. The pact maintains that the DSP Group will devel
op and market custom chip sets based on Tl's TMS320 family of digital-signal-processing 
(DSP) chips. Specializing in advanced DSP techniques for speech synthesis, voice compression 
and recognition, audio enhancement, and image manipulation, the DSP Group will create 
custom chip sets for consumer and telecommunications applications. TI will manufacture the 
products and provide technical support. Target applications for the DSP chips include com
pact-disk players, cellular telephones, telephone-answering machines, personal computers, 
and facsimile machines. ML 

VHDL GROUP CLOSING IN The VHDL Analysis and Standardization Group (VASG), which is part of the 
Computer Society of the IEEE, is actively working toward establishing the 

ON 1992 STANDARD 1992 IEEE standard. The IEEE requires that its standards be re-certified at 
least once every five years. Its first VHDL standard was issued in December, 1987, therefore 
the language must be re-balloted and re-certified by December, 1992. Although the U.S. domi
nated in the participation for the first standard, future discussions will involve Europe and J a
pan. A Steering Committee was formed to administer the standardization rules of the IEEE 
and to set up a worldwide electronic communication system for information transfer between 
VASG members. The standardization effort will consist of language requirement definition, 
followed by the design of the language. The first release of the requirements document is 
expected in the fourth quarter, with the language design work to follow soon after. Balloting 
is expected to start in the fourth quarter of 1991. For more information, call (202) 371-0101. LG 

CONTROLLER ADDS Tweaking the architecture of its 68302 integrated mulitprotocol processor, 
Motorola's Microprocessor Group, Austin, Texas, has added support for a 

SIXTH PROTOCOL sixth protocol. Introduced last year, the 68302 originally supported the 
HD LC/SD LC, Bisync, Async, DDCMP, and V.110 communications protocols. The chip's abili
ty to execute microcode programs directly from the on-chip dual-port RAM has led to two new 
options: the Centronics parallel interface and the CCITT Signaling System # 7 (SS7) protocol. 
A standard for printers and terminals, the Centronics parallel interface is implemented with 
the processor's parallel 110 lines and requires a one-time license charge of $2000. With the SS7 
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protocol, the chip can control communications between central offices and large PBXs. It has a 
licensing fee of $5000. Other enhancements enable the 68302 to handle on-chip DRAM refresh 
without intervention from the on-chip 68000 core processor and without the need for external 
glue logic. The chip can also transmit fractional stop bits in the universal asynchronous receiv
er-transmitter (UART) mode for use in rate-adaption schemes for Integrated Services Digital 
Network and modem applications. ML 

SPECIALIZED ALGORITHMS Engi.neers need intelligent synthesis algorit~ms to.take full advantage of the 
architectures of complex programmable logic devices. Data 110 Corp., Red-

OPTIMIZE PLD DESIGN mond, Wash., addressed this need with Open-Abel, a new version of its Abel 
PLD design software. With Open-Abel, device manufacturers can supply specialized algo
rithms, called fitters, to the users of their devices. Consequently, engineers reap the benefits 
of a universal design language without sacrificing device support or optimization efficiency. 
Data 110 is licensing semiconductor vendors to interface their fitters to Open-Abel by means 
of the Abel-PLA format. The Abel-PLA file format is based on the PLA format developed at 
the University of California at Berkeley. Typical fitters supplied by IC vendors will include 
more syntax to describe new features, new optimization algorithms, and additional simulation 
capabilities. They will also incorporate any changes to the algorithm that generates the fuse
map. Furthermore, Data 1/0 will continue to provide its own device support. For more infor
mation, call (206) 881-6444. LG 

NOVELL PHASING OUT OF To increas7 emphasis o.n ne.tworking s?ftwar~ dev~lopment, Novell Inc. Pro
vo, Utah, 1s transferrmg its EXOS lme of mtelhgent Ethernet controller 

HARDWARE BUSINESS boards, the EXOS trademark, and current EXOS business to Federal Tech
nology Corp., Alexandria, Va. Under the non-exclusive licensing agreement, Novell will still 
own the current EXOS technology for implementing TCP/IP-to-Ethernet connectivity. Con
troller boards immediately transferred to FTC include: the 201 and 301 series for Multibus 
systems; the 202 and 302 series for VMEbus systems; the 203 series for Q-bus systems; and the 
204 and 304 series for Unibus systems. The 205 series for PC-bus systems and the 215 series 
for Microchannel architecture systems are scheduled for transfer by the end of October. The 
controller-board technology was originally developed by Excelan Inc., whom Novell merged 
with last year. ML 

10-YEAR BATTERIES Modifications of existing lithium-sulfur dioxide batteries have yielded a bat
tery that will provide power for 10 years. Scientists at Sandia National Labo-

STEM FROM NEW GLASS ratories, Albuquerque, N .M., discovered that glass corrosion in the glass-to
metal seal is the greatest cause of failure in such batteries. By developing a corrosion-resis
tant glass known as Cabal 12, the scientists could significantly extend the cells' lifespan. Cabal 
12 has a corrosion rate about one-third to one-fourth that of other corrosion-resistant glasses. 
The Sandia batteries work well in applications requiring a high assurance of success, such as 
nuclear weapons and deep-space missions. DM 

ON-CHIP CACHE LOGIC Engineers can now design simpler, high-performance 80386-based systems 
thanks to a motherboard logic chip from Opti Inc., Santa Clara, Calif. In 

EASES SYSTEM DESIGN addition, the chip holds cache-control logic. The company expects that many 
designers may give up the flexibility afforded by a chip with no cache-control circuitry for a 
lower-cost but high-performance solution. Opti's use of a direct-mapped cache and posted
write delivers the same performance as a more expensive two-way set-associative cache. The 
control circuits on the company's 82C281 PC motherboard logic chip for the 386SX can address 
external cache memories of 16 to 128 kbytes, and makes it possible for users to define non
cacheable regions. Also available is the 82C282, a slightly simpler logic chip without the 
posted-write capability for more cost-sensitive systems. It lets designers get higher system 
performance than the page or interleave memory control included into most other company's 
chip sets. Both chips include a page-mode dynamic-RAM controller that supports 256-kbit, 1-
Mbit, and 4-Mbit memories, and all of the interrupt, DMA, counter-timer, and bus-control logic 
needed to build an AT-compatible motherboard. Contact Raj Jaswa (408) 980-8178. DB 
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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 
categ0ry, and it's even faster than 
many other DSPs costing a Jot 
more. Plus the price is the same 
whether you buy 100or100,00Q. 

•The ADSP-£105builds on the high 
~performance ADSP-2100 faniily architec- _ 

"-;:-::_.._ ture,so~ co~ compatible. You canqwckly 
_ - J>Qrt ADSP-2100 or AD8_P-2101 code to the-= -- ADSP-2105.0ruseourC.Gompilerfora(ast_start. · - - _ 

- - - -_ - . 
-~~ot.only is t~ ABSP-2105 code compatible, -

it's also pin compatible with the ADSP-21Ql. 
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 po rt, hardware 

-eompanding, t~er and mor~. 

e-It's easy to get the Af>SP-2105 up 
and running with our inexpensivg. __: _ 

- EZ-KIT,a complete-software and hard-
ware design package.-

Jntmducrngaf>SP=that coulclorilfcome frnrnArlalog Devices, the AIJSP-2105.An exclHsive.because-it co;; 
bines the high perfonnanca-Of our ADSE--2100-family with an unprecedented-price in DSI'-just$9.9Q each, SQ.now _ 
yo-rrcanconsider-4;nepowerofDSPinahostofnewapplications. - - - _ - --
~-~=------------- ---, - Just ne-wwe1kloes the ADSP-2105 cornbineJow price with high -

performance? Find out for yourself by ordering our EZ--KIT from your local 
Analog_Devices sales office today. Or call DSP .... ANALOG 

'-----------~ Marketmgat(61'D461-3771. W DEVICES 
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Signetics. Be ause todays 
tomo S communic 

RECEIVER 



remote possibilities are 
cttion breakthroughs. 

... <:ompact ndio designs, choose from a complete 
~ btRF products. Including RF amplifiers, mix· 
en and IF stages. As well as our fully programmable, 
low-power synthesizer with an RF divide from 
400 MHz to over 1 GHz. 

Plus there's our fully integrated cellular chip set. 
It includes demo·boards, software and software 
suppon and is the only complete solution for 
designing cellular radio applications. With it you 
can reduce the size of your portable product 
by reducing your chip count by up to 90%. 

And for advanced feature phones, we offer a com· 
plete telephone solution including transmission 
citcuits and feature circuits. 

Or for high-speed computer connectivity there's 
our advanced Ethernet~ chip set and 100 Mbit fiber 

optic transceiver chip set. We also offer ICs that 
handle all popular protocols, including DUSCCs 
andUARTs. 

We're building a broad base of state·of·the·art prod· 
ucts utilizing our advanced, world-class BICMOS 
process QUBiC. Combining the best features of 
Bipolar and CMOS, we're now creating new classes 
ofhigh·performance devices within all our product 
families. 

Each communication IC is an example of how 
Philips Components-Signetics is designing smarter 
devices to meet tomorrow's 
needs. Including the need for 
military products. So 
whether you're designing 
your first product or a new 
generation of products, 
remember that at Philips 
Components-Signetics we 
always keep the lines of co 
munication open. Call now 
for your communications bro· 
chure: 800·227·1817, ext. 714C. 

Signetics 
EXfENDING 1HE DIMENSIONS OF PERFORMANCE 

PHILIPS 
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RAMDAC'S ON-CHIP DIGITAL SIGNAL PROCESSOR 
GIVES A GRAPHICS-WORKSTATION LOOK To PCs 

boundary as a smooth 
edge. The software driver 
for the RAMDACs mixes 
colors in real-time, defin
ing the value of every pixel 
on a shape boundary. This 
substantially raises the 
perceived resolution of the 
CRT display. And it's done 
without altering the con
tents of the standard 256-
color lookup table. 

PC designers can now 
achieve color graph
ics-with near-work

station-resolution-using 
justa6-or8-bittripleRAM
DAC. The chip is a video
palette digital-to-analog 
converter with a color look
up table. Dubbed CEG
DSP (Continuous-Edge 
Graphics-Digital-Signal 
Processor), the ADV7141/ 
7148 RAMDACs emerged 
from a joint development 
by Edsun Laboratories, 
Waltham, Mass ., and An
alog Devices, Wilming
ton, Mass. 

Edsun developed the 
CEG antialiasing algo
rithm and established the 
system-level architecture. 
The company also supplies 
the software drivers. Ana
log Devices designed the 
digital-to-analog and digi
tal-signal-process or cir
cuitry using their propri
etary CAE/CAD tools (de
scribed at the recent Cus
tom Integrated Circuits 
Conference in Boston). In 
addition, Analog Devices 
fabricates the I Cs. 

CEG raises a PC's level 
of color graphics from its 
usual complement of 256 
colors available at any one 
time to 800,000. The addi
tional colors dramatically 
improve the realism of 
such 3D effects as shading 
and highlighting on curved 
surfaces. In a picture cre
ated by these 8-bit RAM
DACs, the expected rough, 
staircase-like edges from 
curved or diagonal lines 
turn (see the figure, left) 
into straight lines or 
smooth curves (see the fig
ure, right). 

Without antialiasing, 
each pixel on the CRT ei
ther has or doesn't have a 
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designated color value. In 
a typical graphics system, 
if the edge of a smooth 
shape passes through a 
pixel, the software approx
imates the edge as best it 
can-the pixel is On if more 
than half is covered by the 
shape. Even in a high-reso
lution system with many 
pixels defining the shape, 
the eye quickly detects the 
On and Off dots. 

CEG performs antialias
ing by permitting the soft
ware to choose not only the 
discrete palette colors, but 
also a linear mix of those 
colors. For example, if only 
one-third of the pixel is cov
ered by a shape, the pixel is 
displayed in the ratio of 33 
to 67. This ratio is the rela
tionship of the shape's col
or to the background color. 
The eye perceives the new 

What will this technolo
gy add to the cost of a PC? 
The CEG-DSP DACs are 
pin-for-pin, drop-in re
placements for the current 
6- and 8-bit converters. 
Therefore , VGA boards 
won't require a new layout. 
That fact, coupled with an 
under-$25 price tag (in 
quantities of 10,000) , 
means CEG should add no 
more than a few hundred 
dollars to a VGA-compati
ble PC's cost. 

For more information, 
call Chris Hyde at(617) 937-
1422. 

FRANK GOODENOUGH 
and RICHARD NASS 

TECHNIQUE ACCURATELY PINPOINTS 
PEAK TEMPERATURES IN GAAS MMICS 

Because of their re
duced susceptibility 
to radiation, gallium

arsenide FETs are turning 
up in more microwave/mil
limeter circuits for aero
space applications. Howev
er, even though gallium ar
senide does have advan
tages in radiation, it 
dissipates heat inade
quately compared with sili
con. That's why scientists 
at the Rome Air Develop
ment Center (RADC), 
Rome, N.Y., came up with 
a new and more accurate 
technique to determine the 
peak temperatures of 
GaAs ICs. The technique 
involves using a finite-ele-

1 C DESIGN 

ment-analysis program to 
model the IC and calculate 
the temperature at the 
FET's gate region. 

In developing the tech
nique, RADC scientists 
overcame two major obsta
cles that thwarted past ef
forts to improve such mea
surements. First, the gate 
area of the IC where peak 
temperatures are found is 
tiny compared with the 
chip's size. In conventional 
analysis techniques, this 
meant a mesh that was too 
fine for analysis. In addi
tion, the gate-which is the 
heat source-is rapidly 
switched on and off. The 
result is widely varying 

temperatures that are 
hard to pin down. Such rap
id temperature changes 
during pulsed operation 
pose a concern. 

The RADC's work con
cerned MMICs used in C
hand radar modules. The 
modules consist of trans
mit and receive compo
nents attached to an alumi
num chassis, which is at
tached to a heat-sink plate. 
Thermal analy ses and 
measurements performed 
by the module's manufac
turer showed that temper
atures in the chassis floor 
were uniform and only 5°C 
higher than the h at-sink 
plate. These results told 



~~our 
~'I' logie family "1ih 
~ts that proride direct TrL 
logic compatibility. Edge rate 
control structures have a1ao been 
added to increase noise immunity 
while maintaining FCT-C speeds. 

.or PAX us 
~andwe'll 

s$iCl you a copy of 
our new ~..Spt,ed 

~/. CMOS£oglc De4tip 
6- Gulde which contains 

application information on 
reducing grotind bounce, series 
termination, and PC board trace 
characteristics, as well as an 
overview of FCT-T logic. 
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the RADC scientists to be
gin modeling at the alumi
num chassis. One of the 
highest heat-producing 
components in the module 
is the driver-amplifier IC, 
generating a peak value of 
9 W of heat and an average 
value of 2.31 W. There are 
six FET cells in the input 
and output stages of the 
amplifier. 

RADC's chief engineer, 
William Bocchi, used the 
NISA II finite-element
analysis program from En
gineering Mechanics Re
search Corp., Troy, Mich., 
for his thermal analysis. 
He began by looking for ar
eas of thermal symmetry, 
enabling areas of the mod
el to be eliminated. Study 
of temperature gradients 
from a preliminary analy
sis yielded further symme
try conditions, which made 
it possible for the model to 
be reduced to only one
fourth of a FET cell. Al
though this model was con
sidered too coarse to gen
erate peak temperatures, 
it was useful for calcula
tions of boundary condi
tions for a third and even 
finer model. That finer 
model included one half of 
a drain, one gate channel, 
and one half of a source. It 
provided more accurate 
temperature distribution. 

The final step involved 
using transient thermal 
analysis on a 2D version of 
the first model and then a 
3D version of the second 
model. The pulsed opera
tion of the C-band driver 
amplifier was simulated by 
applying a 1-ms pulse fol
lowed by a 3-ms pause. The 
objectives were threefold: 
One was to determine the 
variation of temperature 
with time to obtain peak 
temperatures; another 
was to compare transient 
results with steady-state 
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results that use an appro
priate duty cycle; and the 
third was to determine the 
di$tance away from the ac
tive region where tempera
tures are relatively con
stant with respect to time. 

Infrared temperature 
measurements could then 
be more effectively used. 

The results showed why 
transient analysis is impor
tant: peak values in the ac
tive region were 55°C high-

INTELLIGENT SOFTWARE HELPS 

er than steady-state re
sults. As the distance from 
the active region in
creased, the peak values 
approached steady-state 
values. 

DAVID MALIN/AK 

DIGITAL DESIGNERS BUILD ANALOG CELLS 

Digital engineers of
ten struggle design
ing mixed-mode sys

tems because their analogy 
technology knowledge 
comes only from textbooks. 
Gould AMI, Pocatello, Ida., 
developed an innovative ap
proach to analog modeling 
that should solve this dilem
ma. The Analog Model 
Builder, which will be avail
able in January 1991, will en
able engineers to create ana
log behavioral models on
line simply by entering val
ues for key analog 
parameters . 

Although this approach to 
model building isn't new to 
digital design, it hasn't been 
done for analog cells. Creat
ing a model builder for ana
log cells is much harder than 
for digital cells. The difficul
ty isn't writing the model
builder software, but con
ceptualizing the idea that an
alog cells can be broken 
down into primitives like dig
ital cells. Developing analog 
primitives isn't as simple as 
making digital primitives, 
such as breaking down a flip
flop into gates and trans
fers. In analog technology, 
the primitives are larger and 
more complex. 

Gould approached the 
problem by breaking down 
the most common analog 
building blocks (such as 
large gain cells, analog-to
digital converters, and 
sample-and-hold amplifi
ers) into individual primi-
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tives (such as current 
sources and small gain 
blocks). These primitives 
were then broken down 
into smaller primitives, 
which include resistors and 
capacitors. When engi
neers need to create a mod
el for an analog cell, the 
Model Builder uses a sili
con compiler to build up 
large blocks from smaller 
primitives. 

When the tool is called to 
the screen, the Analog 
Model Builder presents us
ers with a menu of analog 
functions. Selecting a 
function brings a pseudo 
data sheet up on the 
screen, complete with mini
mum and maximum values 
allowed for each entry. Us
ers must supply the input 
to the data sheet. As an ex
ample, for an ADC, the tool 
may ask for the input volt
age supply, tolerances for 
the least-common bit, and 
speed. The designated 
speed would then deter
mine whether or not to use 
a flash converter or a 
successive-approximation 
converter. 

Parameters vary accord
ing to what kind of analog 
function a cell is being cre
ated for. In addition, some 
parameter values depend 
on others. For instance, a 
dynamic range can't be 
larger than the power-sup
ply voltage. These types of 
dependencies will be 
checked by the Specifica-

tion Advisor, a proprietary 
expert software contained 
in the Model Builder. The 
Specification Advisor de
termines the feasibility of 
an analog cell based on the 
user-defined parameters. 
It also estimates area and 
power consumption. De
signers can use these val
ues to approximate costs 
and determine trade-offs 
on-line. 

The Model Builder out
puts a schematic-capture 
symbol, a behavioral-level 
analog model, and the ana
log-cell specifications used 
by Gould AMI to generate 
the actual cells. When us
ers need more detailed sim
ulation, they send the 
specifications to Gould 
AMI. The company em
ploys the Parameterized 
Analog Building Block 
Generator (PABB) to form 
a second- and third-order 
model for accurate system 
simulation. The PABB, 
which will stay a Gould in
house function, also gener
ates information needed to 
actually build the analog 
function in silicon. 

The Analog Model Build
er is part of Gould's Mixed
Signal Design Solution II 
system that will be avail
able in January. Analog 
functions that will be avail
able include a sample-and
hold amplifier, a switched
capacitor filter, a crystal 
oscillator, and an ADC. 

LISA GUNN 
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SOFTWARE BREADBOARD TEACHES 
DESIGN METHODS BY EXAMPLE 

A novel simulation 
tool from Texas In
struments, Dallas, 

teaches engineers how to 
design DSP-based boards. 
Specifically, it demon
strates how the TI 
TMS320C30 digital signal 
processor works in an ap
p lica ti on, how to verify 
ASIC performance in the 
application before commit
ting to silicon, and how to 
design for testability using 
JTAG boundary-scan tech
nology. To accomplish this, 
the tool-called DSP I 
Scope SimuBoard-pro
vides engineers with a soft
ware breadboard for an ex
ample DSP application. 

DSP /Scope SimuBoard 
is the first software bread
board that simulates a DSP 
application combining 
ASICs, standard-device 
models, and models sup
porting the IEEE 1149.1 
design-for-test (DFT) ca
pabilities. Designed as an 
audio application, Simu
Board shows how the C30 
processor is used for a 
speech-processing algo
rithm that implements 
pitch detection and speech 
compression. The simula
tion employs a fully func
tional C30 SmartModel 
from Logic Automation, 
Beaverton, Ore., to exe
cute the software code that 
performs the algorithm. 

The tool emphasizes 
ASIC simulation at the 
board level. Even after un
dergoing extensive test 
vectors, ASI Cs may not 
work properly when put in 
a board because of timing 
or functional problems at 
the board level. The TI Si
muBoard indicates that by 
simulating an ASIC in the 
board, engineers can un-

cover difficult problems 
before the design is imple
mented in silicon. 

The SimuBoard kit is a 
computer-aided reusable 
engineering (CARE) pack
age that includes schemat
ics, user documentation, 
support software, and 
SmartModels for Tl 's C30 
digital signal processor, 
Scope octal buffers, and 
memory. TI TGClOO gate
array models are included 
for the Simuboard's ASIC, 
which is a floating-point 
conversion function with 
Scope cells. Scope is Tl's 
system controllability I ob
servability partitioning en
vironment. 

A JTAG scan path is 
built in the board's design 
to show engineers how to 
simulate a serial scan chain 
in a board. The SimuBoard 
demonstrates how to exe
cute JTAG instructions in a 
Scope octal buffer, and de
tails TI Scope instructions 
for built-in self-testing. 

The board is partitioned, 
and includes manufactur
ing-defect board-level vec
tors-serial vectors that 
have been fault-graded to 
explain to designers how to 
use JTAG capabilities in a 
Mentor Graphics design 
environment. These vec
tors can then be reused to 
test the actual hardware 
prototype using Tl's Asset 
scan-based diagnostic tool. 
As a result, the tool de
scribes a DFT methodolo
gy from simulation to pro
totype test. 

For more information on 
the software breadboard, 
call (800) 336-5236, ext. 700 
in the U.S. and Canada, and 
(214) 995-6611, ext. 700 
from any other location. 

LISA GUNN 

Pickup 
a little HP 
quality today. 

0.7% DCV, 1.2% 
ACV accuracy; 
500HzAC 
bandwidth. 
3-year warranty. 

$99.00* 

HP E2377A 
0.3% DCV, 1% 
ACV accuracy; 
lkHz AC 
bandwidth. 
3-year warranty. 

$169.00* 

C> 1990 Hewlett-Packard Co. TMLID025BIED 

HP E2378A 
Sarne specs 
as the E2377A 
with a rugged
ized case. 
3-year warranty. 

$189.00* 

Call HP DIRECT, 800-538-8787, 
Ext. TH02 to order your HP handheld 
multimeter. Call before 4:00 P.M. 
and we 'II ship the same day. 
*U.S. list prices. 

There is a better way. 

HEWLETT 
PACKARD 
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"What do you tblnll of when I say 4 Megabit DRAM? 

Toshiba semiconductor products are available from a distributor near you You can reach the distributor of your choice by calling one of the central 
numbers: Active Electronics, 1-800-388-8731; Cronin Electronics, Inc., 1-800-5CRONIN; General Components, Inc., 1-800-524-1463; 
Goold Electronics, 1-800-323-6639; ltt Multicomponents Corp., 1-800-387-3687; Merit Electronics, Inc., 1-408-434-0800; 



"There's so much. New applications. New markets. 
Denser memory for our systems. we could release that 
design we made last year:' 

"So what are you waiting/or? Get to work~' 
''You're .kidding. Is the 4 Megabit DRAM out? Who's got it?" 

"'Jbshiba. And you. It should be here this 
aftemoon~' 

They're here all right. 4Mb DRAMs from Toshiba. Just think what you 
can do with them. You can attack whole new markets. Design new portable 
and lap-top applications where you've never had room for enough memory. 
Embedded applications, too, where you're always so cramped for board space. 

Here's the best part. You get the 4Mb density without any penalty in 
power. In fact, they use no more power than a lMb DRAM. That means you 
can upgrade a system without major redesign. It also means your system 
will run cool, for added reliability. 

Or how about that 80ns access time. That means you can design true 
zero wait-state systems without resorting to cache memory or complex 

interleaving schemes. 
4MbDRAM~:~l~ICATIONS 1Mx4 The high density is made 

Access Times 80ns, lOOns 80ns, IOOns pOSSible by OUr 0.8 micron 
0 erating Power 550mW, 468mW 578mW, 49SmW design fUleS, and OUr 'J.Win 'fub 
Packaging ZIP & SO' f'nJ... 
1---~--~--~~'~-____, CMOS aurication process. But Modes Fast Page Fast Page 

Nibble Static Column VOU'd expect that from the 
Static Column Write Per Bit J 

world leader in DRAMs. You'd 
expect them to be available in all standard JEDEC package and mode 
options. And they are. You'd expect them to operate on a single 5 volt supply, 
too. And they do. 

But we give you a few things you might not expect. A master slice 
concept, for instance. That will cut your qualifying costs tremendously. 
When you qualify one part, you qualify the whole family. 

We save you costly testing time, too. The 8-bit parallel test mode lets 
you test the unit as if it were eight 512K blocks in parallel. That takes only 
1/8th of the time. And the test can be done at the component, board or system 
level. In fact, your customers can test memory every time they power-up. 

There's more to tell. Much more. But we've run out of room. If you'd 
like complete information, give us a call at 1-800-888-0848 ext. 517. We'll 
drop a data sheet in the first mail. Service is our key component. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

CIRCLE 105 
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Marshall Electronics Group, 1-800-522-0084; Milgray Electronics, Inc., 1-800-MILGRAY; Marsh Electronics, Inc., 1-800-558-1238; 
Reptron Electronics, Inc., 1-800-282-1360; Rome Electronics, 1-800-366-7663; Nu Horizons Electronics Corp ., 1-800-726-7575; 
Sterling Electronics, 1-713-623-6600; Western Microtechnology, Inc., 1-800-338-1600; 







0.99 Power Factor Corrected 
Switcher With Universal Input 

I 000 wan single and multiple output switch
mode power supplies operate from 120 VAC 
15 Amp service, or as Universal Input from 
90 to 264 VAC line without strapping. Units 
meet IEC 555-2 harmonic distortion and 
UL, CSA, VOE, EN, and FCC safety and 
EMI specifications. Other models operate 
from 48 VDC or 120/230 VAC. 
Contact: Qualidyne (619) 575-1100 

Qualidyne .. CIRCLE 641 

Compact, Modular Switchmode 
Supply Meets Class B EMI 

Compact power supplies can provide up 
to 400 watts with hundreds of volt/amp 
combinations of from 1 to 7 DC outputs. 
Units are available with in-line or side
mount 1/0 terminals and operate from 
120/230 VAC. Options include Auto 
Current-Sharing with a isolated Power 
Supply Fail signal, ideal for N+ I use. 
Contact: Qualidyne (619) 575-1100 
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Low Profile/Low Cost Supplies 
Are Only 2" to 3" High 

Compact switchers feature robust, high
current main and auxiliary outputs to suit 
OEM needs. Single and multiple output 
models provide from 250 to 1000 watts. 
Wide user-adjustment ranges, auto AC 
line select, integral fan-cooling, margin
ing, and inhibit are among the features 
and available options. 
Contact: Qualidyne (619) 575-1100 
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ADVERTISEMENT 

Modular 5" x 5" & 5" x 8" AC-DC 
Switchers & DC-DC Converters 

Hundreds of models with up to 9 indepen
dent outputs can be easily configured to 
meet custom requirements without delays. 
Providing 800 to 3000 watts, units operate 
from 48 VOC or 120/230 VAC. All meet 
EMI and safety specs from UL, CSA, EN, 
FCC and VOE. Wide adjustable and cur
rent sharing outputs available. 
Contact: Qualidyne (619) 575-1100 

Qualidyne .. CIRCLE 644 

-------1990-91 CATALOG-------

SWITCHMODE POWER SUPPLIES 
•AC-DC •DC-DC CONVERTERS • 0.99 POWER FACTOR 

• LowCost 
• Low Profile Case 

• 250 to 600 Watts 
• 1 to 4 Outputs 

• Feature-Intensive 
• Low Profile Cases 

• 1 to 9 Outputs 

• User-Configurable 
• 1 to 9 Outputs 

• Quick Customized Supplies 
• Modular Construction 

• 500 to 1000 Watts 

• 1KWto3KW 

• Wide Adjustment Ranges 
• 600 to 1000 Watts 

• 2V to 56VDC Outputs 

• 1 to 7 Outputs 

• 1 to 9 Outputs 
• N + 1 Redundancy 

Q.ua/id11ne 
Lam/xla Group of Unitech pie 

FREE NEW 66-PAGE CATALOG/BINDER 
CALL OR WRITE: QUALIDYNE 

3055 DEL SOL BLVD. 
SAN DIEGO, CA 92154 
PHONE: (619) 575-1100 

FAX: (619) 429-1011 

.. CIRCLE 645 



TECHNOLOGY ANALYSIS 

BOUNDARY SCAN HOLDS 
COURT AT ITC '90 

TECHNICAL PAPERS ON IEEE-1149.1 AND A MEETING 
WITH ITS AUTHORS HIGHLIGHT THE SHOW. 

JOHN NOVELLINO 

ppropriately enough, 
the upcoming Interna
tional Test Confer
ence features a strong 
collection of technical 

/ 
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papers on various as
pects of boundary-scan techniques. 
The show comes soon after the for
mal approval of an IEEE standard 
for this emerging technology. This 
standard helps ease the task of test
ing densely packed pc boards con
taining components with closely 
spaced pins or surface-mounted com
ponents. But no standard can cover 
all aspects of a technology, so plenty 
of room exists for discussions on the 
partial use of boundary-scan compo
nents, descriptive languages, test
pattern generation, and other relat- 11. A KEY FEATURE OF THE IEEE-1149.1 boundary1!Can architecture is the 
ed topics. test access port. Here, test signals can be serially applied and read on only four pins. 

More than a dozen papers at ITC 
'90, scheduled for September 10 through 14 in Washing
ton, D.C., discuss these topics as well as specific applica
tions of boundary-scan testing. In addition, the confer
ence features a two-hour panel session with the mem
bers of the IEEE-1149.1 working group. This open meet
ing offers attendees the chance to discuss any problems 
or suggestions they encountered while implementing 
their own designs with the people who actually devel
oped the standard. 

Work on the boundary-scan standard began in N ovem
ber 1985 with the formation of the Joint Test Action 
Group (JTAG). Some of the biggest names in the electron
ics industry were among the group: AT&T, British Tele
com, DEC, Hewlett-Packard, IBM, Motorola, Philips, 
Siemens, and Texas Instruments. The idea was to replace 
the traditional probe technology-the so-called bed-of-

nails fixture-that had become too expensive and unreli
able for testing high-density boards with VLSI and sur
face-mounted components. By April 1988, a technical 
proposal for boundary scan existed, and development of 
the standard was transferred to the IEEE. 

The IEEE Standards Board approved IEEE Standard 
1149.1, IEEE Standard Test Access Port and Boundary
Scan Architecture, last February 15 and the document 
was published in May. The standard defines the test cir
cuitry required in I Cs and a uniform chip-level interface 
for communicating test, maintenance, and support infor
mation. 

With the four-pin (optionally five-pin) test access port 
(TAP), external devices can communicate with the on
chip test circuitry (Fig. 1). The required pins include Test 
Data In (TDI), Test Data Out (TDO), Test Mode Select 
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(TMS), and Test Clock (TCK). To 
achieve this minimal number of pins, 
instructions and data are transmit
ted serially. The on-chip circuitry in
cludes a scan path that enables the 
tester to determine whether the IC is 
properly connected. Also defined is 
an optional self-test mode for the IC 
itself as well as other functions, such 
as the ability to read an identity tag 
embedded in the test circuitry. 

TAMING THE SPEED DEMON 
One common problem test engi

neers face is keeping up with the 
speeds of the products being devel
oped. Under the best circum
stances, it's difficult to do at-speed 
tests on today's fastest devices. 
Surface-mounted components and 
25-mil pin spacing only make the 
job tougher. Fortunately , the 
IEEE-1149.1 sample mode makes it 
possible for users to sample the re
sponse data from a module under 
test (MUT) at the module's speed, 
but transfer the data to the tester 
at a much slower rate. 

Mark F. Lefebvre of Digital 
Equipment Corp., Andover, Mass. , 
describes a sample-mode scan tes
ter that takes advantage of this 
speed difference. The tester is be
ing developed to diagnose at-speed 
functional faults on modules that 
incorporate boundary-scan tech
nology. Lefebvre's paper, "Func
tional test and diagnosis: A pro
posed JTAG sample-mode scan tes
ter," notes that initial results indi
cate that sample-mode testing can 
effectively reveal faults on boards 
where the lack of physical access 
prevents the use of traditional 
functional testing. 

The test procedure captures the 
nodal response of the desired test-se
quence cycle at the boundary-scan 
latches required in devices that com
ply with IEEE-1149.1. This data is 
then shifted to the tester. The trans
fer, however, doesn't have to occur 
immediately after capture and 
needn't be done at MUT speed. The 
tester Lefebvre describes includes a 
scan subsystem and a host proces
sor. The scan subsystem contains 
hardware that manipulates the MUT 
interface and controls the operation 
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of the 1149.1 devices on the MUT. 
The host processor-a VAXStation 
3500-controls the scan subsystem, 
executing the needed software mod
ules. The application program is also 
loaded and executed from the host 
processor. 

The technique does have some lim
itations. For one, the MUT must con
tain the signals and logic needed to 
synchronize the module test se
quence and the tester's operation. In 
addition, the relationship between 
the MUT and the test clocks will de-

lno------i 

Out 
ATPGl'ISdls 

Combinatorial/ 
sequential/total Whole 

No. of devices 13/17/30 28 
No. of faults 352/198/550 548 
No. of fault classes 241/139/380 379 
Fault grade(%) 97/100/98.1 98.3 
No. of patterns 37/69/106 100 

2.AGENERAL 
DEMONSTRATION BOARD built 

Out 

by Texas Instruments to evaluate automatic 
test-pattern generation for boundary scan 
was configured to drive an LED array. The 
ATPG tests were performed twice-once with 
the board partitioned into sequential and 
combinatorial logic, and again with the board 
as one entity. 

termine the tester's effectiveness. 
Finally, for satisfactory diagnostic 
resolution, a large percentage of the 
MUT devices must comply with 
IEEE-1149.1. 

That last condition reflects one 
concern of boundary-scan testing. 
Although the technology has been 
well received, it will be a long time, if 
ever, before pc boards contain 100% 
boundary-scan devices. Gordon D. 
Robinson and John G. Deshayes of 
GenRad Inc., Concord, Mass., ad
dress this problem in their ITC '90 pa
E S I G N 

per, "Interconnect testing of boards 
with partial boundary scan." The au
thors note that diagnosing shorts 
and opens on boards with both 
boundary-scan and non-boundary
scan parts is difficult, largely be
cause the normal parts are powered, 
active, and unpredictable when the 
boundary-scan circuitry is used. 

The test procedure requires four 
stages. The first is a conventional 
shorts test between all of the places 
where the tester has physical access. 
Next comes a scan-path integrity 

test, which ensures that the test
ability circuitry in the boundary
scan devices and the scan-path seg
ments between components work 
well enough to be used in later 
stages. 

The third stage is an interaction 
test, which checks for shorts be
tween nodes with physical tester 
access and boundary-scan nodes 
without such access. The last stop 
is an interconnect test that looks 
for opens and shorts on the pure 
boundary-scan nodes. This stage is 
similar to other boundary-scan in
terconnect test methods. 

NORMAL DEVICES DISABLED 
When checking for shorts be

tween nodes with full or partial 
boundary-scan control and bound
ary-scan or tester observability, 
the authors include the board's 
edge connector inputs and outputs. 
This is because they can be con
trolled and observed as easily as 
the boundary-scan nodes. When 
the test is in this stage, a set of pre
calcu lated patterns identifies 
groups of nodes that may be short
ed. Then a set of adaptively gener-

ated patterns walk a dominant value 
through these groups. 

If a node can be driven by either a 
boundary-scan or non-boundary
scan component, the normal compo
nent must be disabled by holding its 
enable line at the disable value. This 
is done with standard in-circuit isola
tion algorithms. 

If boundary-scan testing is to gain 
wide-spread acceptance and use, the 
industry must have a standard lan
guage to describe the essential fea
tures of devices that comply with 
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IEEE-1149.1. The document leaves 
much room for user-designed fea
tures and options, so designers will 
need a way to describe their particu
lar implementations. Kenneth P. 
Parker and Stig Oresjo of Hewlett
Packard's Manufacturing Test Div., 
Loveland, Colo., propose a solution 
in their paper, "A language for de
scribing boundary-scan devices." 
The language was developed with in
put from a large number of compa
nies, many of which helped draft 
IEEE-1149.1. 

The language, dubbed Boundary
Scan Description Language (BSDL), 
is a subset of the VHSIC Hardware 
Description Language (IEEE Stan
dard 1076-1987, VHDL). The authors 
state that the language was written 
with two criteria in mind: that it be 
user-friendly when writing files, and 
that it be simply and unambiguously 
parsable by computer. Another ben
efit, according to the paper, is that 
users who attempt to code device 
features or make semantic checks 
may discover compliance violations 
in the device. If a device can't be de
scribed by BSDL, the component 
doesn't comply with 1149.1. 

BSDL isn't a general-purpose 
hardware description language; it 
describes the testability features of 
1149.1-compliant devices. With a 
BSDL description and a knowledge 
of the standard, tools for testability 
analysis, test generation, and failure 
diagnosis can understand the data-
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transport characteristics of a device. 
VHDL's additional capabilities per
mit simulation, verification, compli
ance analysis, and synthesis func
tions. 

The proposed language concen
trates on the many options that de
signers of boundary-scan devices 
can choose. In fact, it doesn't include 
design elements required by IEEE-
1149.1. For instance, BSDL doesn't 
describe the Bypass Register be
cause the standard fully defines it, 
without options. The authors note 
that going this route should elimi
nate both redundancy and the oppor
tunity for error. 

An area in which boundary-scan 
techniques should have a major im
pact is automatic test pattern gener
ation (ATPG). Few ATPG tools are 
available for board testing, but 
IEEE-1149.1 should facilitate both 
manual and automatic pattern gen
eration for boards. The key is proper 
partitioning of the board into the log
ic clusters required by 1149.1, ac
cording to "ATPG issues for board 
designs implementing boundary 
scan." 

ATPG EXPERIMENT 
The paper-written by Don 

Sterba, Andy Halliday, and Don 
McClean of Texas Instruments' De
fense Systems and Electronics 
Group, Plano, Tex.-describes an ex
periment conducted on three differ
ent types of demonstration boards to 
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13. THE SCAN-AND-CLOCK-RESOURCE IC designed by Apollo Computer 
uses a phase-Jocked loop and voltage-controlled crystal oscillator to align clocks from 
different boards with each other. 

441 E L E C T R 0 N I C 
AUGUST23, 1990 

DESIGN 

evaluate ATPG in a boundary-scan 
environment. According to the au
thors, the partitioning makes it pos
sible for the ATPG tools to work on 
smaller clusters of logic, rather than 
on a complete board, making ATPG 
more feasible. 

The first board was a general dem
onstration board that held a small de
sign with a sequential logic partition 
and a combinatorial logic partition 
that included a boundary-scan ASIC. 
The second was a more complex 
board with a boundary-scan ASIC, a 
statistical data processor, a speech 
processor, state machines, and a 
VME-bus interface. The last board 
was based on a digital signal proces
sor and contained a boundary-scan 
ASIC, two digital-signal-processor 
chips (one with boundary scan), a mi
crocontroller sequencer, and a VME
bus interface. 

Conventional buffers, transceiv
ers, latches, and registers were re
placed with Tl's Scope Octals, which 
have boundary-scan capability. The 
ATPG and fault-simulation tool used 
was Racal Redac's Intelligen/Cadat, 
which handles sequential and combi
natorial logic and processes func
tional primitives. 

The general demonstration 
board's state machine outputs drive 
an LED array (Fig. 2). Intelligen 
handled the board in two different 
modes. First, the board's sequential 
and combinatorial logic partitions 
were submitted separately. Then the 
design was submitted as a whole. 
The results were similar, varying 
only because of the duplication re
quired by the partitioning. About 100 
patterns were generated and 550 
faults were defined. Fault coverage 
was better than 98%. 

The authors concluded that de
signers implementing boundary 
scan should follow general guide
lines for design for testability (DFT), 
especially the isolation of complex 
devices. By replacing standard parts 
with scannable ones, many DFT fea
tures can be used without any addi
tional components. Also, a struc
tured, hierarchical method of design 
capture in the CAE environment will 
make partitioning easier. 

Taking advantage of scan-based 
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techniques, Apollo Computer, 
Chelmsford, Mass., designed a chip 
that can act as a centralized resource 
to control board-level test functions. 
By placing this scan-and-clock-re
source (SCR) chip on each board, 
Apollo can link every board to an in
ternal or external test processor, 
eliminating the need for specialized 
in-circuit testers. The SCR chip is 
used on the Apollo DNlOOOO work
station. 

Bulent I. Dervisoglu describes the 
SCR in his ITC '90 paper, "Towards a 
standard approach for controlling 
board-level test functions." Besides 
accessing the scan paths and other 
testability features available on the 
board, the chip generates the neces
sary clock signals. It can supply sep
arate control and clock signals for up 
to eight independent ports. Apollo, a 
division of Hewlett-Packard, select
ed certain differences in the features 
of various board components han
dled by the SCR. Other differences 
must be resolved by the diagnostic 
software . Consequently, the chip 
works with boards that have both 
scan-based and non-scan parts. 

The clock circuitry minimizes the 
skew among the several clock sig
nals (Fig. 3). A local voltage-con
trolled crystal oscillator and phase
locked loop align clocks from differ
ent boards with each other. A free
running output from the chip is fed 
back to supply the SCR's own clock. 

The SCR has a limited instruction 
set that uses or modifies a set of 16-
bit internal registers. The three cate
gories of instructions include regis
ter op instructions, which read or 
write the registers; clock control in
structions that start or stop the func
tional clock; and scan control instruc
tions, which perform regular scan
in/ scan-out operations or generate 
pseudo-random test vectors and cap
ture test signatures. All instruction 
op codes are 8 bits long. 

Dervisoglu notes that one advan
tage of this approach is that the tar
get chips and boards can share the 
controller's features. As a result, 
testability features that may be too 
costly to include in the individual 
chips can be made available through 
the SCR.D 
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68040 SYSTEMS EQUIPPED 
• • l . 

Systems utilizing the new 

Samsung 84C31 take off. 

They run like Triple Crown

winning 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 84 C3 l was designed 

-~LL NOTICE A 

with the close cooperation 

of Motorola. It is the only 

DRAM controller designed 

SAMSUNG'S DRAM CONTROlilR 
FOR THE 680AIOAND 68030 

Part Numlx.r RAAf, SupportM Parkage 

KS84C31-33CL 256K, !Mb 68-p;n PLCC 

KS84C32-33CL 256K, !Mb, 4Mb 84-p;n PLCC 

Stunplu aM production availahk nDM•. 

specifically for Motorola's 

powerful 6804 0 and 68030 

microprocessors. 

Like the extremely suc

cessful earlier-generation 

... .. 

, 

1 .. • • • 

: ; . 

Samsung Sy stem Acceler~- . -., : 1 

tors~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 



WIT.H OUR DRAM CONTROLLER: 
CERTAIN IMR OVEMENT. 

4 ' 

'to the . microproc~ ssor. 
Which saves you dollars, 
board real estate, and 

68030 PERFORMANCE SUMMARY 

Arce.NClm:k.J DRAMSp«J foqULncy ( Mbz) 

4.2.2.2 70 ns 20 

5-2-2-2 120 ns 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 

~PERFORMANCE SUMMARY 

3-2-2-2 80 ns 25 

5-2-2-2 100 ns 25 

6-2-2-2 120 ns 25 

5-2-2-2 80 ns 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 
84 C3 l 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. Or call 1-800-669-
5400, or 408-954-7229. 

SAMSUNG 
Semiconductor 

C Sanuung SoniconJuctor, /,,c., /9!JO. Sy.itun Acctkralor /J a truiknuui 
of Sanuung SonU:onducwr, !lfC. Alotorokl ~a trailunark tr/ Afoloro/a, !t1t:. 
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7:05 am: Breakfast 
Suddenly, between bites, 

the answer to that new system 
design jumps right into your 

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

8:50 am: Design 
You warm 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 

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

and route all 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 have 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~ OrCAD1

1' 

and Mentor.™ 
And do it in hours instead of weeks. 

Even between meals. 
How? With features like 85% gat 

utilization. Guaranteed. Plus 100% aut 1natic 
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1: 15 pm: Program 
You load the Activator™ 

progromming 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 
Adel's logic solution con help 
you be brilliant tomorrow. 

equations across multiple PLDs. 
Or being short on flip flops. Or 
running out of connections halfuray 
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 Actel Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, Activator, Actionprobe and r'LICE are trademarks of Actel Corp. PAL is a registered trademark of AMO Corp. LCA is a trademark of Xii in• Corp. Viewlogic is a 
trodemark of Viewlogic Systems, Inc. OrCAD is a trademorli of OrCAD Systems, Inc. Mentor is a trademark of Mentor Graphics Corp. 
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Don't keep 
your processor 

in suspended 
animation. 

Introducing the industry's flrst 
20 and 25ns--1 Megabit SRAMs. 

History is filled with examples of good architecture 
gone bad. Elegant designs left hanging because they 
didn't have the right parts. 

As a system designer, you've probably experienced 
the same thing. Now, Paradigm Technology offers a 
solution. The industry's first 20 and 25-nanosecond 128K x 
8SRAMs. 

Our 1 Mb SRAMs provide significantly enhanced 
functionality, throughput and performance in a variety of 
architectures. What's more, a very small cell size allows our 
chips to fit neatly into packages as small as 400-mils-all 
made possible by a 
proprietary dual-well 
CMOS process. 

Best of all, every 
SRAM is fabricated right 
here in our own facility in 
San Jose, California. 

Don't keep your 
processor in a state of 
suspended animation. To 

1Mqpblt128K 1t 8 Package 

Access 400mil 600mil 400mil 400mil 
Time Sidebraze Side braze SOJ Cerpack 

:zoos .... SllPl' NOV SllPl' 

:ZSos NOW SllPl' NOV SEPI' 

Military-grade pans under MIL-SID-883 
Class C available in 4th quarter 1990. 

place an order for any of our family of very fast 1 Mb and 
256K SRAMs, call Paradigm's Express Chip hotline today. 

Catch the Expresssm 
1-800-767-4530 

PARADIGM TECHNOLOGY, INC. 71 Vista Montana, Sanjose, California 95134 
(408) 954-0500 FAX (408) 954-8913 
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COVER FEATURE 

D ELTA-SIGMA ARCHITECTURE PUTS Two 18-BIT 
A u nio DACs-CoMPLETE WITH DIGITAL A ND 

ANALOG FILTERS-IN A TINY 28-PIN SOIC. 

18-BIT AUDIO DACS CUT 
PCB SPACE DRAMATICALLY 

FRANK GOODENOUGH 

pen a compact-disc player, and 
you'll find that the digital-to-an
alog conversion section occu
pies 8 in. 2 .of space, approximate
ly. The section includes a two
channel digital interpolation fil
ter IC, followed by a dual 16- or 
18-bit DAC chip . The DAC 
drives an IC with a pair of con

tinuous-time lowpass smoothing filters. 
Rounding out the section is an IC with a pair 
of output op amps (see the opening illustra
tion). Not including a DAC, these four IC 
packages plus a handful of resistors and ca
pacitors for the filters cost about $30 to $40 
(in 1000-unit lots). And an 18-bit dual DAC 
could run another $15 to $20 in cost. 

Crystal Semiconductor has replaced all of 
those parts with a true subsystem-on-a-chip 
in one 28-pin SOIC package-the CS4328. The 
chip is just 0.7-in. long by 0.4-in. wide, includ
ing pins (it's also available in a 28-pin DIP). 
Moreover, with an A-weighted dynamic 
range of97 dB, it's as good as any audio DAC 
commercially available over the audio range. 
A-weighting is a term that refers to a stan
dard curve that defines a CD player's modi
fied frequency response. The complete DAC 
sub-system, which includes separate analog 
and digital CMOS chips on the same lead
frame in one package, will be priced at about 
$30 each in 1000-lot quantities (see the table). 

Crystal accomplished this miniaturizatiop 
task by applying its expertise in delta-sigma 
analog-to-digital converters and by translat
ing it into delta-sigma DACs. The tiny SOIC 
package contains two complete 18-bit DACs. 
The DACs, without any other components, 
take a standard 3-line serial input from the 

audio data processor and supply a pair of out
puts ready for an RCA-type phone-jack. That 
is, the two outputs are ready to put 2 Vpk-pk 
across 600 n. 

The 36,800 mil2 digital die is built on a 1.5-
µ.m process, while the 28,500-mil2 analog chip 
is built on a 3-µ.m process. Similar to most dig
ital I Cs, the former can be shrunk easily with 
a new mask set and a finer-geometry process, 
for possible further cost reductions (Crystal 

E L E c T R 0 N I c D E s I G NI 51 
AUGUST23, 1990 



COVER: COMPLETE 18-BIT STEREO DAC 

has already shrunk the digital die in 
their audio ADC). 

There's much more to the CS4328 
dual-DAC ICthan its application in a 
CD player. For openers, it's a pair of 
true, slightly better than 16-bit-accu
rate, glitchless DACs that can be up
dated at rates that are better than 50 
kHz. Each of the two DACs costs 
about $15 in 1000-unit lots. More
over, the analog smoothing filter in 
the output circuit of each DAC di
rectly tracks the DAC's input word 
rate. Consequently, the same device 
can be used for diverse applications 
without redesigning a filter circuit. 

These applications include preci
sion waveform generation for a vari
ety of uses, ranging from ATE and 
arbitrary waveform creation to com-

plimenting a delta-sigma ADC in 
DSP applications. Other applications 
include music synthesizers, studio 
audio systems, and musical-instru
ment keyboards. Note that if a de 
voltage is required from these 
DACs, they must be refreshed con
stantly with the same digital word. 

A more esoteric application in
volves music composition on work
stations. Software designers can 
write music for composers on their 
workstations. Once connected to one 
or more DACs and a multichannel 
audio system, the designers can lis
ten to the music instantly. 

A CLOSER LOOK 
Following the IC's serial input in

terface block are 8X oversampled 

Format Select 
~ 

Digital Input Format 0 Q ) Digital Input Format 1 

digital interpolation filters (see the 
figure). The filters drive 64X over
sampled digital delta-sigma modula
tors, each producing a 1-bit bit
stream. In the 1-bit DACs, the bit
stream converts the reference to a 
train of pulses with constant height 
and variable-ONEs density (ONEs 
density is the ratio of the number of 
ONEs to the number of ZEROs for a 
given period of time). 

The analog pulses from the DACs 
are applied to the 4th-order switched
capacitor, lowpass, analog filters. 
The pulses drive two-pole, continu
ous-time filters to eliminate 
switched-capacitor clock noise. The 
switched-capacitor filter convenient
ly tracks the clock frequency, mak
ing it possible for the 4328 to be used 

r---- -- 1-------:---- - --- - -- --- - - -------1 
~--~ left/Right C~k I Digital die I 

Audio data Bit Input :_ i Serial·input L!,!. CS432B I 
processor Clock ;: 1 interface r"""" 

. -,.,-
...._ __ ___. Serial Data Input 1 

Power.up 
and 

calibration 
control 

I 
I 
I 
I 
I 
I 

Reset -". l 
-....,-I 

I 
I 
I 

r---------...J 

.L 

BX digital Digital 
_.. interpolation 1-- f+' delta.sigma H-i rr filter modulator 

.L 

Voltage 
reference 

Analog die 

UiJ . BX dig it~I Dig i~al ~ 6th.order 
i"'I mterpolat1on I--- delta·s1gma 1·bit DAC i-- analog lowpass H MOSFET t-f-+-o-

fllter modulator H-i filter amplfier 

~ SRAM 

l Calibration microcontroller] .----Cl-oc-k o-s-cil-lat-or-.d-ivi-de-r --..., 
6th·order MOSFET 

'+--I 1-bit DAC 1-+i analog lowpass H amplfier 
fil ter 

L ____ --- ----- -- --- -- -- ------ - - +------ - --+----
Comparator ¢ ¢ External ¢ External Clock ~ ::, o Analog Analog ¢ o ¢. 

Input Calibration Clock Input Hou0t~~ Clock-Speed Clock Output Clock Input Calibration Comparator Output 
Output 1 r-- Select Input 

6 Optional crystal 

Analog 
outputs 
(± 2V) 

I TWO CHIPS COMPOSE the CS432818-bit, dual complete audio DAC: a digital circuit on a large and dense die made in a 1.5-µm CMOS 
process (left), and a precision analog circuit on a smaller die made in a 3-µm CMOS process (right). The digital circuit converts 
a 31r to 51rkHz bit-stream to an oversampled, digitally filtered, delta-sigma modulated stream. The analog circuit, in turn, converts 
the modulated stream to a pair of audio signals ready for a headset or a stereo amplifier. 
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COVER: COMPLETE 18-BIT STEREO DAC 

with all three standard digital-audio 
sampling rates (32, 44.1, and 48 kHz), 
or any other rate required for a spe
cific application. If very-low-fre
quency sampling-say a few kilo
hertz-is used, more continuous
time filtering can be added at the out
put stage. 

The continuous-time filter drives 
the CMOS output amplifier, which 
puts out +2 V across 600 n. The am
plifier's output is short-circuit pro
tected by limiting the output current 
to +20 mA. The 4328's signal-to
noise + distortion (THD+ N) ratio is 
a minimum of93 dB. A-weighted, the 
4328 dual-DAC's THD+N ratio is 
typically 97 dB. 

Like all of Crystal's ADCs, the 
4328 has autocalibration. An auto
zero operation is instigated after 
power-up by bringing the Reset pin 
low. This action forces the output of 
the DACs to zero (through the cali
bration microcontroller) and resets 
the digital filter and modulator. The 
digital correction word is stored in 
the static RAM. When Reset goes 
low, the Calibration Output signal 
goes high and stays high until the 
end of an offset-calibration cycle, 
which takes 1024 input-word-rate cy
cles to occur (the input word rate is 
the frequency at which new words 
for each channel are fed to the DACs, 
and is the same as the frequency on 
the Left/Right Clock line). The Cali
bration Output signal line must be 
connected to the Comparator Input 
signal line for offset calibration to 
occur. 

SYSTEM SIGNALS 
Because the 4328's digital-signal 

and control circuits are versatile, the 
IC can operate with four different se
rial data formats of 0 through 3. For
mat 0 is compatible with the combi
nation of existing 16-bit DACs and 
digital-filter chips. Format 1 is the 
18-bit variant of format 0. Format 2 
is similar to that of Crystal's ADCs 
and many DSP serial ports. Format 3 
is compatible with the popular 12S se
rial data protocol. 

Formats 2 and 3 support 18-bit 
words, as well as 16-bit words fol
lowed by two zeros. All formats em
ploy a two's-complement code, with 
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CS4328 DUAL 18-BIT DAG SPECIFICATIONS 
Parameter Minimum Typical Maximum Units 

Dynamic range 93 95 dB 
Dynamic range (A-weighted) 97 
Signal-to-noise + distortion ratio 

OdBout 92 94 dB 
-20dBout 75 dB 
~OdBout 35 dB 
-20 dB out (A-weighted) 77 dB 
~O dB out (A-weighted) 37 dB 

Phase response ±0.5 Deg. 
Passband (see note) 

To 3-dB corner 0 23.5 kHz 
To 0.001-dB corner 0 21.6 kHz 

Ripple 0.001 dB 
Stopband 26.4 kHz 
Stopband attenuation 90 dB 

lnterchannel isolation -80 dB 
De interchannel gain mismatch ± 1 mV 
De gain error ±5 % 
De gain drift 150 ppm/°C 

De offset error (after calibration) ± 1 mv 
Full-scale output-voltage range ± 2 Vpk-pk 
Power-supply current 

Analog@ + 5 V 35 mA 
Analog@-5 V 35 mA 
Digital@ + 5 V 50 mA 

Power-supply rejection ratio 30 dB 

Analog characteristics are at 25°C; supply rails = ± 5 V; full-scale output sinewave = 991 Hz; input word rate = 48 
kHz; data clock = 3.072 MHz; load R = 10 kX; measurement bandwidth is 10 Hz to 20 kHz, unweighted unless noted. 

Note: The passband and stopband edges scale with frequency. For input word rates (IWRs) other than 48 kHz, scale 
the 0.001 -dB passband edge by 0.45 X IWR and scale the stopband edge by 0.55 X IWR. 

the most-significant bit being first. 
Data is brought in from the audio 

data processor on the Serial Data In
put pin, while the Bit Input Clock pin 
receives the serial data clock, and the 
Left/Right Clock pin defines the 
channel and d::.ta delineation (see the 
figure again). In formats 0, 1, and 2, 
the Left/Right Clock signal is high 
for the left channel and low for the 
right channel. The reverse is true for 
format 3. A 2-bit word on the Digital 
Input Format 0 and 1 pins selects the 
type of format desired. 

The DAC's master clock signal 
comes in on the External Clock Input 
pin. Alternatively, a crystal may be 
connected between the External 
Clock Input and External Clock Out
put pins. 

The master clock, whose frequen
cy is a function of the desired input 
word rate and the Clock-Speed Select 
signal, runs the interpolation filters 
and delta-sigma modulators. By set
ting the Clock-Speed Select line low, 
an External Clock Input frequency is 
chosen that's 256 times the input 
word rate. Setting it high produces 
E S I G N 

an External Clock Input signal that's 
384 times the input word rate. 

The Analog Clock Output signal 
frequency, which clocks the 
switched-capacitor smoothing filter, 
is always 128 times the input word 
rate. For example, if the Left/Right 
Clock signal is 44.1 kHz and the 
Clock-Speed Select signal is low, the 
External Clock Input signal should 
be 11.2896 MHz and the Analog 
Clock Output signal will be 5.6448 
MHz. If the Clock-Speed Select sig
nal is high, XTI should be 16.9344 
MHz butXTI is still 5.6448 MHz.D 

PRICE AND A VAILABILTY 
The CS4328 18-bit dual stereo DAG in a 28-
pin plasticSOIC goesfor$35 each in quan
tities of JOO. Its identical twin in a 28-pin 
plastic DIP goes for $30 each in the same 
quantities. 

Crystal Semiconductor Corp., P.O. Box 
17847, Austin, TX 78760; Brad Fluke, (512) 
445-7222. CIRCLE 512 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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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 util ize our high frequency, high 
power-density converters to quickly configure a FlatPAC or ComPAC specific to 
your needs. 
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1,2.a3 
2k>95\{X) 

Up to 00) wat1s 
1.37" 

FCC Pat 15, Class A 
vtE 0071, Class A 
EEE Std 587 -199J 

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 

ClllllllC"' 
DCi.it 
24, 28, 48, 270, :rxJ\{X) 
1, 2,o-3 
2to95\0'.: 

1' 
Belkx:re (24148 VJ 
EfitS1 Teleccrn (24148 V) 
~ OassA(l:XJ V) 
tvl.·STD-461 c (281270 V) 
t.1.-STD· 704A 

CIRCLE 140 

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 IE3CPREJ!T for a free ruler 
at 1-800-735-6200 or 508-470-2900 at ext. 265 

, Component Solutions For Your Power System 
- 23 Frontage Road, Andover, MA01810 

VIGOR 

Common Stock Traded oo NASCWJ under •v1cR• 



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

I 
fyour ASIC vendor's l.Oµm 

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 trne 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- and JED EC metric pack

ages, including QFP and PGA. 

Our automatic test vector 

generation (AlVG) capability 

using scan macros allows you to 

achieve greater than 95% fault 

coverage. And it's easy to design 

with Oki ASICs. 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. 

Transformi1ig technology into customer solutions 



Shrink for So Long 

O.Bµm Oki ASIC Product Family 

Esti-
mated No. 
Usable of Package Types 
Core 110 ----------

Family' Gates• Pads PLCC QFP PGA 

MSM10S01XX 4K 100 68, 84 60to100 88to108 

MSM10S03XX 12K 160 68 , 84 80to144 88to132 

MSM10S05XX 22K 208 120to 208 108 to 208 

MSM10S09XX 36K 272 144 to 272 ' 108 to 256 

MSM10S11XX 47K 304 144 to 304 ' 132 to 301 

MSM10S18XX 72K 384 144 to 304' 208 to 340 

MSM1 OS23XX 92K 424 144 to 304' 240to 340 

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

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 trademark of Mentor Graphics Corporation. 
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On the following pages, Electronic Design presents 
an overview on Advanced Computer Technology as 
seen by experts in six key areas: Massively Parallel 
Systems, Parallel Compilers, Real-Time Operating 
Systems, RISC Processor Systems, High-Speed Log
ic, and Multichip Packaging. The six articles exam
ine present and future aspects of these major tech
nology disciplines. 

On the horizon: 
massive parallelism 

BY JUSTIN RATTNER 
Director of Technology, Scientific Computers Div., Intel Corp., Hillsboro, Ore. 

Innovations in massively parallel 
systems may well produce a tera
FLOPS (a trillion FLOPS) system 

by 1995. Characterized by multiple 
processors with physically distribut
ed memory, such "convergent" sys
tems will evolve from today's paral
lel systems with their flow-of-control 
and memory-management models. 

There's general agreement that 
today's bus-based, shared-memory 
systems, regardless of how many 
processors they use, are limited in 
practical scalability by memory-con
tention, bus bandwidth, and cache 
complexity. They can be considered 
small-scale parallel (SSP) systems. 

Massively parallel (MP) systems 
with physically distributed memory 
evade most scalability limitations. 
Each microcomputer contains a local 
memory and communicates with oth
er processors through an expand
able interconnection network. MP 
systems can scale up to hundreds or 
even thousands of processors. 

Today's MP systems are either 
multiple-instruction multiple-data 
(MIMD) or single-instruction, multi
ple-data (SIMD) machines. In MIMD 
machines (for example, Intel's iPSC/ 
860 and NCube's N-2), each proces
sor executes its own program in con
cert with other connected proces
sors. Each processor has its own 
memory with different data. In con
trast, SIMD machines (like those of 
Thinking Machines and Active Mem-
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ory Technologies) execute one pro
gram on all processors at the same 
time, although each processor's local 
memory has different data. 

Within the next decade, elements 
of SIMD and MIMD systems will 
converge. With software support, 
MIMD machines can appear as 
SIMD machines. At NASA-Ames, 
it's already done explicitly for MIMD 
machines that run in an "SPMD" 
mode. A copy of the same program 
runs on each processor, even though 
the programs aren't synchronized at 
the instruction level. 

Research on SPMD programming 
automation is being done by Profes
sor Michael Quinn at Oregon State 
University and Professor Phillip 
Hatcher of the University of New 
Hampshire. Their C* compiler trans
lates a SIMD program into the equiv
alent program for a MIMD machine 
with either distributed or shared 
memory. The compiler makes nu
merous optimizations that let the 
MIMD machines execute an identical 
program as efficiently as SIMD. 

Hardware features of both types 
of MP systems are also likely to con
verge. In Intel's Touchstone Project 
(a Darpa-sponsored research effort), 
the company is working with the 
University of North Carolina to put 
UNC's Pixel-Planes parallel graph
ics into an advanced MP system. The 
rendering processors are based on a 
SIMD architecture. But the overall 
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Touchstone system for the computa
tionally intensive " Grand Chal
lenges" of science (quantum chrono
dynamics, human genome studies, 
global climate change, etc.), is an ad
vanced MIMD architecture. 

Shared and distributed memory 
architectures will also probably con
verge. In the Spang Robinson Re
port on Supercomputing and Parallel 
Processing, Rice University Profes
sor Ken Kennedy stated that the par
adigm for all computing will ulti
mately be distributed memory, but 
that programming will be on a 
shared-memory model. 

Shared memory is emulated effi
ciently with the stock i386 MMUs in 
the processors of Intel's iPSC/2-a 
large-scale parallel machine with dis
tributed memory. Pioneered by Pro
fessor Kai Li of Princeton Universi
ty, the technique is known as distrib
uted or shared virtual memory. Re
search will determine whether such 
an OS-based technique can compete 
with true shared-memory hardware. 

Newer shared-memory hardware 
approaches show ways in which 
shared-memory, multiprocessor 
clusters will be included in MP sys
tems. Many clusters with hardware 
assists for cache- or page-based 
memory coherency techniques will 
create a larger, physically distribut
ed memory organization. As compo
nent packaging gets denser, today's 
"cluster" will be reduced to one 
board with four to eight processors 
having locally shared memory. 

What's now on a motherboard or 
backplane will be on a substrate 
called a multichip module (MCM). Lo
cal memories will grow denser, with 
commodity 16- to 64-Mbyte dynamic 
RAMs becoming the norm. 

The future of massively parallel 
systems hinges on continued devel
opments in microprocessor-based 
systems, and will be driven by ad
vances in microprocessors, intercon
nects schemes, memory manage
ment, and software. 

At the microprocessor level, chip 
performance will double every two 
years. By the year 2000, Intel pro
jects a 50- to 100-million transistor 
chip with four 750-MIPS, 250-MHz, 
1000-MFLOPS CPUs sharing a mul
timegabyte secondary cache. The 
number of integer units per proces-



Toroidal cell array 

Up to 20,480 MFLOPs peak 
performance 

Up to 160-Mbyte/s 1/0 rate per 
loopback 

-

Cell structure 

Processor chip 
with integrated 
communication 

Local memory array 

160 Mbytes/s 

40 Mbytes out 

40 Mbytes in 

320-Mbyte sustainable com
munication bandwidth/cell 

I THE iWARP PROJECT FROM INTEL is an example of an enhanced microprocessor for large-scale computing. Configured in a 
two-dimensional, toriodal mesh, iWarp cells deliver data in a full-duplex mode at 40 Mbytes/s, and in four directions simultaneously. 

sor will rise to three or four. At least 
two pipelined floating-point units 
per processor are expected, allowing 
for two 64-bit multiplications and 
two 64-bit additions in a clock cycle. 

Future microprocessors will be en
hanced for massively parallel sys
tems. An Intel-Darpa research pro
ject, iWARP, offers a glimpse of this 
trend. Based on the WARP architec
ture pioneered by H.T. Kung of Car
negie-Mellon University, the project 
developed component, board, and 
system prototypes optimized for sig
nal and image processing. These ap
plications are characterized by a 
high volume of fine-grain computa
tions-1 to 100--on adata element. 

At the heart of an iWARP is an ex
perimental microprocessor. The 
iWARP chip, plus 18 static RAMs, 
makes up a complete processing 
node, or cell, for a MIMD MP system. 
iWARP has extended typical integer 
and floating-point instructions. 
Operands can thus flow directly 
from the processor's high-speed in
terprocessor communication chan
nels (see the illustration). 

The iWARP processor is the proto- performance monitors, as well as 
type building block for the parallel- programming environments like 
processing desktop and laptop com- Linda and Strand, which were only 
puters expected in the second half of recently commercially available. 
the decade. Such heterogeneous sys- Although automatic parallelizing 
terns will contain a mix of proces- compilers seem to be years away, im
sors, each processor optimized for a portant CASE tools, such as the 
specific application, with a common MIMDizer from Pacific Sierra, offer 
hardware and software communica- programmers an interactive envi
tion system. These systems' modu- ronment to develop parallel code. 
larity will enable users to configure, There is evidence that parallel pro
reconfigure, or expand by plugging cessing is building the infrastruc
standard modules into a standard, ture it needs for support. In the 
high-speed interconnect network. Spang Robinson report cited earlier, 

More powerful processors will re- Professor Ted Lewis of Oregon 
quire networks to tie them together. State University stated that "nearly 
Electronic interconnects will move to every grant proposal for the Nation
electro-optical and entirely optical al Science Foundation last year in
networks with interprocessor rates eluded a request for funds to acquire 
of at least 1 Gbyte/s. a parallel-processing system." 

The bases for the aforementioned Recently, Japan's Ministry for In-
underlying technologies are already ternational Trade and Industry 
in place. The most difficult area will (MITI) announced a five-year pro
be software development. gram to put Japan at the forefront of 

Over the next five years , distribut- software for massively parallel sys
ed memory systems will benefit terns. Within the next five years, 
from sophisticated software tools such systems will prove that super
specific to parallel-program develop- computing is the destiny of the mi
ment. These include profilers and croprocessor.D 
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The IBM RISC System/ 
Designing on any other workstation 

Whatever you're creating, you'll sail 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. Suddenly, 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:" 
And 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 RJSC System/6000 and CAEDS are trademarks of International Business Machines Corporation. CADAM is a trademark of CADAM INC. CATIA is a 
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6000™ family. 
will seem downright primitive. 

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

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 marketin g 
representative or 
Business Partner to 
find out more about 
the RISC System/6000 
family. For literature, 
call I 800 IBM-6676, 
ext. 991. 

For the Power Seeker. 

---- - @ ----- ----- - -- -. ------ - ------- --_ _.._,_ 
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There Are Two Ways to Do DSP! 

The Hard Way 
• Time consuming 
• Incompatibilities due 

to multiple vendors 
• Unclear path from 

prototype to 
production 

• Steep learning curve 
for software and 
hardware 

• Uncertain results
room for doubt? 

The Easy Way 
• Easy-to-use, fully 

integrated system 
• Single vendor source 
• Smooth transition from 

prototype to 
production 

• Worries about DSP and 
analog 1/0 are 
removed-attention 
can be concentrated 
on solving the problem 

• Clear results-you 
know when your 
design works! 
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For an easier way to do 
DSP, consider our way: an 
integrated group of DSP 
products based on the 
AT&T® DSP32C floating 
point processor, Burr-Brown's 
high performance ND 
converters, and our DSP 
development and 
analysis software. 
And, for those really 
tough problems, ask us 
about our application 
engineering services. 
For complete details, 
write 
Burr-Brown Corp. 
P.O. Box 11400 
Tucson, Al 85734. Or, call 
toll-free 1-800-548-6132. 

BURR-BROWN® 

E3E3 
Signal Processing Solutions 
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Parallel compilers: the kev to 
90s sonware performance 

BY ANDREW F. HALFORD 
Vice President of Software Development, Alliant Computer Systems Corp., Littleton, Mass. 

Emerging computer architectures 
present numerous challenges to 
software developers as they 

move applications toward higher
performance systems. For example, 
parallel-processing architectures 
are being adopted to boost system 
performance, and RISC processors 
are speeding instruction execution 
at the chip level. Consequently, par
allel compilers are challenged by in
creased complexity at both the sys
tem and chip level. 

Basically, parallel compilers exe
cute instructions faster by interpret
ing existing code, detecting opportu
nities for parallelism, and automati
cally generating code that can be 
spread over multiple processors. To
day's parallel compilers layer paral
lelizing technology on top of the 
global optimization developed in the 
1970s, and the vectorization perfect
ed in the 1980s, to increase system 
performance. 

Shared-memory, bus-based archi
tectures using CISC chips with vec
torization can be accommodated effi
ciently by today's leading-edge par
allel compilers. But the trend toward 
basing the highest-performance sys
tems on RISC chips, and the charac
teristics of RISC architectures, pre
sent challenges to compiler writers. 

To start, it's more difficult to gen
erate efficient code for RISC's small
er instruction set than for CISC de
signs. As a result, more intelligent 
compilers are required. Beyond that, 
vectorization, pipeline management, 
instruction scheduling, and data mi
gration will be critical compiler con
cerns over the next few years. Com
pilers must incorporate vector tech
nology to exploit the superscalar and 
super-pipelined attributes of RISC 
chips, and to smooth the execution of 
multiple instructions at the same 
time. Pipeline management is impor
tant because each missed cycle de
grades performance. 

Dealing with data dependencies is is important because each new RISC 
also more challenging in RISC archi- chip is different. This challenges 
tectures. With traditional architec- compiler writers to implement vec
tures, the compiler's major problem torization in a new way while main
is to find data dependencies within taining the paradigm of vectors. 
DO loops. The superscalar, super- Other obstacles must be overcome 
pipelined attributes of RISC archi- at the loop level. Cross-iteration 
tectures introduce large numbers of scheduling-the need to schedule an 
varying data dependencies. instruction across more than one it-

To recognize and eliminate these eration of a loop-must be intro
data dependencies, next-generation duced to reduce pipeline stalls. Trace 
compilers must consider timing vari- scheduling is required to fill and 
ations encountered with hierarchical drain the pipeline properly. In addi
memory systems. Data migration is tion, sophisticated cache blocking 
essential because the RISC architec- and data-migration management is 
ture may incorporate a cache hierar- needed to handle hierarchical memo
chy, and the system may implement ry system considerations, such as on
both on- and off-chip memory. chip cache, second-level cache, and 

To control data migration in a hier- physical memory. 
archical-memory system, the compil- New code-generation mode-selec
er must block the code to take full tion capabilities (for example, when 
advantage of the on-chip cache. To floating-point loads superior to pipe
obtain top performance, the compil- lined floating-point loads exist
er must keep data and instructions largely a question of cacheability) 
within the pipeline, in on-chip regis- must be supplied. RISC vectoriza
ters, or in on-chip cache. tion requires zero-stall pipelined op-

Timing issues encountered in hier- erations to maximize in-line vector
archical-memory systems, along code generation (using the chip's su
with the need for nanosecond in- perscalar/super-pipelined features), 
struction-execution times, compli- and on-chip cache management. 
cate the compiler's job of generating When there are more than 10 pro
correct code. Tomorrow's parallel cessors per system, compilers must 
compiler must recognize and deal find additional opportunities for par
with timing differences when data is allelism. Only when compilers mas
located in different levels of the ter the complexity of task-level par
memory hierarchy. It must also re- allelism-decomposing and paralle
solve timing variations caused by lizing code across the components of 
different interconnect speeds be- an entire program-will optimum 
tween processor and external chips. performance be gained from apply-

Parallel compilers must support ing large numbers of processors to 
concurrency at various levels: in- an application. Finding and exploit
struction, loop, and task. At the in- ing task-level parallelism is the next 
struction level, an accurate machine challenge for parallel compilers. 
model, software management of Compilers incorporating interpro
pipelines, and improved instruction cedural-analysis technology (now in 
scheduling and register allocation its infancy) will be essential to 
must be provided. Improvements achieve task-level parallelization. To 
must also be made in cache- manage- perform interprocedural analysis, 
ment facilities. Alliant's compilers the compiler must generate and re
are the first to offer loop-level paral- tain information about the entire 
lelism and RISC vectorization, which program so that it can make associa-
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•PARALLEL COMPILERS• 
tions between statements in differ
ent compilation units. These associa
tions are needed by the compiler to 
find data dependencies and other ob
stacles to parallelism. The greatly 
expanded scope of the analysis re
sults in huge symbol tables and im
mediate representations . Conse
quently, .managing all of that data 
becomes extremely complex. 

To cope with that complexity, com
pilers will be required to build a 
knowledge base from the informa
tion they acquire. The size of this 
knowledge base will call for the com
pilers to use artificial intelligence 
techniques to form associations be
tween statements in different compi
lation units, optimize the code to min
imize data migration that may result 
from using cache or memory hierar
chies, and handle different intercon
nect speeds. 

In summary, most compiler work 
is generated by the nature of new 

RISC chips, the limited scalability 
and hierarchical nature of memory 
systems, and increasing parallelism 
mixed with the continued impor
tance of converting traditional sca
lar languages automatically to run 
concurrently. 

As the industry looks to the year 
2000, changes will include new archi
tectures, languages, and design 
tools. New computer architectures 
will no longer be driven by chip de
sign but by the rate of progress in 
compiler design. Such architectures 
as the hypercubes and distributed 
parallel systems being researched 
today will push compilers in new di
rections, but will remain limited in 
appeal in the 1990s. · 

Further challenges arise in con
verting existing serial language de
signs to take advantage of parallel 
architectures. New languages are 
crucial and will be used when devel
oping new applications, but existing 

Fortran and C applications won't be 
replaced. Even mainstream ANSI ef
forts to develop standardized lan
guages, including C++ and Concur
rent C, won't compete with Fortran 
or C in the 1990s. 

Instead, industry-backed applica
tion-binary-interface (ABI) efforts 
centered around new microproces
sors will move faster and gain quick
er acceptance because of economic 
realities. Moreover, compilers must 
adapt to emerging, de facto stan
dards, such as PAX and the Intel 860 
ABI for technical computing. 

As the scope of compilers expands 
and system complexity increases, 
compilers also must offer tools to 
help programmers understand the 
software architecture. Chip design
ers have profited from design tools 
and methodologies, but comparable 
software tools don't exist. 

Compiler people remain stuck us
ing CASE tools that are inadequate 

~-----------------------------~ for system software development. 

Rack Mount 
TEMPEST PC 

T 
7" 

1 
RMPC is IDEAS' family of highly reliable, rack mount 
TEMPEST PCs. It accommodates various motherboards, 
including INTEL® 's 33 MHz System 303 and 25 MHz 
System 120, and matched high-performance peripherals. 
Up to 10 full-size, AT card slots are available to tailor the 
RM PC's power to any application. 

The RMPC family of TEMPEST personal computers 
combines high performance with enhanced functionality 
in a small footprint. All RMPC products are designed to 
use only 7 inches of standard 19 inches rack space. 

Quality constructed of cold rolled steel , the chassis is 
designed for flexible system configuration. The TEMPEST 
gasketed front door allows easy access to the six half
height slots which can house removable drives. 

For more information on IDEAS, the RMPC family, or 
other quality products available, call Bill Howard at 
(301) 312-2060. 

----------------~~ 
IDEAS Inc .• 7120 Co lumbia Gateway Dr .• Columbia, MD 21046 (301) 312·2000 
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Meanwhile, parallel systems have 
made it even more essential for soft
ware developers to have a thorough 
understanding of the software archi
tecture. This knowledge of the archi
tecture is especially critical with 
RISC chips, for which compilers 
must rewrite existing code. 

Compiler-generated code that 
takes advantage of task-level paral
lelism will bear little resemblance to 
the sequential code it was derived 
from. Thus, it will be difficult to sim
ply understand what the code is do
ing. Consequently, compilers will 
need to provide tools that enable pro
grammers to use the hardware and 
to better understand the code. 

New design tools must supply 
graphical representations to elimi
nate the human difficulties in com
prehending volumes of data. Design 
tools must tightly couple architec
ture representation with both exe
cutable and source code, not just 
source code. The tools also must ac
commodate performance and sys
tem-architecture factors . The only 
way to guarantee that the execut
able file, which results from compila
tion, will reflect the initial design in
tentions is if the CASE tools are logi
cally connected to the compiler.D 



For the first time! 
DC-DC converters that really 

checkout. 

Insist on Interpoint. 
It's official! The first high-density, low-profile, thick-film 
hybrid DC-DC converters that let you check off all the 
Mll:STD-883C, Method 5008, Class B requirements. 

Work on your design, not the exceptions list. If you've 
ever had to justify a non-compliant part for a Mll:STD-883 
design, you know about red tape. Now you can forget it. 
lnterpoint's new MHF/883 DC-DC converters are fully 
compliant to MIL-STD-883C. No exceptions. No waivers. 
No apologies. 

Premium performance. MHF/883 converters offer 
up to 12-watts output power, 84% efficiency, a 16 to .-.aw~ 
40 Vdc input range, single and dual outputs, 
constant frequency switching, and 10 mV 
typical output regulation. And they're 
small enough (1.5x1.1 x 0.36 inches) 
to leave plenty of room for the rest 
of your design. 

More to come. The MHF/883 converters are the first 
in a series of compliant power products from lnterpoint
the worldwide leader in high-reliability DC-DC converters 
and EMI filters. 

Order our Prototyping Kit and see for yourself. You'll 
get a low-cost converter electrically equivalent to the 
compliant MHF/883-it's perfect for prototypes or design 
evaluation. Plus: our FREE Guide to Designing Distributed 
Power Systems, complete performance specifications and 
an MTBF Analysis Booklet. Call now: 1-800-822-8782, 
ext. 229. In Europe: 44-276-26832. 

interpoint 
MIL-STD-1772 QUALIFIED 

10301 Willows Road P 0. Box 97005 
Redmond, WA 98073-9705 
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Advances in real-time 
operating svstem technology 

By J AMES READY AND DAV ID KALINSKY 
Executive Vice President; Software Engineering Technologies Director, Ready Systems Corp., Sunyvale, Calif. 

C hanges in the next generation task may be stopped or preempted in 
of real-time operating system mid-execution if a higher-priority 
kernels will be driven by modifi- task is ready to run. 

cations in engineering economics re- In the VRTX/OS, the kernel per
sulting from semiconductor ad- forms task management, intertask 
vances. Microprocessors are becom- communication, and synchroniza
ing smaller and higher in perfor- tion. Involved in synchronization is 
mance as their prices drop rapidly. mutual exclusion, memory alloca
These trends will enable real-time tion, interrupt servicing, and basic 
operating-system kernel developers clock and character input/ output 
to increase the complexity and fea- services. The kernel is application-in
tures in a kernel, such as networking dependent and target-board-inde
s upport, without degrading re- pendent. VRTX32 has deterministic 
sponse times of kernel services. response-the time consumed by 

Neither 'fast' nor 'fast enough' each kernel operation is known 
pertain to real time when meeting through a simple algebraic formula. 
application time constraints in re- Although the operating-system 
sponse to an event. What real time kernel technology is important, the 
refers to is an operating system that development environment is just as 
must meet rigid time deadlines and critical. As more workstations be
must respond to stimuli or physical come networked into distributed sys
events within a critical timeframe. terns, a real-time system is treated as 
An airplane must respond to the another node on the network for de
stimulus from the pilot's control velopment and production. Hence, 
stick within a specified timeframe to real-time kernels now assume the 
avoid a collision. Too late or too early role of mini-operating systems. 
responses in a real-time system are Developers of real-time software 
as incorrect as numeric errors. must be aware of the intimate rela-

Emphasis will thus be placed on tionships between the run-time ker
determinism or consistency of re- nel and the real-time application. 
sponse time, rather than on efforts These interrelationships include 
to increase raw speed as seen in the meeting system deadlines, exhibit
past decade. This is a significant ing predictable deterministic perfor
change that offers an opportunity to mance, providing for task schedul
truly address the "timeliness" of ing, and minimizing interrupt off 
real-time program correctness. time and interrupt response latency. 

Many kernels, such as the Today's kernels must have higher-
VRTX32 of Ready Systems' popular performance resource-management 
VRTX/OS real-time operating sys- and networking services. Incorpo
tem, are based on a paradigm of run- rating such standard networking 
time priority-based preemption: protocols as TCP/IP, RPC/XDR, 
Each application task (or thread of TELNET, and NFS into the real-time 
concurrency) is assigned a priority, operating system is essential to 
which changes only by explicit as- match increasing market demands. 
signment. Should an event occur With the advent of new processors 
during application-software execu- and programming languages, porta
tion that requires certain tasks to be bility of real-time applications will in
s topped, the kernel will re-evaluate crease in importance. New proces
the situation and schedule for the im- sors, such as RISCs, boost the 
mediate execution of the highest-pri- throughput and performance of em
ority task that's ready. An executing bedded computer systems. As a re
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sult, it's crucial that application de
velopers are given a simple migra
tion path between processors of vari
ous technologies. 

For example, operating-system 
kernels should use a standard BIOS 
interface to ease portability between 
target processors. To address this 
critical issue, a standard OBIOS 
(Open Basic Input Output System) 
committee has been formed by the 
leading board and real-time operat
ing system manufacturers to arrive 
at a standard interface between tar
get hardware and real-time operat
ing systems. The committee, which 
is open for participation by anyone, 
is expected to produce a draft stan
dard by the end of this year. 

Next-generation kernels must 
also support multiple programming 
languages. The same repertoire of 
intertask communication and syn
chronization mechanisms should be 
available to code segments written in 
various languages. A task coded in C 
should be able to call for a rendez
vous with another task coded in Ada. 
Similarly, an Ada task should be able 
to pass information via a high-per
formance queue to another task in 
assembly language. 

Debuggers will be made available 
to access all of these target proces
sors and coding languages uniform
ly. The result will be ease of operat
ing-system development in an ex
ceedingly varied environment. 

The necessary hardware and lan
guage building blocks will also be 
combined in future real-time and em
bedded system applications. Com
puting requirements will outstrip 
even the increased power of next
genera tion processors. Therefore, 
multiple processors will be needed to 
execute one application. 

Individual processors may have 
special needs so that applications 
will run on a heterogeneous collec
tion of hardware. Software tasks 



running on the various processors 
will need to communicate with each 
other. Thus, processors will be 
networked or tightly coupled around 
shared memory and common buses. 

Next-generation kernels will deal 
with this multiplicity and heteroge
neity in a way that's transparent to 
the software developer. Tasks writ
ten in different languages running 
on different platforms will have ac
cess to the same operating-system 
services and to the same repertoire 
of intertask communication and syn
chronization mechanisms. 

Development and debugging will 
proceed without concern about pro
cessor boundaries and hardware in
terconnections. Developers will con
centrate only on their application 
tasks and the information-passing 
mechanisms that tie them together. 

There are cases of so-called "prior
ity inversion" in present-day operat
ing-system kernels and run-time sys
tems. An example can be found in the 
Ada rendezvous mechanism in a situ
ation where a high-priority and a me
dium-priority task compete to ren
dezvous with a low-priority task. 
Once a rendezvous is achieved, the 
medium-priority task will execute. 
On the other hand, the high-priority 
task's requests will be put into a 
queue until the medium-priority task 
is completed. Future operating sys
tems will detect such priority inver
sions, known as priority inheritance, 
and will appropriately elevate the 
blocking activity's priority. 

Tightly-coupled multiprocessing 
can occur on one computer board 
that contains multiple microproces
sors, each with its own memory as 
well as a central global memory. Al
ternatively, multiple boards may be 
tightly coupled through a backplane. 

Loosely coupled distributed pro
cessing can occur between nodes of 
single microprocessors or tightly 
coupled multiprocessors linked into 
a communication network. Deter
minism is the key to loosely coupled 
distributed real-time systems in in
ternode communications, particular
ly in the presence of faults. 

Load balancing, or shifting of 
tasks from node to node, is pivotal in 
scheduling tasks in a multiprocess-
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ing/distributed system. Future real
time operating system kernels will 
have load balancing features to en
sure that deadlines are met. 

In summary, future real-time op
erating systems must deliver the in
creased performance, determinism, 

and reliability demanded in complex 
distributed systems. Developers 
must provide operating systems that 
support multiple programming lan
guages and target processors, and 
heterogeneous computer systems, 
transparently to users.D 

Automatic PCB Routing Where The Design 
Engineer Remains In Control 

MAXROUTE 
MAXROUTE™ provides the high performance, efficient 

autorouting capabilities you desire-and keeps you in 
control. MAXROUTE works the way you do-routing the 
most difficult areas first , making intelligent routing deci
sions, and shoving aside existing etch to create space 
where needed. You get the best routing plus it's easy to 
implement ECOs without re-starting the design. 

MAXROUTE's interactive capabilities allow you to stop 
the autorouting process at any point and steer your own 
routes . You remain in complete control and still benefit 
from powerful shove, jump, retry, sweep and manual 
routing algorithms. 

MAXROUTE works with popular PC-based design soft
ware , including P-CAD , Racal-Redac, PADS-PCB ", Calay, 
Tango, and more. Call us today for a demonstration disk 
and information about MAXROUTE MASSTECK '" 
training: (508)486-0197. 

11
,,,,,,.... 

PO. Box 1130 Littleton , MA 01460 (508)486-0197 FAX(508)486-1084 
MAXROUTE and MASSTECK are trademarks of Massteck Ltd . All other trademarks are 

properties of their respective companies. 
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me newest~ 
through spice-time. 

The AMP Z-Pack Interconnec
tion System is a scalable, 
high-density board-to-board/ 
cable-to-board system for 
nanosecond and subnanosecond 
applications, in 2 mm and 
.100" grid sizes to accommo
date global packaging 
requirements. 

The fastest members use 
stripline technology, introduc-

High-temp materials 
for SMT compatibility. 

Twin-beam recep
tacles, 2 mm wipe. 

Sequenced mating 
up to four levels. 

2 mm versions 
accommodate two 
traces between lands. 

Stripline versions · 
isolate pin columns 
for SO ohm interface. 

Reliable compliant
pin versions available. 

ing reference planes between 
pin columns to retain maxi
mum pin counts in a con
trolled impedance interface. 

The design advantages are 
immediate: Z-Pack .100" strip
line connectors accommodate 
250 ps edge rates with no sac
rifice in signal density: four 
rows = 40 lines per inch. 



Spice: 40 lines/inch. 
lune: 250ps. 

2 mm stripline versions 
(500 ps) require just one pin 
row for reference, and open 
pin field versions in both cen
terlines handle 1.8 ns rise
times with a 3:1 signal/ground 
ratio. Standard spacing min
imizes board redesign, and 
system modules stack end-to
end with no loss of signal posi-

tions, offering true form/per
formance scalability in 
Futurebus-like applications. 

For more information on 
the Z-Pack Interconnection 
System, call our Product 
Information Center at 
1-800-522-6752. AMP Incor
porated, Harrisburg, PA 
17105-3608. 

For advanced 
design and 
manufacturing of 
complete charac
terized multilayer 
backplane sys
tems, contact 
AMP Packaging 
Systems, Inc., 
P. 0. Box 9044, 
Austin, Texas 
78766, (512) 244-
5100. 

THIS IS AMP 70DAY. ANIP 
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The role of RISC in advanced 
computer design 

BY DAV ID R. DITZEL 
Director of Advanced Development, Sun Microsystems Inc., Mountain View, Calif. 

A decade has passed since the 
RISC (reduced-instruction-set 
computer) versus CISC (com

plex-instruction-set computer) de
bate began. But only in the last few 
years has RISC emerged as the pro
cessor architecture of choice for 
computers with improved perfor
mance at a reasonable price. This 
change has been driven by the com
mercial availability of RISC chips, 
such as Sun's Spare, t he MIPS 
R3000, and the Motorola 88000. 

Whether RISC is better than CISC 
is no longer debated: RISC is here to 
stay and its success will lead to the 
decline of most CISC architectures. 
RISC's simplicity has allowed it to be 
non-proprietary, encouraging the 
development of such RISC processor 
families as Spare. The competition 
fostered by multiple implementa
tions is, in turn, accelerating new ar
chitectural techniques like supersca
lar execution, in which more than one 
instruction is executed for each clock 
cycle. 

Newer semiconductor technolo
gies, such as ECL and GaAs, will be 
used with RISC first because it re
quires fewer gates than CISC archi
tectures. Multiprocessor systems 
will be driven to use RISC to achieve 
ultimate performance because each 
RISC processor will be far more pow
erful than the corresponding CISC 
available at the time. Finally, be
cause RISC was designed to work 
with compilers, there will be a trend 
in which the best compilers will be 
developed for RISC processors. 

Today's leading RISC architec
tures have some basic similarities. 
For arithmetic and logical opera
tions, all RISCs address 32 32-bit in
teger regjsters at one t ime. All have 
32-bit-long fixed-length instructions 
and use 32-bit pointers for a 4-Gbyte 
virtual-address space. And all RISCs 
use byte addressing of memory and 
a simple load/store memory model. 
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While most RISCs have delayed 
branch schemes , Sparc's delayed 
branch instruction can also be "an
nulled," meaning that the instruc
tion will be canceled under certain 
conditions. Annulled branches 
greatly improve the compiler's abili
ty to schedule instructions. They 
also avoid the excessively high num
ber of no-op commands that other 
RISC architectures often execute. 
Sparc's register windows are also a 
superset of the final general register 
model. 

Regardless of instruction 
schemes, six key technologies are 
critical to the future evolution of ad
vanced computer design: open imple
mentations, new architecture, and 
semiconductor technologies pin-out 
standards, multiprocessing, and 
compilers. 

OPEN IMPLEMENTATION 
Spare isn't just an implementa

tion, but an open architecture defini
tion. By enabling many companies to 
have their own design approach, 
Spare lets each design team add inno
vation, accelerating the improve
ment rate in microprocessor design. 
This strategy of an open architec
ture fosters a wider variety of Spare 
CPUs, giving microprocessor users 
more choices as well as second
source alternatives. 

CISC architectures have typically 
needed 10 or more clock cycles to ex
ecute every instruction. Most RISC 
processors have come close to exe
cuting one instruction every clock 
cycle-the next generation of RISC 
processors will execute more than 
one instruction per clock cycle. This 
mu 1 tip le-instruction-per-clock 
scheme is known as "superscalar" 
execution. 

IBM Corp., for example, uses su
perscalar execution in its RISC Sys
tem/ 6000 workstation, which em
ploys a new CPU architecture. The 

DESIGN 

RS6000/ 320 achieves 24 MIPS at 20 
MHz in a design that's could theoret
ically execute five instructions at a 
time. Floating-point performance in 
superscalar designs can also be im
pressive because loop overhead can 
be completely hidden. 

LSI Logic's Lightning Spare pro
cessor will also execute up to five in
structions per clock cycle for 80 
MIPS of sustainable performance. 
Cypress Semiconductor/ Ross Tech
nology is working on a superscalar 
Spare design called Pinnacle and 
Texas Instruments is working on a 
highly integrated biCMOS supersca
lar Spare design. 

Most RISC chips today are imple
mented in CMOS. In the last year, 
two single-chip ECL RISC proces
sors have appeared. These include 
the 80-MHz B5000 Spare processor 
from Bipolar Integrated Technology 
and a 60-MHz ECL R6000 proc,essor 
designed by MIPS Computer Sys
tems using the BIT process. GaAs 
and biCMOS RISC microprocessors 
should also appear in the next year or 
two. 

Microprocessor clock rates are de
termined primarily by the underly
ing technologies, all of which contin
ue to improve. Over the next two 
years, CMOS processors should op
erate at clock rates of 40 to 80 MHz, 
biCMOS chips at 50 to 100 MHz, ECL 
at 80 to 150 MHz, and GaAs at 150 to 
250MHz. 

PINOUT STANDARDS 
For years, perspnal-computer and 

workstation users have wished that 
each new generation of microproces
sors would be pin-compatible with 
the previous generation. This would 
make it possible for users to upgrade 
their computers simply by replacing 
the microprocessor. But even within 
a particular processor architecture 
controlled by one manufacturer, no 
two generations of chips have stayed 
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with a standard pin-out. 
Now, however, a common micro

processor pin-out standard is emerg
ing, and manufacturers are planning 
generations of processors that con
form to it. Several semiconductor 
manufacturers will design Spare 
processors to this standard. The 
common pin-out is a side effect of 
RISC architectures, specifically 
Spare, becoming an open standard. 
Called the Spare MBus, this pinout 
specification was designed with 
enough bandwidth to accommodate 
microprocessors for the next three 
to five years. 

The MBus uses a 64-bit transfer 
operating at a 40-MHz synchronous 
clock rate to achieve a bandwidth of 
320 Mbytes/ s. The 40-MHz clock rate 
was selected as the highest speed at 
which CMOS chips could operate 
with a bus of only a few inches on 
standard PC boards. In addition, the 
MB us protocols enable the processor 
to have its own internal cache or even 
a large second-level cache. Building 
multiprocessors with MBus-based 
microprocessors is simple because 
all of the cache-coherence logic is 
built into the MBus protocol and as
sociated microprocessor. Multiple 
chips need only be wired in parallel to 
build a multiprocessor. 

The Cypress/Ross Technology 
7C604 Spare cache controller/MMD 
and the LSI Logic L64815 Spare 
cache controller/MMD are the first 
chips to appear using the MBus. LSI 
Logic has announced that its next
generation Lightning Spare proces
sor will use the same MB us specifica
tion. Other Spare-chip implementa
tions are expected to follow the 
MBus standard as well. 

MULTIPROCESSING 
Because processor clock rates are 

limited at a particular time, other 
techniques must be used to exceed 
fundamental device scaling. The ap
proach that promises the most im
provement in processing power is 
the use of multiple processors in one 
system. 

Multiprocessor systems will be
come the norm rather than the ex
ception. Small numbers of proces
sors may be tied together directly us-

ing the MB us. Large numbers of pro
cessors (hundreds or thousands) 
must be tied together using more 
elaborate interconnection schemes. 
Most small-scale multiprocessors 
will use a shared-memory paradigm, 
but shared memory may not be ap
propriate for the largest multipro
cessor systems. 

COMPILERS 
Building the hardware for multi

processors will be easy, but building 
the software to make multiproces
sors applicable to most of today's 
programming problems will be ex
ceedingly difficult. It's relatively 
easy to have an operating system 
run a different process on each pro
cessor. But in order to run one task 
on multiple processors, the applica
tion program must be rewritten. 
Within the next three to five years, 
compiler technology will automati
cally decompose only a small frac
tion of today's programs to run over 
multiple processors. 

Advanced compilers are common
ly associated with RISC technology, 
although the reasons are often mis
understood. Processor architec
tures, such as Spare, were designed 
with optimizing compilers in mind. 
Spare features, including fixed
length instructions, large register 
sets, register windows, and delayed 
branches with annulling work well 
with modern compilers. 

CISC machines, on the other hand, 
often cripple the benefit of optimiz
ing compilers because of their too
small register sets, non-orthogonal 
instructions, bizarre addressing 
modes, and the inability to predict 
the time it will take to execute a se
ries of instructions. It's not that opti
mizing compilers are essential for 
RISC: They simply work much bet
ter with them. 

The future challenge for compiler 
writers will be to generate code that 
runs reasonably well on all imple
mentations of the same microproces
sor architecture. Superscalar pro
cessor architectures will run well 
with existing code, and optimizations 
for these processors generally won't 
hurt performance on today's RISC 
processors.O 

PICO's Ultra-Miniature 
Power Inductors are ideal for 
Noise, Spike and Power Fil
tering Applications in Power 
Supplies, DC-DC Converters 
and Switching Regulators. 

• QPL standards available 
MI L-T-27/356 

• Temperature range - 55°C to 
+ 130°C 

• All units are magnetically shielded 
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of MIL-T-27 (TF5S04ZZ) 
• Minimum possible size 
• Split windings 
• Inductance values to 20mH with 

DC currents to. 23 amps 
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"Everyone today is 
and digital an the same chip-but 
That's product not promises." 

HOW NATIONAL SEMICONDUCTOR 
IS HELPING YOU MAKE SYSTEM-PERFORMANCE 
BREAK1HROUGHS IN 1HE 1990s. 

Graham Bask erville, National 
Semiconductor's Vice President, 
Linear Product Development, and 

Charlie Carinall~ Vice Presi
dent, Integrated Systems Group, talk 
about the challenges of mixed 
analog+ digital technology. 

Breaking the 
ISDN logjam at the 

U interface. 
"This may be the most tech

nically complex integrated-analog
and-digital device ever designed. 
It's our1P3410 U-interface trans
ceiver for ISDN:' 

"It's the missing link that 
allows the twisted-pair telephone 

ASIC DIA Converter 

Custom linear AS/Cs 

network to carry simultaneous 
voice and high-speed data across 
the subscriber loop to the telco 
central office'.' 

"It's all CMOS, for high density, 
low power, and scalability- it's at 
l.2µm, but we're already planning 
a shrink to 0.8µm'.' 

''And we can control that shrink 
because we designed the die in 
modules, separating the analog and 
digital functions. We even gave 
them their own power and ground 
supply pins to isolate the noisy 
rail-to-rail switching of the digital 
from the sensitive circuits of 
the analog'.' 

"Over lOOK transistors with a 
single + SV supply, all in a 28-pin 
DIP that dissipates 300mW Nobody 
else has a solution this advanced'.' 

Super !/ 0 

AID Converter 

DIGITAL INTERFACE. 
FOOMATTING, 
MAINTENANCE 
CONTROL 

ACTIVATION 
CONTROlLER. 
FRAMING, 
SCRAMBLING 

ANALOO 

ANALOO 
CONTROL 

Setting a new 
standard in A-to-D 

conversion. 
"Our ADC1241 is another 

example of our unique strength 

LINE 
DRIVER 
AMP 

13-BIT 
AID 

XM/T 
PULSE 
GEN , 
FILTER 

in combining complex analog and 
digital functions on the same 
substrate'.' 

"It has an analog front end for 
data acquisition, but then we've 
implemented a powerful self-cali
bration function in digital. During 
each conversion, it performs a 
self-correction cycle, reducing non
linearity errors to less than ± Y.1 LSB'. ' 

"So we get 12-bit-plus-sign 
resolution with an accuracy that's 
guaranteed over the full mil temp 
range. Nobody else can do this'.' 

Hard Disk 
Synchronizer/ ENDEC 



-talking about integrating analog 
weVe been doing it for years. 

Pushing the limits of 
PC integration. 

"Here again, in our new Super 
1/0 chip, PC87310, we've integrated 
analog and digital to a level that's 
never been achieved before'.' 

"Industry-standard floppy-disk 
controller and UARTs, a parallel 
port, IDE hard-disk address 
decode, .. :' 

"With analog PLLs in the floppy 
controller for pulse detection and 
data separation'.' 

"All-digital is easier to build, 
but the performance suffers. And 
that's not a compromise we're 
willing to make'.' 

Meeting our customer 
demand for mixed 

analog+digital ASICs. 
"We call this CLASI C - Custom 

Llnear ASIC. We use standard-cell 
methodology and optimized pro
cess technologies to offer high
performance VLSI solutions com-

bining analog and digital functions'. ' 
"The CLASIC library right now 

has more than 500 analog cells and 
a good selection of digital building 
blocks'.' 

"But again, it's not just func
tions, it's processes. We can fab 
in the process best suited to your 
design- linear bipolar, linear 
CMOS, BiCMOS'.' 

"1tue customer focus:' 

continued next page 
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The challenge of integrating 
analog and digital functions 

onto the same chip. 
"The demand for mixed analog+ 

digital really is customer-driven. Our 
customers need to build systems 
with higher performance because 
their customers are demanding it. 
Because their applications need it'.' 

"And the way to achieve higher 
levels of performance is through 
higher levels of integration. Which, 
at the chip level, ultimately demands 
that analog and digital functions 
be pulled together onto the same 
substrate'.' 

"And this is like trying to merge 
two incompatible universes'.' 

"Digital's goal is smaller, faster, 
denser. The world turns on lith
ography It lives for the shrink'.' 

"Analog, on the other hand, is 
concerned with precision, linearity, 
dynamic range, bandwidth, phase 
shift, component matching, micro
voltage sensitivity And it simply 
can't tolerate the clanging rail-to-
rail switching noise of 
digital'. ' 

Meeting the challenge 
with world-class products. 

"Our U interface is a perfect 
example of how difficult this really 
is. ISDN is digital, but it has to 
operate over the existing telephone 
wiring using analog signals. And 

there's only one 
twisted pair. So your 
transmit and receive 
signals appear on the 
same terminals. You 
send 160Kbits/ sec 
digital pulses at 2.5V 
and it has to travel 
maybe three or four 
miles over the sub
scriber loop without 
repeaters or ampli
fiers. Over that dis
tance, you're getting 
up to 40dB attenua
tion, so it arrives at 
about 25 millivolts. 
So the problem is, 
how do you pick that 
signal out of all the 
noise and the local 
transmit signal, which 
is 100 times more powerful?" 

"You need low power, so if you 
tried to do it just with analog filters, 
it would be too complicated and 
too sensitive to process variations. 
But if you tried all-digital, it would 

be too complex to compensate 
for the limitations of the 
analog front end. So we com

bined analog filtering and a 13-
bit A-to-D converter onto a single 
chip with dedicated DSP." 

"The point is, we did it'. ' 

Meeting the challenge 
with world-class analog 

and digital designers. 
"Building something like the 

U-interface transceiver demands 
some of the most sophisticated 
design techniques in the world'. ' 

"And not only are the individual 
analog and digital functions diffi
cult to design, but then you have to 

integrate them onto the same chip'.' 
"So you need world-class 

digital designers, world-class analog 
designers, and strategic partners 
who know how to work together." 

"We've got them all. And they've 
been working on joint designs for 
many years'.' 

"That's how we do it:' 

Meeting the challenge 
with world-class process 

technologies. 
"Another problem for chip 

designers is that they are limited to 
the process technologies available 
to them'.' 



"But, because of our heritage 
in both analog and digital, we've 
developed probably the broadest 
range of process technologies 
of any company in the industry, 
including bipolar, CMOS, and 
Bi CMOS'.' 

"We employ a 'core-process' 
concept. We have six basic core 
flows, then we add modules for 
specific functions'.' 

"We can take our advanced 
M2CMOS core, for example, and 
add a bipolar module. Or a linear 
capacitor module. Or EEPROM. Or 
we can do a bipolar core with a 
CMOS module. Or we can go to 
BiCMOS. Or LFAST or IMCMOS or 
DMOS or JD MOS'.' 

"The key is, our designers have 
the freedom of selecting the best 
combination of processes for every 
analog and digital chip. The appli
cation drives the process choice. 
Not the other way around'.' 

Meeting the 
challenge with world-class 

design tools. 
"When you try to put analog 

and digital together, 
all the existing simu
lators, place-and
route CAD software, 
and behavioral 
models fall apart'. ' 

"So we've devel
oped our own. And 
we're working closely 
with one of the 
world's leading CAD
tools companies to 
create a universal, 
end-to-end design 
environment' 

CORE 
PROCESSES 

"But already our 
ASIC Division has 
used our DA4 tools to 
introduce significant 
new standard cells, 
some of which allow 
high-voltage outputs 
to be combined with 
+SY CMOS to 30,000 
gate densities'.' 

"So now, for ex
ample, you can put 
logic, RAM, ROM, or 
EEPROM on the same 
chip with D-to-A 
converters and high
voltage drivers'. ' 

"No one has ever 
done this before'.' 

"And it's only the 
beginning'.' 

Putting the 
pride of National 
to work for you. 

"The point is, our 
customers need 
mixed analog+ digital capabilities. 
And we can offer that to them 
today. We can integrate a complete 

CMOS 
EPROM 

BIPOLAR 
!ASPECT) 

system solution for them. Or we 
can work with them at a particular 
phase in their design. We have the 
right products, the right processes, 
the right tools, the right people. 
And we're putting all of it just a 
simple phone call away." 

1-800-NAT-SEMI, Ext. 301 

'?'A National 
~Semiconductor 

01990 NationaJ Semiconduoor Corporal.ion 

PC:/AT is a registered trademark of International Business 
Machines, Inc. !FAST is a registered trademark and ASPECT; 
Cl.AS! C, DA4, !MCMOS, and M'CMOS are trademarks of National 
Semiconductor Corporation. 
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The state-of-the-an in high
speed logic tor computers 

By THO MAS DUGA N 
Director of Marketing, Vitesse Semiconductor Corp., Camarillo, Calif. 

High-speed logic is progressing 
faster than ever with new GaAs 
and biCMOS technologies that 

promise to replace ECL in advanced 
computer systems. This trend is pro
pelled by the additional speed, low 
power, and high integration that 
GaAs and biCMOS offer. In 1991, the 
high integration process approach to 

Benchmark circuit 

~·-~ ..... = ~ l '~~~~ '~ 
GaAs will yield one million transis
tors. Consequently, GaAs will be
come enabling technology for inte
grating full microprocessors, such 
as Spare, MIPs, i486, or the 68040. 
And by the early 1990s, GaAs proces
sors faster than 250 MHz will make 
desktop supercomputers a reality. 

These changes in high-speed logic 
are redefining the methodology of 
obtaining high performance in a 
computer system. No longer can de
signers simply use the fastest com
ponents and expect their systems to 
reflect this speed. 
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240 MHz 

~ 506 MHz 

Consequently, the design of chips 
and systems as one entity will be
come routine because of common 
simulation tools that model the chips 
and systems at operating speed. 
However, system designers will 
have to understand all of the perfor
mance issues (integration, power, 
packaging, etc.) and have an open 
mind to these evolving technologies. 

o.__~~~~~~~~~~~~~~~~~~~~.__~.__ ... 

0 10 20 30 

Power(mW) 

The technology choices were easy 
in the past: ECL provided speed and 
CMOS offered integration. Now, 
high-end computer-system design
ers must have both to be competitive. 

1
1. PLOTTING THE DELAY of various technologies through the given path in the 
benchmark circuit versus power dissipation shows that biCMOS power increases 
exponentially with frequency. Power for GaAs, however, increases only where speed
enhancing buffers are added. As a result, an unbuffered version of the Vitesse HGaAs-11 
process (at 240 MHz) will consume about the same power as biCMOS running at 105 MHz. 

Consequently, ECL is pushing to- internal voltage swings, results in a 
ward higher integration by reducing low fixed-power dissipation per gate 
the power/ cell, while CMOS adopted that doesn't go up with frequency. 
bipolar structures to drive the capac- ECL has made great strides in in
itance of long metal lines. A third tegration this year with up to 35,000 
technology, GaAs Direct-Coupled gates, but at power levels approach
FET Logic (DCFL), is the basis of Vi- ing 50 W. Projections from Bipolar 
tesse's HGaAs process. Like silicon Integration Technology's new P201 
MOS, DCFL has the best speed/ pow- process and National's Aspect pro
er product of the three and will soon cess indicate that ECL may be at 
reach CMOS integration levels. 150,000 gates by 1991. But these are 
DCFL also uses current-steering complex processes, requiring as 
logic, which, combined with its small many as 26. 
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The new Motorola MOSAIC 4 pro
cess claims to integrate biCMOS 
blocks, such as SRAM, with integra
tion levels reaching 54,000 gates 
(84% usable) in a sea-of-gates ap
proach. By adding CMOS and biC
MOS megacells, ECL can increase in
tegration and address the high pow
er-per-gate issue that has plagued its 
use in mainstream air-cooled sys
tems. In essence, ECL will appear as 
biCMOS and will cease to exist for 
VLSI applications. Moreover, the ad-



ditional process complexity will 
mean higher prices. 

BiCMOS has also come on strong 
this year. Products from Texas In
struments' EPIC-11B process have 
more than 100,000 raw gates. The 
key advantage of biCMOS is the 
speed and drive of its bipolar transis
tor coupled with the low power and 
integration levels of CMOS. The 
oversold power advantage of biC
MOS, however, disappears as fre
quencies increase to 100 MHz or 
more for complex circuits, in which a 
significant portion of the gates are 
toggling (Fig. 1). 

GaAs RAMPING UP 
GaAs is on the fastest learning 

curve of the three technologies be
cause of its ability to leverage pro
cess enhancements and equipment 
developed for CMOS. As GaAs inte
gration increases, gate lengths will 
shrink to 0.6 µm-effective with the 
Vitesse HGaAs-III process-and 
will yield products with up to 150,000 
gates by year's end. This is more 
than an order of magnitude greater 
than the predictions made in 1986, 
which stated that GaAs would reach 
10,000 gates by 1990. Future in
creases in density for GaAs will un
doubtedly begin to follow the dic
tates of Moore's law, doubling every 
couple of years (Fig. 2) . 

Over the next two to five years, 
high-speed logic advances will be 
just as dramatic as in the past sever
al years. ECL and biCMOS will push 
toward higher integration because 
of their reduced gate lengths and 
emitter sizes. Migration will pro
gress from today 's 1-µm gate 
lengths to 0.5 µm , and possibly to 0.3 
µm by 1995. This would result in biC
MOS arrays that could reach com
plexities of 1 million gates. 

Furthermore, CMOS will address 
speeds up to 75 MHz, biCMOS will 
continue from 75 to 125 MHz, and 
GaAs will cover applications at 125 
MHz and higher. These three FET 
technologies will dominate the mar
ket because of the advantages asso
ciated with fabricating FETs. 

Integrating megacell logic and 
memory blocks to eliminate chip 
crossings will become more critical 
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in order to achieve maximum perfor
mance. High-speed SRAM, which is 
available in GaAs gate arrays and 
sta.ndard cells, will reach 128 kbits in 
1991 and 256 kbits by 1993. Logic 
blocks, such as complete CPUs, 
floating-point units, and register 
files , will be possible in GaAs, with 
integration reaching more than 1 
million transistors by 1991. Speed 
will also improve: Clock frequencies 
for complex devices, such as CPUs, 
will hit 200 MHz in 1992 and double to 
400 MHz by 1995. 

These speeds will be made possible 
by loaded gate delays of less than 200 
ps (54 ps unloaded on HGaAs-III). 
Enhancements will allow sub-100 ps 
loaded gate delays by 1992 and sub-
75 ps by 1995. Embedded SRAM that 
doesn't need to cross chip boundaries 
can be extremely fast. By 1992, to
day 's 3.5-ns cycle times (10-kbit 
block) will be lowered to 2 ns. By 
1995, on-chip RAM blocks of this 
complexity will approach 1 ns. 

R EDUCING DISSIPATION 
The key to increasing integration 

and enabling these large devices to 
operate in air-cooled systems will be 
reduced power dissipation per gate. 
As cell size decreases, the power-per
gate will drop from 0.3 mW I gate to 
0.15 mW I gate in 1992, and to 0.05 
mW I gate by 1995. Within five years, 
this reduction in power dissipation, 

1986 1988 

as well as process simplicity, will 
cause ECL to be replaced by bi CMOS 
and GaAs as the only viable choices 
for implementing high-performance 
VLSI logic. 

GaAs started penetrating comput
er systems by breaking speed-criti
cal bottlenecks. Some examples of 
bottlenecks include the translation 
look-aside/buffer (TLB), cache con
trol, error detection/ correction 
(EDC), DRAM control, and clock dis
tribution. Today's system designers 
are working on 40-to-50-MHz proces
sor designs, with support logic 
around the CPU that must function 
at twice that frequency. GaAs can of
fer speed, low power, and a migra
tion path to higher-frequency sys
tems for this 80-100 MHz support 
logic. 

Gazelle's 22V10 and the Vitesse 
PLR2KT, for example, aim at glue
logic solutions. By using GaAs, such 
companies as Solbourne (TLB for 
Spare) and Convex (EDC) have 
turned these system bottlenecks into 
performance features. 

The next obvious step, being taken 
by some major computer companies, 
is to build an entire GaAs CPU mod
ule running at 200 MHz. These pro
cessors are expected to reach up to 
170 MIPs while dissipating Jess than 
50 W. By 1994, 300-MHz superscalar 
architectures running at 270 MIPs 
should be feasible.D 

1990 1992 1994 

Year 

I 2. WITH GATE COMPLEXITY spiraling upwards, GaAs ICs will follow Moore's 
law of doubling in density every two years beginning in about 1991. 
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The Intel i960 32-Bit 
Embedded Processor 
Family: Low Risk 
Solutions for High
Perforntance Embedded 
Designs 

Because successful designs require more than just a single embedded processor, 
H amilton / Avnet carries the Intel i960 32-bit Embedded Processor Family. 

Featuring i960 Superscaler architecture with up to 66 MIPS of performance, the 
i960 Family includes a broad performance range of 32-bit embedded processors, as 
well as the peripheral components, coprocessors, and development tools to ensure 
the success of your designs. 

Peripheral components that include Intel's 82596, 32-bit ethernet processor; 27960 
hurst EPROM; 85C960 and 85C508 EPLDs; and evaluation boards. 

And Hamilton / Avnet can further support your design with Intel development 
tools, such as the ICE-960KB; development software; technical literature; design 
application notes; and technical specialists. For details, simply send in the coupon 
below, or call toll free, 1 (800) 442-6458. 

r-----------------------, 
FREE DEMO DISKEITES! 
D I'd like more information on the Imel i960 Family, including 

the i960 development tools demo diskette. 
D Please have a Hamilton / Avnet representative call on me. 

Title _____________________ _ 

Company ___________________ _ 

Address-------------------~ 

City _____________________ _ 

State _____________ Zip1 _______ _ 

Phone ____________________ _ 

Application------------------

Mail to: Hamilton / Avnet Electronics 
Dept. 175, P.O. Box 9000, San Fernando, CA 91341-9981 

Offer expires Ociober 31 , 1990. 

L------------------------J 
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Digital's multichiP unit: the 
performance packaging answer 

BY PETER DUNBECK 
Consulting Engineer, Digital Equipment Corp., Marlboro, Mass. 

Designing high-performance 
computers involves more than 
selecting the latest, fastest mi

croprocessor as the central process
ing unit (CPU). As those devices 
climb in their MIPS and megaflops 
ratings, it's increasingly important 
to minimize off-chip delays in a sys
tem so that the CPU speed doesn't 
dissipate. To deal with that chal
lenge, Digital Equipment Corp. de
veloped a packaging concept that 
greatly reduces propagation delays. 
The multichip unit (MCU) technolo
gy was first introduced in the VAX 
9000 mainframe (ELECTRONIC DE
SIGN, Oct. 26, 1989, p. 29). The MCU 
makes it possible for circuit pack
ages to be connected by signal paths 
that are as short as possible, offer
ing minimum resistance and cutting 
signal delays. 

When Digital planned the VAX 
9000, the designers wanted to go be
yond simply designing with faster 
semiconductors; higher-perfor
mance systems that offered high re-

Clock 
distribution 

chip 

Macro cell array 
(MCAlll) 

liability was also essential. Those 
goals required a long-term solution 
based on leading-edge ECL circuit 
packaging that would offer a viable 
base for more powerful systems. 
The solution came in the MCU, which 
embodies a major new interconnect 
technology and builds on advances in 
semiconductors to overcome the lim
itations of printed-circuit boards. 

Its use has enabled Digital to in
crease the logic device density by 30 
times compared with earlier models, 
and to reduce propagation delays 
from approximately 200 ps/in. for 
conventional pc boards to between 
160 and 170 ps/in. Those improve
ments, coupled with faster logic 
used in earlier VAX designs, can 
double computer performance. 

MCU DESIGN 
With the MCU, Digital can use 

high-density /high-performance 
chips operating in close proximity 
with a chip-interconnect scheme that 
reduces noise or other interference 

SeH-timed RAM 

HDSC interconnect 

Pin-fin 
heat sink 

11. THE MULTICHIP UNIT (M CU) HAS a pin·fin heat sink to dissipate heat. 
In use, the unit is flipped over to allow the signal flex points to mate with an array of 
contacts on the planar module. 

E L E C T 

while maintaining signal integrity 
between chips. The scheme also 
makes it possible for efficient ex
traction of the heat generated by 
densely-packaged ECL gate arrays. 

The MCU consists of four main 
types of components-the logic cir
cuits, signal flex-a flexible circuit 
signal connector, heat sink, and high
density signal carrier (HDSC), which 
is a multilayer copper/polyimide in
terconnect structure. System cost is 
kept down through good design 
practices, extensive logic integra
tion, and inherent manufacturability 
that employs relatively inexpensive 
materials. 

The MCU is the basic building 
block for VAX high-performance 
systems (Fig. 1). In the VAX 9000 
mainframe, it's used in the CPU, the 
integrated vector processor, and the 
system control unit. Within the 
MCU, fast ICs are connected 
through the HDSC, which is con
tained in a housing that also sup
ports the signal and power connec
tions. The HDSC brassplate is then 
bolted to a pin-fin heat sink to pro
vide cooling. 

The primary ICs interconnected 
through the HDSC are ECL gate ar
rays called MCA Ills, and self-timed 
RAM (STRAM) devices. The MCA 
Ills are built according to a Digital 
design with a density of 10,000 gates, 
which is eight times greater than the 
density of the MCA I gate arrays 
used in the VAX 8800. 

Employing such dense chips re
duces overall heat output compared 
with using a larger number of less 
dense chips. However, denser chips 
call for an interconnect that can com
bine more connections per device to 
minimize connect distances and in
crease speed. 

These demands have been met 
with the HDSC, a wafer-based inter
connect that uses a copper/polyi
mide substrate to perform functions 
similar to a pc board. However, the 
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• MULTI-CHIP PACKAGING • 
HDSC layout is three to five times 
more dense, allowing for more than 
600 signal lines per inch. The HDSC 
represents a density improvement of 
30 times from one generation to the 
next: One 4-by-4-in. HDSC can ac
commodate as much logic as four 15-
by-12-in. pc boards. 

Each HDSC is packaged in a hous
ing that mechanically supports sig
nal and power connections, and pro
vides a heat sink that allows air cool
ing. In addition, the MCU has excel
lent thermal properties, making it 
possible to maintain temperatures 
no higher than 
85°C, even with 
dense ECL cir
cuits. Complete 
MCUs are mount
ed and intercon- ,_ 
nected with oth- ~ 
ers on a special -~ -:;; 
board called the ~ 
planar module. 
Several MCUs , 
each with a differ
ent functional de
sign, are integrat-

MCA I 
on PWB 

and power interconnections are 
made as two separate cores and then 
are bonded together; plated through
holes connect the two cores. 

Finally, lasers cut accurate die 
sites to accept the various semicon
ductor devices. Tape-automated 
bonding is used to gang-bond the sig
nal and power pads from each chip to 
the HDSC. Chips are epoxied 
through the laser die cuts to the ba
seplate, which serves both as a rigid 
mounting structure and a heat dissi
pator for the chips. 

By bonding chips directly to the 

more than 200 signal paths, creating 
a total of more than 800 for an MCU. 

The HDSC's power core is fed by 
separate power flex cables bonded 
on two edges of the MCU. The cables 
mate to high-current-capacity con
nectors that engage power bus bars 
to deliver power with minimal resis
tance. Separating these connector 
functions prevents undesirable sig
nal-power interaction. 

Before embarking on the VAX 
9000 design, different semiconduc
tor and packaging technologies were 
contrasted by measuring perfor-

mance over a giv

~ Off-chip interconnect delay en logic path. The 
baseline for com
parison was VAX 
8650 technology , 

C=:J On-chip logic and interconnect delay 

~ Memory delay 
using MCA I gate 
arrays in pin-grid
array packages on 
large pc boards. 

Chilled 
CMOS 

MCAlll 
on PWB 

MCA lll 
on MCUs 

1k GaAs 
on MCUs 

WSI 

ed into a CPU, vec- .....__ ___ ____ ___ _ _ _______________ ____. 

tor processor, or 12. A COMPARISON OF PROPAGATION TIMES involved in different 

The summary 
of results com
pares propagation 
times of different 
technologies 
through a logic 
path involving 
such functional 
units as the arith
metic · logic unit 

sys tern control technologies shows that the MCU with MCA III gate arrays significantly improves speed 
unit. compared with printed-wiring-board technologies. 

The MCU con
sists of the HDSC and chips, the pin
fin heat sink, connector assemblies, 
and housing and mounting hard
ware. The HDSC has nine layers of 
copper for power and signal distribu
tion interleaved with insulating lay
ers of a polyimide film. The polyi
mide helps reduce signal propaga
tion delay because it has a low dielec
tric constant. 

The HDSC wafer is constructed 
one layer at a time. The conductive 
copper is laid onto a polyimide layer 
using sputtering and plating. Wafer
alignment stations transfer fine-ge
ometry patterns from a mask onto 
the copper layer. These patterns 
mark out the signal paths on photor
esist, which are then etched into the 
copper layer. 

The next layer of polyimide is laid 
over the copper, and vias are cut into 
the polyimide to form the vertical 
connections between signal paths in 
adjacent layers of copper. The signal 
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substrate instead of a chip package, 
the HDSC eliminates one level of in
terconnect, improving reliability and 
performance. The design creates a 
maximum electrical requirement of 
only 300 W, which makes air cooling 
practical. Other conventional ap
proaches consume as much power as 
900W. 

The copper-alloy MCU baseplate 
assists in cooling and offers a strong, 
rigid substrate. The baseplate is 
bolted to the aluminum pin-fin heat 
sink, which contains hundreds of 
thermally conductive pins. With im
pingement air cooling, the pin-fin 
heat sink can maintain temperatures 
at 85°C for high reliability. 

Signals are transferred from the 
HDSC assembly to the planar mod
ule by flexible-circuit signal connec
tors. These are gang-bonded to each 
of the four edges of the HDSC and 
make contact with the surface of the 
planar module. Each signal flex has 

DESIGN 

and cache (Fig. 2). Projections indi
cate that using MCA Ills in pin-grid 
arrays with VAX 8650 pc boards 
would yield about twice the logic 
speed of earlier ECL, but the inter
connect delay between chips would 
pose a performance limitation. Note 
also that little performance advan
tage is gained with small-scale GaAs 
arrays or wafer-scale integration; In 
fact, such technologies might repre
sent a higher risk because of their 
immaturity. 

The ultimate choice was to com
bine the high-speed ECL logic of the 
MCA Ills with the tight packaging 
of the MCUs . Consequently, the 
combination showed a 50% percent 
improvement in off-chip signal de
lay. This solution also had other ad
vantages, ranging from its potential 
to interconnect high-lead-count 
VLSI chips with small lead delay to 
its ability at being a practical-sized 
field replaceable unit.0 





Finally, a plug and play 
IOBASE-T network. 

With our new ML4650 family of 
Single Chip lOBASE-T transceivers, 
you're covered all across the LAN. 
Because we have single chip twisted 
pair solutions for both ends, hub to 
node. Available now. In quantity. Giving 
you a fast, no hassle lOBASE-Tsolution. 

On the PC side, the ML4651 and 
ML4652 transceivers incorporate AUi 
interfaces designed for both Ethernet 
adapter cards and external MAU s. 
On the hub side, the ML4654 is tailor
made for a hub design with TTL or 
ECL outputs. All are highly integrated 

single chip 
, solutions, mini

mizing 

the number of external components 
required. So your design-in process is 
much easier. And faster. 

lOBASE-T transceivers let i;;11 c 
you network computers and 
peripherals using un-shielded 
twisted pair wiring that is less 
expensive and easier to install 
than Ethernet 

D 

On-chip current driven transmit
ters are less sensitive to noise and 
power supply variations. So you get 
superior jitter performance and low 
noise outputs that help you easily pass 
FCC requirements. And the receiver 
includes an intelligent squelch that 
rejects cross-talk noise commonly 
found coupling from the phone wires 
into the LAN. There's no external 

crystal oscillator required either, and 
devices use 5 volts only power 
supplies. 

Parts are available in 20- and 



24-pin skinny DIPs and 
28-pin PLCCs. There's 
even an ML4621 Fiber 
Optic Inter-Repeater 
Link (FO IRL) receiver 
available to satisfy 10 Mbps 
fiber optic Ethernet requirements. 

And unlike much of the tech-
' nologyyou've been hearing about, these 

are products of experience.We've 
been shipping twisted pair transceivers 
since 1987, as part of Synoptics' 
LattisNet network. 

Semi-st.andard options. 
We're one of the first to market 

for one simple reason. Our lOBASE-T 
family is based on our standard FB3651 
bipolar tile array. So we were able to 
quickly modify our "standard" product 
to satisfy the rapidly-emerging IEEE 
802 standards. 

And for the same reason, they 
' can be easily modified with semi-

standard capability to give you pro
prietary product advantages. Like 

Semi-standard options of the standard 
lOBASE-Tcircuits are possible simply by 
modifying the metal mask on the FB3651 
tile array. 

functional or perform
ance modifications. 
Or special screening 
packaging or reliability 

levels to meet your specific network 
requirements.Whether it's an on-board 
AUi device. Or a multi-port repeater 
(MPR) designed to achieve that 
critical time-to-market advantage 
you've been looking for. 

Call us on it. 
If you'd like to turn your 

lOBASE-T idea into a deliverable 
product, just call Charles Yager today 
at (408) 433-5200 and ask him for 
the complete story on our ML4650 
family of single chip lOBASE-T ~ 
transceivers. Or ask for a free 
sample. It could add a whole 
new twist to your networking 
scheme. 

Micro Linear, 2092 Concourse Drive, 
San Jose, CA 95131 

'Micro Linear 
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Before you begin your next 
data comm transceiver design, 
there are a lot of things we think 
you should consider. 

Should it be a standard, 
off-the-shelf transceiver? A semi
standard transceiver? Or even a 
USIC (User Specific) transceiver? 

With us, the decision is 
yours. Because we can satisfy 
the whole spectrum. From high 
performance standard data 
comm transceivers like lOBASE-T 
and Fiber Optic IEEE 802.3, 
802.4 and 802.5 networks. Tu pro
prietary semi-standard solutions. 
Tu sophisticated, ASIC-based 
designs. Or any combination. 

Since 1983 we've pio
neered the use of analog ASIC 
methodologies to produce high
performance, high reliability 
analog products for a wide range 
of commercial and military 
applications including com
puter peripherals, instrumenta
tion, telecommunications and 
data communications.Yours could 
be next. 

Tu find out, simply send 
us your data comm transceiver 
design problem with all the 
critical performance parameters. 
Our application engineers 
will quickly analyze your 
problem, evaluate the alterna-

tives and give you our best 
recommendation. 

We'll even give you a 
number of development cost 
options- ranging anywhere 
from a one-time NRE charge to 
waiving it in exchange for the 
rights to eventually offer your 
design as one of our standard 
products. 

Write to Micro Linear, 
2092 Concourse Drive, San Jose, 
CA 95131. Or send in the coupon 
below. Better yet, call Charles 
Yager at (408) 433-5200 and give 
him all the facts.The answers 
he'll give you are anything but 
standard. 

CIRCLE95 
-------------------------------1 

D Yes, I'd like to know more about your data comm transceivers I 
and Semi-Standard Analog. Please send me your 1990 Data Book. I 
D Please have a Micro Linear sales engineer call me. I have an I 
immediate requirement. I 

Name: Title: I 
Compariv: ___________________ _ 

Address: ___________________ _ 

City: ___________ state: ____ Zip: ___ _ 

Phone: ( 

Send to: Micro Linear, 2092 Concourse Drive, San Jose, CA 95131. 

I 
I 
I 
I 
I 
I 
I 

l E.D. 8/23/90 
--------- ________ J 



DESIGN APPLICATIONS 

DESIGN A 
DSP-BASED 

SPEECH· 
TRANSMISSION 

SYSTEM 
SIMULATION ENABLES 

DESIGNERS To EXPLORE 
THE TRADE-OFFS 

BETWEENDSP 
ALGORITHMS AND 

HARDWARE 
IMPLEMENTATION 

WITHOUT BREADBOARD 
PROTOTYPES. 

SOO KWAN EO, CHINGWO MA, AND INCHEOL JANG 
Comdisco Systems Inc. , 919 East Hillsdale Blvd., 
Foster City, CA 94404; (415) 574-5800. 

Beta 

Adaptive 
delta 9600-bps modem 

Adaptive delta 

o transmit low-bit-rate speech over the tele
phone system requires complex signal-pro
cessing hardware and algorithms. At low bit 
rates, the limitations inherent in telephone 
channels (such as the effects of linear distor
tion, noise, carrier- and clock-signal recov
ery, and phase jitter) can cause errors in the 
receiver and reduce speech quality. 

To overcome these unpredictable errors, 
most receiver functions in a low-transmission-rate mo
dem are performed by a software-controlled digital sig
nal processor. However, modems operate in real time, 
thus the modem-receiver software's design must com
promise between algorithmic complexity and system
performance objectives. 

The choice of algorithms affects the hardware imple
mentation. Therefore, experimenting with breadboard 
prototypes of DSP-based speech-transmission systems 
is difficult, costly, and time consuming. Designers are 
limited in the number of trade-off iterations. They need 
the capability of performing intensive simulations to in
vestigate the trade-offs between various algorithms and 
system complexity to optimize overall system perfor
mance. Comdisco Systems' Signal Processing WorkSys
tem (SPW) offers this capability. 

SPW users can design the algorithms in a signal-flow 
graph format and, prior to costly implementation, simu
late the algorithms with stimulus signals derived from 
real-world data. Pathways are supplied to step through 
the design hierarchy from high-level signal-flow descrip
tion down to actual hardware implementation. The imple
mentation can involve a DSP chip, discrete components, 
or an ASIC. But designers needn't make that decision 
until the algorithms are proven. 

Designing the low-bit-rate digital speech transmission 
system with the SPW involves capturing speech, source 
encoding and decoding, signal-flow description using 
SPW library elements, and modem simulation using real
world data. Besides having an algorithmically proven 
signal flow, designers are provided with test points and 
the expected signals. Consequently, when the design is 
implemented in hardware, it can be verified against the 
Signal Processing WorkSystem data. 

The digital speech-transmission-system architecture 

Beta 

Adaptive delta 

Adaptive 
delta 

Passband edge Sampling frequency 

modulator with Bits Data In Data Out 1---~ x demodulator with "' X>----
Butterworth 

lowpass llR filter 
2n 

A 
2-bit memory 

~ 

x Clock Receive 

2-bit memory 
B 2n 

Transmit Enable Enable 

Hold Delta Hold Delta Reset Lock Hold 

1 1. THE DIGITAL SPEECH-TRANSMISSION system takes in a digitized speech signal, encodes it, transmits it through a 9600-
bps modem, and subjects it to the distortion and phase delay of a 3002/C4-channel telephone line before decoding the signal. 
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SPEECH TRANSMISSION 

In Comparator 

Positive Negative 
threshold Step size 

nite-impulse-response (IIR) filter. 
The modeled voice signal "Mary had z-1 0 t 

Out 1-----ou a little lamb" was captured at a sam-

Hold 

pling rate of 8 kHz through a GPIB 
interface with a Tektronix 11401 digi
tal oscilloscope. This digitized signal 
was up-sampled to 9.6 kHz using inter-

Clip Bits polation and decimation filtering, 
1-----+---,__---~ functions that are contained within 

the source-signal block. 

Initial delta 

Delta 

CFDM 
coefficient 
multiplier 

Coefficient 
Bit 0 

Hold 

z-1 
Dutt----~ 

Hold 

Delta adaption with 2-bit memory 

Beta 

Delta modulation (DM) is a special 
AdapL delta case of differential pulse-coded modu

lation (DPCM). Here, the quantizer 
has only two possible rounded values, 
resulting in a staircase approximation 
of the analog waveform. Two kinds of 
delta-modulation codes exist: a code 
that represents the instantaneous 
contents of the speech (short term), 
and one that represents the content of 
the speech (long term). 

The instantaneous coding is done 

1 2. AN ADAPTIVE DELTA MODULATOR encodestheinstantaneousvalues with constant factor adaptive delta 
of the speech to create digital signals for transmission through the modem. modulation (CFADM). Two-bit memo-

is best understood by visualizing the source encoding- ry is used to accommodate the speech dynamics (Fig. 2). 
decoding and the 9600-bps modem separately (Fig. 1). In this algorithm, the CFADM is characterized by the 
Block names are hierarchical blocks developed within the equations: 
SPW from communications library functions. An adap-
tive delta modulator encodes the instantaneous values of b(n) = sgn[ x(n)- B X y (n -1)] 
the speech waveform for digital t ransmission through y(n) = B X y(n -1) + D(n) X b(n) 
the modem. The 9600-bps modem block contains a 16 
quadrature amplitude modulation (16 QAM) receiver where 
with a linear adaptive equalizer (LAE), a model of a 3002/ 
C4-channel telephone line, and a 16-QAM transmitter 
that produces a modulated, encoded, baseband signal. 
The LAE's output is the encoded voice signal. To recover 

n : Discrete time sequence 
b(n) : CFADM binary data output at time n 
x(n) : CFADM analog input data sampled at time n 
y(n -1) : CFADM analog output data sampled at time the original voice signal, an adaptive delta demodulator 

decodes the instantaneous values to reproduce the voice 
signal. This signal is then fi ltered through a lowpass infi- B 

n- 1 
: Beta for leaky integration factor 

In 

z-1s 
Out ,____.., Real 

In 

Reset Hold 

x Hilbert FIR filter 

Tap length Coefficient 

Hold 

Imaginary 
part recovery 

Make complex 

Imaginary 

Hold 

Complex tone 

Coherent 
demodulation Hold 

Hold 

Hold 

Complex 
signal source 

LMS equalizer 

In OAM linear 16-QAM 
adaptive equalizer data decoder Out 

Train Control Quant.....,... ___ 0 Bit clock Baud 

Hold Receive Enable 

Receive 9.6-kHz 
bit clock 

Timing recovery Receive 
t------' 2.4-kHz 

symbol clock 

I 3. A 16-QAM RECEIVER compensates for telephone-channel imperfections automatically with an adaptive equalizer that employs a 
least·mean~uare scheme. 
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W_ init 
In 2 2 

Equalizer 
tap adapter 

Reset Enable W_ out 

Position y ,__ _____ __. 
in symbol 

Hold 

QAM 
x quantize 

Hold 

QuanL out 

x1 ~ y ._..,.._._.i 
x2 --01 + 

l Training 
sequence 

Hold 

Control 

Hold 

UnquanL out 

I 4. THE QAM LINEAR ADAPTIVE EQUALIZER calculates the error signal between the estimated quantized QAM and the 
unquantized output signal, and then feeds it back to the input to minimize the overall error signal. 

y(n) : CFADM analog output data sampled at time n 
D(n) : The step size at time n representing 

the changing slope of waveform 

With the 2-bit memory exponential adaptation algo
rithm, step size is controlled with four multipliers: 2.0, 
1.5, 0.9, and 0.4. The multiplier 0.4 provides overshoot 
suppression after bit change and multiplier 2.0 supplies 
overload suppression after the channel goes idle. In this 
algorithm, an increasing slope of input is represented by 
a digital 1 and a decreasing slope is represented by a 0. 

The step size to detect the slope change of an incoming 
waveform is updated by the equation: 

D(n) = M(n )X D(n -1) 

where: M(n) = 2.0 if b(n) = b(n -1) = b(n - 2) 

aJ 6 

1.5 if b(n) = b(n -1) and b(n) ~ b(n - 2) 
0.9 if b(n) ~ b(n -1) and b(n) = b(n - 2) 

0.4 if b(n) ~ b(n - 1) and b(n) ~ b(n - 2). 

Because D(n) is updated in this fashion, the slope of the 
input waveform (the gain of the modulator's integrator) 
is continuously changing. This way, in tracking the ana
log input waveform, the output slope can transform 
quickly when changes in the analog input demand it. 

The modem receives and transmits 16-QAM modulat
ed signals with a bandwidth of 300 Hz to 3400 Hz. The 
CCITT V.32 specifications recommend a raised cosine fil
ter with a roll-off factor of 0.1 to accomplish this. The 
transfer function of this raised cosine fi lter in the time 
domain can be represented by the following formula: 

h(t) = sin (7T Xt/T) x cos (betaX7T Xt) 
7T Xt/T 1 - (2Xbetax t!Tt 

T denotes the sampling period and beta denotes the roll
off factor. 

The transmitter dispatches the training sequences be
fore sending the real 
data to the receiver 

TI + ::J 
-=-- ~ =""""" == · .. __ : ~ ~=-~~---~;: =:__-~- -=--~:""-- - -~-:-.--i~:~~;--=~~~?~-;::-~°1~"=--

because the linear 
adaptive equalizer in 
the receiver requires 
training sequences to 
initialize the adaptive 
equalizer correctly. 
The training sequence 
is manipulated by the 
outmost four symbols 
from the 16-QAM sig
nal constellation. For 
example, the first four 
symbols in the 16-
QAM signal constella
tion are (3,3) , (3 ,1), 
(1,3), (1,1). Therefore, 
a training sequence 

" 
{~~~i~~:;~~~-2~~-2==-~~ 

0 

0. -e 
E -· <J: 

0 0 . 5 c.5 3 

aJ 
TI 
::J 

0. 
E 

<J: 

15. THE RECEIVER-EYE PATTERN shows severe intersymbol-interference from the channel 
output. This output signal, with its interference, is fed to the adaptive equalizer. The simulation results for the 
output of the equalizer show a well-opened eye, indicating reduced interference at the sampling points. 
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from this set would be (3,3). 
The channel model's specification is defined by the 

3002/C4 channel amplitude and delay characteristics. A 
time-domain filter in the SPW library performs this mod
eling. It reads magnitude and delay at each frequency 
from the input file . The filter then interpolates the data 
before running an inverse fast Fourier transform to out
put a time-domain impulse-response curve to fit the 
specification. 

In the receiver, Hilbert transformation is applied be
fore the coherent demodulation shifts the signal back to 
the baseband region. The Hilbert transformation re
trieves the imaginary signal component from the trans
mitted signal for processing in the complex domain. Be
cause of the linear distortion in the 3002/C4 channel, the 
received signal suffers severe inter-symbol-interference 
(ISI). Compensation for this channel imperfection is per
formed in the adaptive equalizer. The adaptive LAE uses 
the least-mean-square (LMS) scheme. Once the LAE's 
tap coefficients are converged using training sequences 
within several hundred symbol periods (by monitoring 
the error signal from the LAE), the adaptive LAE's input 
is switched into the real data line. 

After the equalizer clusters receive symbol data into 
16-QAM signal symbols on the signal constellation, the 
QAM decoding block translates the symbols into binary 
bit streams. These streams are fed into the adaptive del
ta-demodulation block followed by the lowpass filtering 
to smooth out the recovered speech signal (Fig. 3). 

In this simulation, only the ISI associated with the 
3002/ C4 channel is considered. The remaining interfer
ence, such as symbol and bit-clock phase jitter, aren't 
considered. The adaptive QAM LAE calculates the error 
signal between the estimated quantized QAM and the 
unquantized output signal (Fig. 4). The equalizer then 
feeds the error portion of the signal back to the input to 
minimize the error signal. 

The entire system was constructed of hierarchical 
blocks using SPW' s Block Diagram Editor. Most of these 
functions were taken from the SPW communications li
brary that includes 
DSP kernels, filters, 
linear and non-linear 
processing, mathe
matics, statistics, 
adaptive filtering, sig
nal input/output, vec
tor manipulation, and 
control flow. The SPW 
Communications li
brary offers over 300 
communications-ori
ented function blocks 
that create, simulate, 
analyze , and verify 
communication-sys-

0 . 0628 

-0 . 0331 

sented as a collection of these blocks connected by wires 
representing signal flow. 

Furthermore, designers can construct multilevel hier
archical and custom-coded blocks and add them to the 
library (two custom blocks were created for this system). 
A multilevel block represents a signal-processing func
tion or subsystem built out of combinations of basic, cod
ed, and other multilevel blocks. 

Users write source code (in C or Fortran) to create 
blocks that implement a custom function. The SPW auto
matically creates all of the template files and database 
links needed for the custom blocks. Users simply insert 
the source code describing the block's behavior. 

Scalar and vector I/ 0 transfers are handled by the 
Signal Source and Signal Sink blocks. Source blocks can 
read files created in the Signal Display Editor or pro
duced by a previous simulation run. They can also get 
their information directly from the real world through an 
Instrument Interface Library data-acquisition function 
block, such as the block that captured "Mary had a little 
lamb" from the digital oscilloscope. Storage or sink 
blocks reverse the process and store the output in a user
specified file and format. 

The Instrument Interface Library gives the simulated 
DSP system access to external signals. For specific plat
forms, with appropriate bus interfaces, the SPW can re
ceive and transmit data and instructions over a GPIB. 
Special input and output blocks, which can be called by 
the Block Diagram Editor and integrated into the DSP 
design, give users complete access to GPIB calls. De
signers can use these blocks to set up external instru
ments, capture a signal in real time, import that signal 
into SPW, and process that signal. 

The SPW automatically converts the signal-flow block 
diagram from the Block Diagram Editor into an execut
able program that simulates the behavior of the system. 
Because the Simulation Program Builder handles feed
back, designs can include an unlimited number of multi
loops (nested and hierarchical feedback paths). The simu
lation is built from a sequence of procedure calls, each 

MARY HAD A LITTLE LAMB 

tem designs. Virtually 
any signal-processing 
system can be repre- I 6. THIS PLOT ILLUSTRATES the original and recovered speech signals for "Mary had a little 

lamb." The original and recovered signals are represented by a solid and dotted line, respectively. 
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Don't compromise! 
Your design deserves the general purpose 

and power relays that established 
the industry standards -

Potter & Brumfield 

K10 series miniature relay (left) 
•Plug-in, PC board or flange mount 
• OPOT contacts switch 15A 
•SPOT, 20A version (K20) available 

KHA series relay (right) 
•Switches from dry circuit to 5A 
• OPOT and 4POT arrangements 
•Plug-in , PC board or flange mount 

KRPA series relay 
• 5A or 10A contacts 
•Enclosure has octal-type plug 
•Arrangements through 3POT 
• Hermetically sealed case available 

PRO series power relay 
•Arrangements through OPOT 
•Max. ratings from 20A through 50A 
•Available with magnetic blowouts 
•Optional auxiliary switch 

KU family relays 
•Contact ratings from 5A to 30A 
•Open and enclosed types 
•Arrangements through 4POT 

R10 series relay 
•Arrangements through SPOT 
•Ory circuit through 7.5A switching 
•Many coil sensitivity options 
•Various mounting configurations 

For nearly 60 years, P&B relays 
have served industry reliably 
through millions of operations in 
thousands of diverse applications 
and environments. Our perform
ance has made P&B relays the 
standards of the industry. And it's 
exactly the kind of performance 
you expect from a relay in your 
latest design. 

P&B manufactures the broadest 
line of general purpose and power 
relays in North America. From 
miniature relays with dry circuit 
contacts to power relays rated 50 
amps, hundreds of different 
models are available off-the-shelf. 
Many more are tooled and can be 
built within standard leadtimes. 

Call us for any high-volume OEM 
application demanding something 
really out of the ordinary. Our 
expertise and engineering know
how allow us to handle many 
custom relay requirements quickly 
and efficiently. 

Contact us today to find out more. 
Potter & Brumfield , 
A Siemens Company, 
200 South Richland Creek Drive, 
Princeton, Indiana 47671-0001. 

Call toll-free 1-800-255-2550 for 
the P&B authorized distributor, 
sales representative or regional 
sales office serving your area. 

Potter & Brumfield A Siemens company 8906 
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DSP·BASED 
SPEECH TRANSMISSION 

representing the mathematical operation of a block. The 
number of blocks in a design is limited only by the size of 
a user's disk. 

The simulation was performed for the 5.8-second 
speech signal. At a sampling frequency of 9.6 KHz, the 
signal produced 23,000 data points. To produce as realis
tic an environment as possible, additive white Gaussian 
noise with a variance of 0.000005 was added to the input 
of the adaptive equalizer. This corresponds to a noise 
level of between 30 Hz and 1 kHz in the speech spectrum, 
which is approximately 15 dB below the signal level. 

The channel-output signal, along with severe inter
symbol-interference, is input to the adaptive equalizer 
(Fig. 5). The simulation results at the output of the equal
izer show a well-opened eye, which indicates reduced in
terference at the sampling points. 

In the plot of the original and transmitted signals, the 
solid line represents the original speech signal (Fig. 6). 
The dotted line is the signal recovered from the design 
system. In the simulated system, the overall signal-to
noise ratio (SNR: Quantization error) of the adaptive del
ta modulator scheme proved to be approximately 6 dB. 
Modem channel error rates as high as 10-3 are acceptable 
and have no significant effect on the quality of speech. 
The following table shows the bit error rate of the trans-

mission system: 

Pe (with ISi) 

1.8 x 10-3 
3.3 x 10-5 

Pe (without ISi) 

1.0 x 10-4 
0 

Eb/N :bit energy per noise power spectral density 
Pe : error probability 
ISi : intersymbol-interferenceD 

Soo Kwan Eo, a project manager at Comdisco Sys
tems, has an MSEE from the University of Arizona, 
Tucson. 

Chingwo Ma, a DSP engineer at Comdisco Systems, 
has a PhD in electrical engineering from the Universi
ty of Southern California, Los Angeles. 

Incheol Jang, also a DSP engineer at Comdisco Sys
tems, has an MSEE from Stevens Institute of Technol
ogy, Hoboken, N.J. 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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DSP-LINK. A Unified Solution 
For All Of Your DSP Applications. 

-. -· ' • • . II 

• ii 

System Boards with Analog I!O 

-
it • •• I 

Processor Boards 

Support For All M ajor D SP Processors: 
• Texas Instruments TMS320C25/C30 
• Motorola DSP56001/96002 
•AT&T DSP32C 
•Analog Devices ADSP-2100/2101 

Development and OEM systems for 
Digital Signal Processing (DSP). 
Spectrum Signal Processing Inc., 460 Totten Pond Road, Waltham, MA 02154 

DSP-LINK Analog and 
Digital I!O Peripherals 

.SPECTRUM 
\.._/ V 

Tel: 617-890-3400 or 800-323-1842 

© 1990 Spectrum Signal Processing Inc . All product names a re tradema rks 
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Make One Call 
to Pioneer, 

M aximize Speed and Power 
Call 1-800-874-6633 for the Intel Math CoProcessor 
that can speed up your software as rnuch as 500%. 

Our Intel-trained applications expens Will know exactly which lntel Math 
CoProces.sor fits the socket on your cornpatible Pc Then, because we stock 

thern all, and we proeess orders immediately, your nurnenc-intensive software 
Will SOon be runn;ng up to 500% faster. CimeJ Math Co Processors are cornpat -
ible With over I , OOo Pc software applications.) All this at a cornpetitive Price. 
With a 5-year wanamy. So why wait> For ntaxirnurn speed and power, call 

Picture 
Perfect Prev.iew 

1-800-874-6633 right now_ 

IJPionee, 

Statgraphics 
Regression 

CIRCLE 102 

Lotus 
Financial 
Recalc 

Lotus 
Engineering 

Recalc 

Autocad 
Regenera tion 

O With Intel Math CoProcessor 

O Without In tel Math CoProcessor 

See wha1 !he tigh1 lnieJ Ma1h CoPmcessor 
can do for your speed and power - and 
Pioneer Will ship it to you today! 



1 watt amplifier family, 10 MHz to 4.2 GHz ... from $895 
Now is the time to rethink your design decisions-if you require 

up to 1 watt output for low-distortion intermodulation testing . 
broadband isolation .. . flat gain over wide bandwidth-or if you need 
much higher output level from your signal / sweep generator or 
frequency synthesizer-you can now specify Mini-Circuits' new 
ZHL Series, power amplifiers .. . from only $895. 

Using ultra-linear Class A design, these state-of-the-art amplifiers 
provide up to 40 dB gain, flat (±1.0dB), are unconditionally stable, 
include overvoltage protection, and can be connected to any load 
impedance without amplifier damage or oscillation. 

One week delivery ... and, of course, one year guarantee. 

C 97 REV. D 
finding new ways ... 

setting higher standards 

SPECIFICATIONS ZHL-42 ZHL-4240 ZHL-42-W 
Frequency, GHz ........... 07 to 4.2 ...... 0.7 to 4.2 ..... 0.01 to 4.2 
Gain. dB min. . ................ 30 ........... 40 ........... 30 
Gain Flatness, dB ............. ±1 .0 ......... ±1 .5 • ........ ± 1.5 
Power Out @ 1 dB CP, dBm min. . +29 .......... +29 ..... . .... +29• 
VSWR In / Out, max . ........... 2.5:1 ......... 2.5:1 ...... . .. 2.5:1 
Noise Figure, dB typ ........... 10.0 ........... 4.0 ........... 8 0 .. 
Power Supply, V/ ma ....... +15/ 690 ...... +15/ 700 ...... +15/750 
Third Order Intercept, dBm min. . .. 38 ........... 38 ........... 38 
Second Order Intercept, dBm min . .. 48 ........... 48 ........... 48 
Size, in. . ........... 7 x 3 !4 x 2Ya h . .. 7 x 3!4 x 2 Ya h . .. 7 x 3!4 x 2 Ya h. 
Price ................... $895.00 ...... $1395.00 ...... $1095.00 

"+28 dBm, 10 MHz to 700 MHz, 3500 MHz to4200 MHz 
.. Below 100 MHz Increases to 15 dB at 10 MHz 

r;;:;J Mini-Circuits 
A Division of Scientific Components Corporation 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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521 DAISY CHAINING 
SAVES A D MA CHIP 

VITTALRAO 
Isro Satellite Centre, Digital Systems Div., Airport Rd., Vimanapura P.O., 

Bangalore, India 560 017. 

A
t times, an application will 
require more than one 
DMA controller, such as an 
8237 and an 8257. The con

ventional method in this case is to 

(8) 

8086 
CPU 

Hold 

Hold 
Acknowledge 

OMA 
controller 

connect additional DMA chips in a 
one- and two-level configuration (see 
thefigure, a). 

An alternate technique is to cas
cade the DMA controllers (see the 

Hold Request r-----. 

OMA 
Hold Acknowledge controller 

Hold Request 

Hold OMA 
Acknowledge controller 

Hold Request 

Hold OMA 
Acknowledge controller 

Hold Request r----~ 

Hold Acknowledge 
OMA 

controller 

16DMA 
channels 

Level One Level Two Level Three 

16 OMA channels 

IFD WINNERS 
IFD Winner for 
April 26, 1990 

Kerry Lacanette, National Semi
conductor, 2900 Semiconductor 
Dr., P.O. Box 58090, Santa Clara, 
CA 95052. His idea: "Create an 
Accurate Noise Generator." 

VOTE! 
Read the Ideas for Design in this 
issue, select your favorite, and cir
cle the appropriate number on the 
Reader Service Card. The winner 
receives a $150 Best-of-Issue 
award and becomes eligible for a 
$1,500 Idea-of-the-Year award. 

figure, b). Linking four DMA con
trollers in a Daisy-chain configura
tion saves one DMA chip. The saved 
chip comes from level one. The order 
in which the DMA chips are connect
ed determines their priority. The chip 
furthest to the left has the highest 
priority, while the right-most chip 
has the least. There's no constraint 
as to the number of DMA chips in the 
chain. Consequently, the technique 
readily accomodates for future ex
pansion.D 

,--------------------~----~--------------------.. I 

OMA controller 1 OMA controller 2 OMA controller 3 

Hold 
Hold Request 1 Acknowledge 1 Hold Request 2 

Hold Hold Request 3 
Acknowledge 2 .-------~ 

11 -
1 

l _ 
Daisy chain__) 

(b) 

Hold Request 1 

Hold Request 2 

Hold Request 3 

Hold Request 4 

r---J\IVV--0 + v cc 
oc 

oc 

oc 

oc 
OC = Open collector 

Hold 
Acknowledge 

Hold 

OMA controller 4 

_J 

8086 CPU 

I THE CONVENTIONAL METHOD of adding DMA chips is to connect the chips in levels (a). By Daisy chaining the chips, however, 
one DMA controller can be eliminated. The chips' priority goes from left to right (b). 
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5 2 2 VERSATILE ONE-SHOT 
INTERFACES CPU 

VITTAL RAO 
Isro Satellite Centre, Digital Systems Div., Airport Rd., Vimanpura P.O., 

Bangalore 560 017, India. 

+ Vee 
Latch pulse 

13 0 

14 11 

2 Oo LE 

15 
CD4051B 

5 

(8-bit) 12 • 9 • 

Out/In 3 Data bus 
• 12 • 74LS373 

• 15 • From CPU 
(D5) 16 

19 
07 

(07} OE 
1 

-=-

B A 
10 11 

10 11 15 Output 
B c 3 14 0 1J Out/In 

74LS32 

74LS123 
CD4051B 74LS08 

74LS08 74LS32 

R 
a 4 

+/-Edge 3 
(Ds) +Vee 

74LS32 
Retrigger I Nonretrigger (07} 
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523 BUILD FLEXIBLE 
l·HZ TIMEBASE 

CHARLES HARTLEY 
P.O. Box 614, San Carlos, CA 94070; (415) 364-3367. 

With large-scale integra
tion, counters and dis
plays can be assembled 
into small packages. 

One such counter makes direct read
out of frequency-generating equip
ment very easy when a 1-Hz time
base is added to latch, reset, and con-

941 E L E C T R 0 N I C D 
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dition the count signal. Because cer
tain chips require either a positive or 
negative signal for housekeeping 
functions, this design adds the flexi
bility to select either polarity. 

A crystal-controlled clock chip pro
duces separate 2-second high-to-low 
pulses offset from each other by 1 
E S I G N 

00 01 02 03 o, 05 05 o, 

0 0 0 0 0 0 0 0 

1 1 1 1 1 1 

Selects Selects + VE or Retriggerable or 

resistors capacitor -VE non-retriggerable 

edge 

P
rocess-control applications 
often require a monostable 
multivibrator (one-shot) with 
a pulse width that can be se

lected on-the-fly. This circuit con
tains the flexibility needed by such 
applications (see the figure). 

The circuit uses two CD4051B ana
log multiplexers to select the re
quired timing components for the 
multivibrator, and hence, the pulse 
width. The multiplexers' address in
put comes from an 8-bit latch. Bit D6 
tells the multivibrator whether to 
trigger on the leading or trailing 
edge of the trigger input. Bit D7 de
termines whether the multivibrator 
should be in a retriggerable or nonre
triggerable mode (see the table). 

The circuit can link to any digital 
logic or microprocessor system. The 
8-to-1 analog multiplexers can be re
placed by 16-to-1 parts with a corre
sponding increase in address lines to 
cover a wider range of pulse 
widths.O 

I!~!~ !~o!~~~~~t~~~ to 
select its pulse width on-the-fly, two 
CD4051B analog multiplexers are used to 
set that pulse width. 

second at a width of about 46 ms (see 
the figure). By differentiating, in
verting, and ORing the pulses in 
XOR gate U2A, a stream of 1-Hz, posi
tive, 200-µs pulses is generated. 

For latching, the 1-Hz stream is 
again differentiated in U28 , input 1 to 
supply a 50-µs pulse. Though U28's 
output goes from high to low, it can 
be reversed, by making input 2 low. 

Because the reset pulse must oc
cur after the latch signal, the 1-Hz 
stream from U2A is delayed 100 µsat 
U2c, input 1. The output-pulse polari
ty is determined by making U2c's in-



PRODUCT INNOVATION 

FRAMEWORK MIXES TOOLS TO 
GET MIXED A/D SIMULATORS 

MixALOGIC 
SIMULATOR 
WITH TWO 
ANALOG 
SIMULATORS 
AND GET A 
MIXED-SIGN AL 
TooLFORICs 
ANDA SECOND 
FOR SYSTEMS. 

FRANK GOODENOUGH 

s a product's "time-to
market" continues to 
shrink, the demand 
for complete simula
tion of systems-very 
few of which have no 
analog functions
grows ever greater. 
Such systems require 

accurate and easy-to-use analog-dig
ital simulators. 

With thatin mind, Cadence Inc. de
veloped two separate mixed-signal 
simulators simultaneously: Cadence 
Spice/Verilog for IC design and Sa
ber/Verilog for system, board, and 
ASIC design. Cadence's Verilog-XL 
is the digital tool in both simulators. 

I INTEGRATED MIXED-SIGNAL SIMULATION is now possible with the 
Analog Artist system from Cadence. A phase-locked loop (upper left) with its analog and 
digital nets highlighted (lower left), has its time and frequency responses plotted (right). 

E L E C T R 

Both simulators are under the aegis 
of the Cadence Framework and are 
tightly coupled through a communi
cation system. Each can handle, to 
some degree, aspects of IC and sys
tem design. 

Cadence Spice/Verilog is com
pletely integrated into Cadence's 
Analog Artist Design System. Sa
ber/Verilog is available as a stand
alone mixed-signal simulator with 
other front-ends, in addition to the 
capture package. 

Under the Analog Artist Design 
System lies "Artist," the analog sim
ulator for mixed-signal IC design. 
Artist employs either Cadence
Spice-which was developed by Ca
dence's partner Harris Semiconduc
tor Corp., Melbourne, Fla.-or H
Spice from META Software, Inc., 
Campbell, Calif. 

Cadence-Spice contains macromo
dels of digital and analog circuits (op 
amps, flip-flops, comparators, regis
ters), which permit 10 to 100 times 
faster circuit simulation. Though it's 
aimed at IC design, Artist can incor
porate off-chip active and passive 
system components (e.g. resistors, 
capacitors, inductors, and discrete 
small-signal and power transistors) 
in the simulation. 

Saber, the analog tool of Saber/ 
Verilog, was first announced about 
five years ago by Analogy Inc., Bea
verton, Ore. Saber and the variety of 
available Spice species dominate an
alog simulation. Saber/Verilog has 
access to a library of over 3000 stan
dard analog parts, and over 9000 dig
ital devices. Nonetheless, it's right at 
home aiding IC design, particularly 
that of mixed-signal ASICs. In fact, 
embedded within Saber is what Anal
ogy calls "native" mixed-mode simu
lation with its own event queue. 

The high degree of hierarchy of 
Artist, Saber, and Verilog-XL, the 
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principle tools behind Cadence 
Spice/Verilog and Saber/Verilog, 
permit bottom-up and top-down de
signs. The tool designers at Analogy 
and Cadence decided they wanted 
their customers, whether analog- or 
digital-system designers, to feel as 
comfortable as possible with the 
mixed-signal tools. Therefore, they 
were given two choices: they can cap
ture their designs either in a typical 
schematic-entry system or they can 
do so with a Hardware Description 
Language (HDL). 

Both Artist and Saber also have a 
high-level modeling language that 
allows circuit blocks to be defined by 
an equation or transfer function. In 
fact, Saber is already famous for its 
"mixed-technology simulation." Its 
modeling language, MAST, makes it 
possible to simulate non-electrical/ 
electronic models, such as motors, 
chemical and thermal reactions, and 
optical phenomena. Moreover, Veri
log-XL offers access to the de facto, 
standard, Verilog HDL. It can cap
ture and simulate an HDL at the 
switch, gate, register, behavioral, or 
stochastic level. Capture and simula
tion control is either textual or from 
a menu. 

Cadence-Spice, an improved Spice 
derivative, offers full-circuit interac
tivity, new convergence algorithms 
for accuracy and reliability. It also 
has a complete suite of popular semi
conductor Spice models. 

TIGHTLY COUPLED FEEDBACK 
Handling tightly coupled feed

back from analog to digital blocks 
and vice versa represents a major 
test for mixed-signal simulators. 
Simulating phase-locked loops, for 
example, is a good indication of the 
capabilities of Cadence Spice/Veri
log and Saber/Verilog (see the fig
ure). Though the results in the fig
ure came from a Saber/Verilog sim
ulation, similar results can be ob
tained for the same circuit from an 
Analog Artist simulation. 

The example also illustrates the hi
erarchical nature of the captured cir
cuit. The captured circuit consists of 
a phase detector, a charge pump, a 
voltage-controlled oscillator (VCO), 
a Schmitt trigger, and a 4:1 divider. 

1041 E L E C T R 0 N I C 
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MIXED-SIGNAL SIMULATOR 

The phase detector and the divider 
employ digital models in Verilog; the 
other three blocks are analog models 
in Saber. The phase detector uses 
gate-level models and the divider em
ploys Verilog behavioral-level mod
els. The charge-pump uses discrete
transistor, -resistor, and -capacitor 
models. On the other hand, the VCO 
and Schmitt models are Saber 
(MAST) behavioral. 

Analog Artist mixed-signal simu
lation with Cadence Spice/Verilog is 
more integrated than its system-de
sign cohort. The circuit is captured 
naturally and intuitively with primi
tive symbols from the Verilog-XL 
and Cadence-Spice libraries. There's 
no need to insert special interface de
vices between the analog and digital 
sections (these "hooks" are already 
in place). 

Moreover, the hooks include feed
back connections. Alternatively, the 
design can be captured hierarchical
ly, with complete freedom provided 
for mixing analog and digital blocks 
at any level (in the schematic hierar
chy), including Verilog-XL behavior
al models. 

As each block is given analog or 
digital properties, it's denoted as an 
analog or digital device, and its sym
bol and circuit nodes can be drawn in 
different colors on the schematic. At 
any time during a simulation, a block 
can be stopped and its properties or 
hierarchical level can be changed. 
The simulation can also be restarted 
at the time it was stopped. A portion 
of a digital circuit-for example, an 
expected critical timing-path-can 
be converted to a circuit model and 
simulated at the transistor level in 
Cadence Spice. 

When the simulation is complete 
and the results are satisfactory, the 
IC-layout tool can be pulled up. If the 
results are unacceptable, Analog 
Artist's Optimization tool can be 
brought up instead of doing a num
ber of iterative circuit changes fol
lowed by simulations. The tools can 
help improve circuit models with 
data from laboratory measure
ments. 

The tools can also help optimize 
circuit values to meet a desired cir
cuit response (for example, reaching 

DESIGN 

some desired combination of gain 
:rnd bandwidth or response time). 
That includes optimizing the delay 
through a number of digital gates to 
minimize time-skew between paral
lel paths (for example, the drive cir
cuits for a video digital-to-analog 
converter). 

PLACE AND ROUTE 
With Artist's mixed-signal place

and-route tool, a chip can be laid out 
in a completely interactive mode and 
the tool can do all of the detail work 
automatically. Like the simulator 
product, the tool is hierarchical, mak
ing it possible for top-down and bot
tom-up design. 

At any given time, the layout's 
parasitic capacitances can be ex
tracted and back-annotated to the 
schematic. Users can also perform 
one or more new simulations. Ex
tracted capacitances include those 
from path to ground, those between 
paths that cross, those between par
allel paths of the same layer, and 
those between parallel paths on dif
ferent layers. The place-and-route 
tool includes special power-bus rout
ing to ensure that remote sections of 
physically large IC chips get the volt
age levels required. 

To minimize noise and crosstalk 
problems, special routing is avail
able on the mixed-signal place-and
route tool for analog circuits. The 
routing permits designers to have 
greater spacing between critical 
lines. In addition, it allows shield 
blocks and/ or nets of analog circuits 
to be isolated.D 

PRICE AND A VAILABILTY 
The Analog Artist Mixed-Si!Jnal Simula
tion Interface is priced at $10,(){)() per li
cense. It requires the Analog Artist Design 
System, which includes Cadence Spice. 
Single-quantity pricing for the system 
starts at $30,(){)() per seat, while the Veri
log-XL simulator runs $25, (){)() per seat. 
Both are available for Sun, Apollo and 
DEC workstations. The Saber interface 
starts at $10, (){)() per seat; Saber starts at 
$15, (){)()per seat. 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 511 

CIRCLE 
544 
545 
546 



~ -------------------------------
I DIDir 125 MHz State Machine, liMd,Ui1f Check out our 125 MHz state_ ~achine. ~-. I 
I r.. ~ MAX'ancl 7C330 family. ~ur 128 Macrocell MAX part. Or any of 24 van eh es .,, . I 

I_ - - - - - - - - - - - :_ ~b~=·- -------------J 

~ -------------------------------: ra,r•e1rf r"z I± I J :flllf Programmable Logic with 3.5 ns performance. w~ : 
r~ ~ f I ~. J;\,j SRAM to 3 ns. 14 ways to speed up your system. l ______________________________ J 

~ --------------------------------
I s·"MOS S' DA IA 1211111 HWI 0.8 micron SRAM with 12 ns performance ~-. I 
I f\,,~ flHlrl is the _world's fastest 64K ITL. Here are seven of the fastest W/ I 

'------------~~~~~---------~---J 
~ -------------------------------

You'll want to keep 
tabs on these. 

To make that easier, we'll send 
you our new Data Book if you call 
the toll-free number below. 

You'll get 1344 pages of hard 
data on our high performance 
parts, support tools, quality pro
grams, military programs, and 
packaging options. 

An idea book for high 
performance designers, our 
1990 Data Book can be yours 
for a fast, free call. 

You'll get thorough descrip
tions of all our SRAMs, PROMs, 
EPLDs, FIFOs, LOGIC, SPARC 
Microprocessors, SRAM Modules, 
BiCMOS, and ECL parts. 
*1-(800) 387-7599 in Canada. (32) 2-672-2220 in Europe. ©1990 Cypress 
Semiconductor, 3901 North Fir.;tStree~ San Jose, CA 95134. Phone (408) 
943-2600, Telex: 821032 CYPRESS SNJ UD, 1WX: 910-997-0753. MAX isa 
trademark of Altera Corporation. 

Data Book HotHne: 
1-800-952-6300. * 

Ask for Dept. (36. 

--··-~ ..... :.~ 
'iii CYPRESS 
? SEMICONDUCTOR 
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386-BASED LAPTOP PC 
USES CACHE-MEMORY DESIGN JoNCAMPBELL 

L
aptop PCs continue to chal
lenge desktop computers. 
The latest example comes 
from Compaq Computer 

Corp. with its new 20-MHz 386SX
based laptop, the SLT 386s/20. The 
PC processes data up to 50% faster 
than 16-MHz 386SX-based systems, 
such as the desktop IBM PS/2 Model 
55 SX, and nearly twice as fast as 12-
MHz 286-based systems. 

System performance of the Com
paq SLT 386s/20 laptop has been en
hanced by combining the 20-MHz In
tel 386SX microprocessor with a 4-
kbyte four-way set associative cache 
memory design, high-speed fixed
disk drives, a high-performance 16-
bit graphics controller and support 
for an optional 20-MHz 387SX copro
cessor. Said to be an industry first, 
the new laptop's 4-kbyte cache mem
ory maximizes memory performance 
for fast processing of data. Accord
ing to the company, up to 93% of all 
processor requests are processed at 
zero-wait states. 

The 20-MHz 386SX microproces
sor delivers 32-bit processing capa
bilities and full compatibility with 
the huge selection of industry-stan
dard software, including 32-bit soft
ware developed specifically for 386-
based industry-standard PCs. The 
SLT 386s/20 has the most data stor
age ever offered in a laptop, a high
performance 120-Mbyte fixed-disk 
drive. Both the standard 120-Mbyte 
(model 120) and 60-Mbyte (model 60) 
fixed-disk drives deliver average ac
cess time of less than 19 ms. 

Other standard features for both 
models include 2 Mbytes of enhanced 
page system memory that's expand
able to 14 Mbytes, a 3-1/2-in. 1.44-
Mbyte diskette drive, industry-stan
dard expansion slots, and a detach
able laptop enhanced keyboard with 
full-size keys and standard spacing. 
A 10-in high-contrast liquid-crystal 
display is compatible with VGA, 
EGA, and CGA standards. The dis
play supports eight shades of gray in 
640-by-480-pixel resolution, and 16 in 

320-by-200-pixel resolution. 
The new laptop PC has several 

standard interfaces: serial, parallel, 
enhanced-keyboard, VGA-monitor, 
external storage-module and desk
top-expansion-base. It also includes 
support for a wide range of diskette, 
tape-drive, and CD-ROM storage op
tions. An optional CD-ROM adapter 
connects to the desktop expansion in
terface to provide support for a vari
ety of CD-ROM drives. 

Other options available for the 
first time include the 20-MHz 387SX 
coprocessor, and 1-, 2-, or 4-Mbyte 
memory boards. There's also an op
tional and enhanced 2400-baud inter
nal modem which supports the 
V.42bis and MNP Level 5 protocols. 

Similar in design to the Compaq 
SLT /286, the battery-powered SLT 
386s/20 weighs 14 lbs., and is about 
4-in. high by 13-1/2-in. wide by 8-1/2-
in. deep. An enhanced NiCad battery 
pack gives over three hours of use. 
An adapter is available for ac-line 
power while simultaneously re
charging the battery pack. 

Unlike many portable computers, 
the Compaq SLT 386s/20 delivers ad
ditional performance required for 
productivity enhancements found in 
today's advanced business environ
ments, such as multitasking and win
dowing environments.Users can run 
386-based applications with such op
erating environments as Microsoft 
Windows/386 and DESQView 386. 
The Compaq SLT 386s/20 also offers 
a high-performance platform for 
business applications running under 
MS OS/2 and Unix. 

Adding the optional 20-MHz 
387SX coprocessor reduces the pro
cessing time of numeric-intensive op
erations (i.e. spreadsheet recalcula
tion) while staying compatible with 
the large base of applications writ
ten for 287 and 387 coprocessors. 

Suggested resale prices for the 
Compaq SLT 386s/20 models 60 and 
120 are $6,799 and $7 ,499, respective
ly. Both are available now. 

Compaq Computer Corp., P. 0. 
Box 692000, Houston, TX 77269-
2000; (800)231-0900. CIRCLE 309 



IC PROGRAMMER 
FEATURES FLEXIBLE 
SOFTWARE CONTROL 

With a library of 2800 devices and a 
standard test head configured with 
multiple sockets, the software-driven 
Allpro-88 programmer can handle 97% 
of all programmable semiconductor de
vices. The unit also supports the new 
avalanche-induced migration (AIM) de
vices, which required current-pulsed al
gorithms, rather than conventional 
voltage algorithms. Each of the unit's 
88 pins has its own driver under soft
ware control, d-a converter, and cur
rent and voltage sensors. The Allpro-88 
works with any IBM PC-compatible 
computer, issues complete binning 
commands to any popular device han
dler, and has software-controlled force
sense capability on every pin. Conse
quently, it is suitable for high-through
put factory applications and can make 
de parametric and functional tests in 
one insertion. Data patterns are down
loaded from any logic compiler with a 
JED EC file output. The Allpro-88 costs 
$14,950 and is available 30 days after 
receipt of an order. 

Logical Devices Inc., 1201 N. W. 65th 
PL, Ft Lauderdale, FL 33309; (305) 
974-0967. ldl;IHlli/!ll 

MAC II 1/0 BOARD OFFERS 
12-BIT RESOLUTION 
A plug-in board for the Macintosh II 
N uBus offers 12-bit, 70-kHz data acqui
sition on 16 single-ended or 8 differen
tial analog input channels. The N uCar
rier System also has 16 digital 110 
channels, two independent counter/ 
timers, and a burst generator. Users 
can software-program all NuCarrier 
functions and features and setup auto
matic channel scanning with individual 
gains on any channels and in any order. 
A MacPilot module, which plugs into a 
special connector on the NuCarrier, 
transforms the board into a bus mas-

NEW PRODUCTS 

ter. MacPilot can initiate 110 data 
transfers directly to the host RAM. 
Other modules increase the number of 
110 channels, resolution, and speed 
and add functionality . The NuCarrier 
comes with a utilities software package 
and drivers for any programming lan
guage that can access the Device Man-

ager Toolbox. The NuCarrier costs 
$995 and the MacI;'ilot Module goes for 
$695. Other 110 modules sell for $225 to 
$895, depending on functionality. 

Burr-Brown/ Intelligent Instrumenta
tion, 1141 W. Grant Rd., MS-131, Tuc
son, AZ85705,·(602) 746-1111. 

ta!ilHl#/ltl 

Programmable 
Anti-Alias Filters for 
Critical A/D Pref iltering 
848P8E Series 
are Elliptic 
lowpass filters 
providing 
extremely sharp 
roll-off for 
AID prefiltering. 

Features: 
• 8 pole, 6 zero elliptic 

lowpass filters 
• Digitally 

programmable 
corner frequency 

• Shape factor of 1 . 77 at 80db 
• 8 bit (256:1) tuning ratio 
• Internally latched control 

lines to store frequency 
selection data 

• Ideal for single or 
multi-channel applications 

• Plug in, ready to use, 
fully finished filter modules 

• Five frequency ranges to 51.2kHz 

Other Filter Products Available: 
• Linear phase • Programmable 
• Fixed frequency• Instrumentation 
• Custom designs 

For more information about 
how Frequency Devices can 
meet your most critical 
filtering requirements, call 
our applications engineers at 
508-374-0761 

CIRCLE87 
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FREOUEnCY 
DEVICES~ 

25 Locust Street 
Haverhill, MA 01830 
(508) 374-0761 

D E s I G NI 107 
AUGUST 23, 1990 



NEW PRODUCTS 

LOWER-COST DIGITAL SCOPE 
MAINTAINS HIGH-END FEATURES 

T
he model 9410 general-purpose 
digital oscilloscope features 
several capabilities not usually 
found in digital scopes in its 

price range. The unit has a 5-by-7-in., 
high-resolution (4096-by-4096-point) 
vector-scan display and an "intelli
gent" trigger system that offers pulse
width, interval-width, logic-pattern, 
state, time/event, and TV triggering. 
In addition, a credit-card memory op
tion stores up to 512 kwords of wave
forms of setups per card. 

The scope's two independent chan
nels use 8-bit ADCs. Sample rate is 100 
Msamples /s, and bandwidth is 150 
MHz. The 10-kword (16-bit) acquisition 
memory helps the scope maintain a 
high usuable bandwidth and time reso
lution. The long record length, togeth
er with a zoom function, allows expan
sion of trace segments up to 200 times, 
even for fast signals. In LeCroy's 
Fastglitch mode, the 9410 will trigger 
on glitches as narrow as 5 ns . 

Features include automatic setup, a 
380-kbyte/s GPIB and RS-232-C inter
faces, and an X-Y display. The scope 
automatically makes up to 10 parame-

GRAPHICS SPEEDS 
STIMULUS GENERATION 
An interactive graphics package, Wa
veMaker, generates stimulus and con
trol signals for use in circuit design. Us
ing WaveMaker, designers can create, 
capture, display, analyze, and modify 
digital stimulus and response data. The 
software accepts data from sources 
such as simulators, existing circuits 
and test programs, data created by the 
designer, and data generated by hard
ware modelers. It then generates input 
data for logic and fault simulators, log
ic analyzers, verification testers, VLSI 
component testers, and in-circuit or 
functional board testers. The system 
has four interactive graphics editors 
that operate on a common object-ori
ented database. These tools separate 
timing format from pattern data, mak
ing it easier for engineers to view and 
manipulate circuit behavioral informa
tion in preferred formats. WaveMaker 
will be available Sept. 1 at a cost of less 
than $10,000 each for quantities of five. 

TSSI, 8205 S. W. Creakside PL, Beaver
ton, OR 97005; (503) 643-9281. 
l/ti;&l#lftl 
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ter measurements, each updated with 
each new acquisition, on displayed, 
stored, expanded, or processed wave
forms. There's an optional firmware 
package for waveform processing and 
spectral analysis .. 

The 9410 costs $6900 and is available 
6 weeks. The optional arithmetic firm
ware package sells for $990. 

LeCroy Corp., 700 Chestnut Ridge 
Rd., Chestnut Ridge, NY 10977-
6499; (914) 578-6097. ldl;tal#Bll 
• JOHN NOVELLINO 

BUNDLED PACKAGE 
ACQUIRES DATA ON MAC 
A combined hardware and software 
package acquires up to eight channels 
of data for display on a Macintosh II 
computer. The system comprises the 
PolyGraf/8 data-acquisition card and 
the SM/8 Signal Manifold. The latter 
provides a TTL-compatible trigger in
put and transports up to eight channels 
of raw data to the Poly/Graf 8 card for 
a maximum acquisition speed of 1000 
samples/s for each of the eight chan
nels. This results in up to 8000 data 
samples being collected, displayed, and 
stored every second with no gaps in the 
collected data. Recording and examin
ing the acquired information is simpli
fied through the use of the PolyGraf 
software program, which blends the 
features found in data loggers, chart 
recorders, and VCRs to provide an intu
itive user interface designed for plug
and-play operation. A demonstration 
disk of the PolyGraf/8 system is avail
able for $10. 

World Precision Instruments, 375 
Quinnipiac Ave., New Haven, CT 
06513; r203J 469-8281. lili;MW 

DESIGN 

PORTABLE TESTER FINDS 
FAULTY WINCHESTERS 
Housed in an enclosure with dimen
sions of 2-7 /8 x 8 x 12-in., the 3000S sin
gle-port test system from FlexStar pro
vides menu-driven, simultaneous ana
log and digital parametric testing of a 
wide variety of disk drives. These in
clude any 5.25-in. or smaller Winches
ter disk drive with an ST506, ESDI, 
SCSI, or PC AT interface. The model 
3000S can be employed with any PC to 
run the same menu-driven test soft
ware used by disk-drive manufactur
ers. Testing capabilities of the single
port test system include index timing, 
seek timing, seek error rate, data error 
rate, and data-window margining with 
a 1-ns resolution and +2-ns accuracy. 
Digital surface scans can be run with 
variable-size data windows. Optional 
analog probes provide missing-pulse, 
extra-pulse, track-average-amplitude, 
and resolution tests, as well as analog 
media scans for ST506- and ESDI-inter
faced drives. The 3000S' $2995 price in
cludes tester, software, PC 1/0 card, 
cabling, and one interface set. An op
tional power supply for the 3000S and 
drive under test costs $995. 

FlexStar, 2040 Fortune Dr., Suite 101, 
San Jose , CA 95131; Mike Witte, (408) 
433-0770. l/ti;Nlli!itl 

DIAGNOSTIC SYSTEM 
HANDLES BOUNDARY SCAN 
The Advanced Support System for Em
ulation and Test (Asset) offers design
ers a simple menu-driven interface for 
the standard IEEE-1149.1 boundary
scan test structures. The Asset system 
includes a scan controller module that 
resides in the IBM PC/ AT expansion 
bus and connects to the target system 
through a cable and resynchronization 
pod. Diagnostic utilities in the software 
package include an interactive debug
ger and a waveform analyzer. Asset 
translates parallel test vectors into se
rialized form for the scan-test bus. It 
then converts the serial patterns into a 
format that's suitable for automatic 
test equipment. Since Asset is an open 
system, users can apply their own test 
vectors and programs to the target 
hardware. Alternatively, users can cre
ate new programs with a standard 
C++ compiler. Three versions of Asset 
are presently available, depending on 
the level of capability needed, and are 
priced from $7500 to $25,000. 

Texas Instruments Inc., Semiconduc
tor Group, P. 0. Box 809066, Dallas, TX 
75380-9066; (800) 336-5236 or (214) 
995-6611. litl;@l#l!hj 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

33-MHZ 486-BASED PC 
RUNS DOS, UNIX, OS/2 
Blazing along at 33 MHz, the 433E PC 
uses an Intel i486 microprocessor and is 
built according to the EISA (Extended 
Industry Standard Architecture). The 
machine is compatible with Microsoft 
DOS and OS/2 and Dell Unix System V 
(compatible with AT&T's Unix). It's 
suitable for software development, 
CAD/CAM/CAE, single and multiuser 
Unix applications, and high-end net
work-server applications. It comes 
standard with 4 Mbytes RAM, expand
able to 16 Mbytes on the board; a 16-bit 
VGA controller; a 5-114- or 3/1-2-in 
high-density disk drive; eight expan
sion slots; and one parallel and two seri
al ports. Prices start at $7899. 

Dell Computer Corp., 9505 Arboretum 
Blvd., A ustin, TX 78759,· (512) 338-
44 00. lil/;&ll!lf,I 

OPTICAL DRIVE ACCEPTS 
REWRITABLE, MEDIA 
The latest addition to a family of optical 
storage products is the Laser Drive 520 
rewritable/write-once 5-1/ 4-in. optical 
disk drive. Rewritable/write-once 
means that the drive can use either 
write-one or rewritable media. Either 
type of disk gives a maximum storage 
capacity of 654 Mbytes. The drive, with 
its 70-ms access time, automatically 
reads and deciphers the type of media 
in use, and then alerts the user about it. 
Large-quantity pricing is $2395. Avail
ability is in Sept. 

Laser Magnetic Storage International 
Co., 4425 Arrows West Dr., Colorado 
Springs, CO 80907; (719) 599-7900. 

filVIHl#lll 

UNIVERSAL PROGRAMMER 
HANDLES l·MBIT EPROMS 
16-kbit to 1-Mbit EPROMs and EE
PROMs can be programmed quickly 
with the EZ-Writer-K3. Having 32- and 
40-pin sockets, it accepts 24-, 28-, 32-, 
and 40-pin devices and programs 16-bit
wide megabit EPROMs sans personal
ity modules or adapters . 

Through front-panel keys and alpha
numeric display, users can scroll 
through menus, then execute the ap
propriate command. An expansion unit 
adapts EZ-Writer-K3 to Gang and Set 
programming for four devices. 

The programmer goes for $795. Ship-
ping is 3 to 5 days ARO. 

Bytek Corp., Instrument Systems Div., 
508 N. W. 77th St, Boca Raton, FL 
33487; (407) 994-3615. MM#ltl 

1st International Conference 
and Exhibition on Micro 
Electro, Opto, Mechanic 
Systems and Components 
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CLASSIFIEDS 

EMPLOYMENT 
OPPORTUNITIES 

Marketing Enginr lnt'I. Prov engin'ng 
suppt servs for corp mark'ing efforts 
in China. Oversees technly transfer 
to PRC industrl and oth users. Supp 
field sales offc in devel'ng/implem'ng 
markt'ng plans. Tech train of new 
prod releases to field sales offcs. 
Cond tech semnrs to cust and field 
sales persnl overseas in supp of PRC 
markt'ng . Dev engin'ng specs to 
supp industrl instrm' ion prod line 
sales within PRC. Reqs: BS in en
gin'ng + 1 yr exp in job or 1 yr exp as 
Sales/Markt'ng Enginr. Spec reqs: 1) 
Chinese lang fluency w/ abil to travel 
PRC up to 25% of time and 2)Must 
have 1 yr exp in tech engin'ng sales 
supp of process ctrl instrm'ion. 40 
hrs/wk - 8 a.m. - 5 p.m. Sal: $32,000/ 
yr. Res: ~ Department of Employment Secu
rity, 401 S. Stale Street - 3 South, Clitaco, l 
60605, Attn: Joan Sykstus, Ref. #1644-S. An 
eq>loyer-paid ad. 

Looking for 
ELECTRONICS ENGINEERS & 
ENGINEERING MANAGERS? 

150,033 
Read 

Twice Monthly 

To reach them with a 
recruitment ad in the 

Professional Opportunities 
section 

Contact: 
Penton Classifieds 
at 216-696-7000, 

ext. 2520 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

PARALLEL CPUS LET 
SERVER PACK >200 MIPS 

By moving its Sun-compatible 
system architecture into a sym
metric multiprocessing mode, 

Solbourne Computer can have up to 
eight 40-MHz Spare CPUs running in 
parallel in its Series 5E/900 Enterprise 
server. The system employs the compa
ny's latest operating system release, 
OS/SMP 4.0D, which permits tasks to 
be dynamically allocated among 1, 2, 4, 
or 8 processor cards. 

Each CPU card delivers more than Z7 
MIPS of integer and over 4 MFLOPS of 
double-precision Linpack floating
point performance, for a SPECmark 
benchmark rating of more than 19. The 
operating system distributes tasks 
evenly to ensure that performance in
creases are almost linear as new CPUs 
are added. 

The servers are available with 32 to 
256 Mbytes of RAM that communicates 
to the CPU cards over the company's 
proprietary 128- Mbyte/s K-bus. Fur
thermore, from 1 to 32 high-perfor
mance IPI disk drives, each capable of 
transferring data at 6 Mbytes/ s, can be 
attached to the system. 

When configured with one CPU, 32 
Mbytes of RAM, and one IPI disk drive, 
the rack-mountable server sells for 
$89,900. A second CPU adds $10,000 to 
the system price. An 8-CPU system 
with 256 Mbytes of RAM and 16 IPI 

IBM-COMPATIBLE CLICKER 
KEYBOARD: $39 PRICE TAG 
Adding to their Right Touch keyboard 
line, NMB Technologies ' low-cost 
"clicker" IBM-compatible keyboard 
comes in at a low price of just $39. The 
clicker keyboard, one that supplies an 
audible sound in response to key con
tact, uses long-life and high-reliability 
switches. The keyboard's cost has been 
cut by using a more powerful micropro
cessor, which eliminates the need for 
expensive peripheral components with
in the keyboard. Switch life is extended 
beyond industry norms by using a 
spring-return mechanism, rather than 
the traditional rubber boot. The keys
witches are rated to operate at up to 100 
million cycles. The $39 price tag is for 
100-piece orders. The clicker keyboard, 
with its streamline enclosure design, is 
available now from stock. 

NMB Technologies Inc., 9730 Indepen
dence Ave., Chatsworth, CA 91311; 
(818) 341-3355. lill;&l#Bll 

DESIGN 

drives sells for $605,800. 
Solbourne Computer Inc., 1900 Pike 
Rd., Longmont, CO 80501; (303) 772-
3400. IHV&llfit1 
• DAVE BURSKY 

3·1/2·IN. DRIVES 
STORE 425 MBYTES 
The ceiling on 3-1/2-in. hard-drive ca
pacity has been raised: Quantum 
Corp.'s ProDrive 425 and 330 store 425 
and 331 Mbytes of formatted data, re
spectively, and each contains an em
bedded SCSI or PC/ AT-bus controller. 
The drives, suitable for PCs or work
stations, feature average seek times of 
12 ms for read commands and less than 
14 ms for write. Data-transfer rates up 
to 5 Mbytes/s can be achieved. Self-test 
capabilities simplify incoming and 
qualification testing. Evaluation units 
of the SCSI version will be available in 
August; volume shipments are sched
uled for November. AT-bus-version 
evaluation units will be available in the 
fourth quarter. The 425 sells for $1595, 
while the 330 costs $1350, both in evalu
ation quantities. 

Quantum Corp., 1804 McCarthy Blvd., 
Milpitas, CA 95035; (408) 432-
1100. W;&f#J!J:I 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

LAPTOP PLUGS 
INTO VGA STATION 
Combining the portability of a laptop 
with the capabilities of a desktop, the 
lnterport Station and Laptop combina
tion comes with a 101-key keyboard and 
a color VGA monitor. The Station con
tains no microprocessor, but it mates 
with the Laptop portion of the system 
that houses either a 20- or 33-MHz 
80386 processor. The Station supplies 
the Laptop with communication and 
networking capabilities, additional 
hard and floppy drives, and tape or la
ser optical drives. 

The Laptop, the portable part of the 
system, easily snaps in and out of the 
Station, which resides as a deskside 
unit. But the Laptop can also operate as 
a standalone computer. It contains ei
ther a 20- or 33-MHz 80386 microproces
sor. An 80387 math coprocessor is avail
able as an option. Thus, users can carry 
their data in the laptop and, if desired, 
they can hook up to a Station at another 
location. The laptop is compatible with 
MS-DOS, OS/2, and Unix. It comes 
standard with a 3-1/2-in., 1.44-Mbyte 
floppy disk drive and a 40-Mbyte hard 
drive. The Station, available now, costs 
$5395. The Laptop will be available in 
December for $6995. 

Ogivar Technologies Inc., 7200 Route 
Transcanadienne, Ville Saint-Lau
rent, Quebec, Canada H4T 1A3; (514) 
737-3340. litl;&IWI 

HIGH-END SERVER 
SUPPORTS NETW ARE 
Although initially tuned to support No
vell 's NetWare version 2.15 running in 
native mode and NetWare 386, a high
end network server is also designed to 
be independent of specific operating 
environments. Called the Independent 
Software Platform, the machine is 
based on an 80386 processor and comes 
in two models. The ISP 30 and the ISP 
50 run at 16 and 20 MHz, respectively. 
Each comes with an optional coproces
sor. The ISP also has a three-bus archi
tecture designed to accommodate the 
heavy interrupt load that all servers 
must handle without significant degra
dation of performance. It can accom
moJate networks of between 40 and 60 
users and memory is expandable to 12 
Mbytes in the ISP 30 and to 64 Mbytes 
in the ISP 50. In addition to NetWare, 
Unisys is continuing ISP development 
for many standard operating systems. 

Unisys Corp., 2700 N. First St, San 
Jose, CA 95150;(408)434-2886. 
f&l;{Hl#~/JI 

WORKSTATION, SERVER 
YIELD 17 .8 SPECMARKS 
By running its R3000 RISC processor 
and math coprocessor at 25 MHz, MIPS 
has created both a desktop workstation 
and a file server that both deliver per
formance rated at 17.8 SPECmarks. 
(SPECmarks are the generic standard
ized benchmark ratings developed by 
the SPEC committee.) The Magnum 
3000 workstation sell for just $8990 in 
its base configuration, which include 8 
Mbytes of RAM, 3.6 MFLOPS of dou
ble-precision floating-point through
put, 17-in. monochrome monitor, key
board and mouse, serial and Ethernet 
communication ports, SCSI host adapt
er for add-on storage, and the MIPS 
RISC operating system and windowing 
software. In graphics applications, the 
workstation can also deliver top perfor
mance for X-windows-it has an 
Xstones benchmark rating of91,000; an 
8-bit color version delivers 39,000 
Xstones. The RC3230 server configura
tion contains the same CPU mother
board as the workstation. With a 200-
Mbyte disk drive, 8 Mbytes of RAM and 
the operating system software, it sells 
for $11,740. The RISC operating sys
tem software includes NFS 4.0, TCP I 
IP, and other networking protocols. 

MIPS Computer Systems Inc., 928 Ar
ques Ave., Sunnyvale, CA 94086; (408) 
120-1 100. MWl!f:U 

BOARD INTEGRATES PC 
AUDIO, GRAPHICS, VIDEO 
A single add-in board for IBM PCs and 
compatibles combines a high-fidelity 
digital stereo audio output with extend
ed VGA graphics and NTSC-compati
ble video output for interactive audio
visual and multimedia presentation 
systems. The AV-16 Audiographics 
card fits into the expansion slot of any 
IBM-AT, PS/2 model 30, or 286/386-
compatible computer. Supporting 
VGA, EGA, CGA, and Hercules graph
ics standards, the card has a 16-bit data 
path, a high-speed memory interface, 
and comes with a 1-Mbyte display buff
er RAM for display resolutions of 640 x 
480 or 800 x 600 with 256 colors, and 
1024 x 768 resolution with 16 colors. 
The board also features monaural or 
stereo playback at selectable sampling 
rates of 8, 10, 12, or 16 kHz. Audio out
puts can drive 8-ohm speakers with 250 
mW of power. The AV-16 sells for $895 
each; quantity discounts are available. 

Antex Electronics Corp., 16100 S. Fi
gueroa St, Gardena, CA 90248; (213) 
532-3092. l&l;tall!f:fl 

• 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 
Transformers, Inductors, DC-DC Conrerters 

and AC-DC Power Supplies 

453 N. MacOuesten Pl<wy. Mt. Vernon, N.Y. 10552 

Call Toll free800·431 ·1064 
IN NEW YORK CALL 914•699•5514 
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NEW PRODUCTS 

PROJECT MANAGER GETS 
POWER FROM WINDOWS 

for example, calculate task completion 
time in resource-driven applications by 
adjusting for new workers added to or 
removed from various tasks. Re
sources can also be assigned partially, 
as well as selectively level resources, to 
balance workloads across multiple pro
jects. The program also supports sub
projects. Thus large projects can be di-

A project management software pack
age-Microsoft Project for Windows
offers a graphical interface and flexi
bility for schedules and resources. 
Handling resource-driven or duration
driven scheduling, the software can, 

M YOU want Ion of othn" 
::tulomated features 

ttJ YOU want an 1'forcbble 
upgrade path 

a'.I R..1-tim< DRC, tnoo showe, --while-tnoo.. round tnang md board outlones. 
.DXF output. automatic componerH rmumbtring, and mon!' att standard in all 
ULTiboard systems. 

cD UL Tlboard's got a smooth upgrack path with a system m e-.·ery pncr range, running 
under DOS or extended memory. Choose a system to design a small board of 50 
equivaJent !C's, up to our 32-hit 386 version with unlimited design apabilities. 

ttJ And don't forget 
schematic capture .. 

c:D UL Tlcap schematic opture featuring automatic guided wiring, autom:mc juncuons, auto 
rewire after block moves, and on-line symbol creation art JUSt some of Ul Tlcap's easy
to-use aut0m:ned features. Or, use your own schematic pac:k;i.ge with Ul Tlboard's 
backannoution. 

en YOU want to find 
out more 

aJ Call Ul Tlmate Technology t0<hy for a frtt Mmodi._ and the name or the dealer 
nearest you. 

UL Tlbcurd Profe.ssional 386 
is a true 31 bit fksign Sysum; 
approx. lx faster than 16 b11 

Selttt your 
Ull1boanl 
.,,. ... &om 
thistabk:: 

Modd 
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Nr. of 16 pins 

equiv. (C's 

DESIGN 

Memory 
l"t'<jUireJ 
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vided into smaller tasks. Resource cal
endars can be defined at multiple lev
els. Schedules can be viewed in Gantt, 
Pert, and other forms, and users can 
manipulate the schedules by moving 
lines or boxes to group tasks or split off 
new tasks. Files can be saved in popular 
data format for programs. The Project
for-Windows package goes for $695. 
For a limited time, Microsoft Project 
users can upgrade for $195. 

Microsoft Corp., One Microso ft Way, 
Redmond, WA 98052; (206) 882-
8080. IHO&l#tll 

PC SOFTWARE USES 
GRAPHICS 
PC-based Viewpoint 4.0 project-man
agement software includes a graphics 
module and supports interactive plan
ning, multiple-resource allocation, re
source leveling, progress posting, mul
tiple-rate costing, and resource-con
strained schedule forecasting. The crit
ical path is automatically calculated 
and displayed in red as a project devel
ops. Users can create Gantt, PERT, 
network, profile, or hierarchical charts. 
Minimum system requirements: IBM 
AT or compatible, 640 kbytes RAM 
with 1 Mbyte of expanded memory, 
EGA monitor, mouse, and hard disk. 
Viewpoint4.0 is shipping now and costs 
$3500. 

Computer Aided Management, 1318 
Redwood Way, Suite 210, Petaluma, 
CA 94954; (800) 636-5621. 111/M/#t./:I 

REAlrTIME OPERATING 
SYSTEM RUNS ON 80386 PCS 
VRTX-PC/386, a real-time operating 
system for 80386-based PCs, takes ad
vantage of the microprocessor's pro
tected mode. Now, users can run their 
real-time multitasking applications. 
The software offers embedded system 
developers a dual-solution by allowing 
the PC to function as a software devel
opment platform and as an embedded 
computer. Users can write programs 
up to 4 Gbytes in protected mode. 

The capabilities supplied by VRTX
PC/396 include task management, in
tertask communication and synchroni
zation, memory allocation, real-time 
clock control, interrupt servicing, and 
window support. Available now, the 
software sells for $9880 for the initial 
development license with discounts for 
additional developers. 

Ready Systems, 470 Potrero Aue., Sun
nyvale, CA 94086; ( 408) 736-2600. 

lill;@l#tJ:I 



Control any 
IEEE-488 (HP-IB, GP-IB) 
device with our cards, cables, 
and software for the PC/AT/ 6, 
EISA, MicroChannel, and NuBus. 

NEW PRODUCTS 
Elimll 

MODULES TAILOR 
SWITCHING SUPPLIES 
The Moduflex M Series delivers a pow
er density of 6 W /in.a at an ambient 
temperature of 50°C. Units are avail
able with single and multiple outputs 
from 400 to 750 W. The 400- and 500-W 
supplies measure 2.5 by 5.05 by 9.00 in., 
while the 600-and 750-W models are 2.5 
by 5.20 by 9.63 in. All units incorporate 
a 120-kHz MOSFET design and cur
rent-mode control. Prices start at $478. 
Delivery takes two weeks. 

Deltron Inc., P.O. Box 1369, Wissa
hickon Ave., North Wales, PA 19454; 
(215) 699-9261. 111/;&l#tJ!I 

HIGH-VOLTAGE ARRAYS 
SUPPLY 5-V CONTROL 
Two transistor arrays, the PWR
NCH201 and PWR-NCH401, provide 5-
V control of low on-resistance, high
voltage outputs. The arrays' outputs 
can be controlled independently or com
bined to provide additional current
handling capability. The 201 is rated at 
5 n per channel, while the 401 is rated 
at 10 n. The latter comes in a 24-pin nar
row-bodied plastic DIP, while the for
mer is housed in a 16-pin batwing plas
tic DIP. Each array is available with 
breakdown voltages of 200, 300, or 400 
V. Prices range from $2.60 to $5.84 in 
lots of 100 . .__---------------1.--------------- Power Integrations Inc., 411 Clyde 

COMPACT CONVERTERS 
DELIVER 100 W 
Operating at a 200-kHz switching fre
quency, a line of single- and multiple
output de-de converters provides 100 W 
of output power from an enclosure as 
thin as 1.25 by 4.25 by 5 in. Packaging 
densities exceed 3.5 W /in.a for a full 
military unit that meets MIL-STD-
461B, CEOl, CS02, CS06, REOl, RE502, 
RSOl, and RS02 specifications. Isolated 
and fully regulated outputs of 5 to 48 V 
de are available. Efficiencies for the 
converters start at 75%. The standard 
input range is 20 to 50 V de, which is 
compliant to MllrSTD-704, Mil.rSTD-
1275, and the British standard 3G100 
for 28-V de input. Inputs of 12, 75, 95, 
150, and 300 V de are optional. 

Logitek Inc., 101 Christopher St, Ron
konkoma, NY 11779; (516) 467-

You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

Ave., Mountain View, CA 94043; (415) 
960-3572. lilO&l#t.61 

SUPPLIES GIVE POWER 
TO STD BUS CARD CAGE 
Two power supplies give STD bus card 
cages greater power to handle more 
cards, particularly in 5-1/ 4-in. floppy
disk-based systems. The 105-W PS-105 
and 160-W PS-160 each have three out
puts and a feedback network for fast 
transient response and tight regula
tion. The 12-V output has enough cur
rent to power two 5-1/ 4-in. floppy 
drives and the STD bus. Prices for the 
PS-105 and PS-160 are $260 and $395. 
Delivery is stock to 30 days. 

Computer Dynamics, 107 S. Main St, 
Greer, SC 29650; (803) 877-8700. 

lillll&l#fJ,j 

4200. lilO&l#tn ...._--------------\--.....,..-----------~ 

600-V MOSFETS HAVE 
LOW ON-RESISTANCE 
Low on-resistance makes two 600-V 
power MOSFETs particularly useful 
for European off-line (220-V ac) power 
supplies and electronic ballast (277-V 
ac) applications. The SMP7N60 offers a 
current capability of 7 A and an on-re
sis tance of only 1.1 n. The 4-A 
SMP4N60 is specified with a maximum 
on-resistance of 2.0D.. Because they 
have such low on-resistance, they run 
cooler, are more reliable, and require 
smaller heatsinks. Both devices are 
housed in T0-220 packages. Unit prices 
are $1.98 and $0.99 for the SMP7N60 
and SMP4N60, respectively, in lots of 
10,000 units. Samples are available 
from stock. Production quantities can 
be obtained in eight weeks. 

Siliconix Inc., 2201 Laure/wood Rd., 
Santa Clara,, CA 95054; (408) 988-
8000. GL'&l#UI 

DC-DC CONVERTERS HA VE 
WIDE 2:1 INPUT RANGE 
Intended for 12-, 24-, or 48-V de 
powered systems, six 30-W dual-output 
de-de converters accept any input volt
age from 9 to 18, 18 to 36, or 36 to 72 V 
de. There are two output choices for 
each of the input voltage ranges: +12 
Vat 1.25 A or ±15 Vat 1 A. The con
verters in the XW Dual series have 80-
kHz MOSFET switching and current
mode control, for efficiency ratings of 
over 85% at only 20% of full load. Line 
regulation is 0.02%, load regulation is 
0.8%, isolation voltage is 500 V de, and 
output noise is 20 m V pk-pk. Pulse-by
pulse current monitoring provides 
eight hours of short-circuit protection. 
All models are available from stock at a 
single-unit price of $165. 

Calex Manufacturing Co. Inc., 3355 

Free: 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

(~ 
Capital Equipment Corp. 
Burlington, MA. 01803 

Vincent Rd., Pleasant Hit~ CA 94523; '-----------------' 
(800J 542-3355. lilhtal#m CIRCLE84 
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NEW PRODUCTS 
16 1!.~I Qli i jj0·1I1! ~ 11j:tH1:1jt111:11 

TOOL SUITE PLACES AND ROUTES 
TRIPLE-LEVEL-METAL ASICS 

The SlrSeries of layout tools 
from Silvar-Lisco place and 
route both standard-cell and 

gate-array ASICs. SlrCell and SlrAr
ray, which layout cell-based and gate
array ASICs, are two key tool sets in 
the series. 

The SlrCell suite consists of three 
products: SC I, SC II, and SC III . SC I 
places and routes up to 5000 cells per 
level of hierarchy in two-level technolo
gy, while SC III can place and route as 
many as 20,000 cells per level of hierar
chy in four-layer technology. Although 
some tool vendors attach a sea-of-gates 
router to a standard-cell placer, Silvar
Lisco constructed a true gridless rout
er for cell-based designs. SlrCell can 
layout any combination of up to three 
metal layers. 

SlrArray is also made up of three 
products: Gards I, Gards II, and Gards 
III. The Gards products automatically 
place and route from two layers and 
15,000 gates to three layers and more 
than 300,000 gates. In addition, both 

VHDL IS BUNDLED 
IN A GRAPHICAL PACKAGE 
A graphical VHDL design environ
ment (VDE) from Intermetrics Inc. 
supplies window-based design and sim
ulation for a variety of popular plat
forms. Users can access any number of 
the environment's components at one 
time. The Design Database Manager 
lets all the tools interact, and provides 
control over the design process. VDE's 
Analyzer performs semantic and syn
tactical verification. The Simulator, 
which the company claims is up to ten 
times faster than other VHDL simula
tors, contains a source-level debugger 
and a waveform viewer. In addition, the 
Navigator brings up VHDL text for a 
model at any point in the model. Prices 
for VDE, which will be available in the 
third quarter, start at $12,000 for a one-

1221 E L E C T R 0 N I C 
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the SlrCell and the SlrArray products 
include such features as timing-driven 
layout and automatic rip-up and retry. 

The SC I, SC II, and SC III products 
cost $30,000, $60,000, and $120,000, re
spectively. Pricing for Gards I, Gards 
II, and Gards III is $45,000, $90,000, and 
$180,000, respectively. All products are 
available now. 

Silvar-Lisco, 703 E. Evelyn Ave. , 
Sunnyvale, CA 94086; (408) 991-
6000. llfli/1l#l'81 
• LISAGUNN 

year, single-user license on a Sun-3 
workstation. 

Intermetrics Inc., 733 Concord Ave., 
Cambridge, MA 02138-1002; (800) 367-
8435 or(617)661-1840. fil/;&1#01 

BUY ANALOG BEHAVIORAL 
MODELS OFF THE SHELF 
Analog Libraries Ltd. will have its first 
library of analog simulation models 
available in September. The company 
has developed three levels of behavior
al models. Level-zero models are fast 
models intended for the early phases of 
design, when what-if analysis is impor
tant. The level-one and level-two mod
els increase in accuracy and detail. For 
instance, the level-two models include 
noise data and secondary effects. In ad
dition, the company offers a custom 
modeling service, which costs between 
$500 and $5000 depending on device 
complexity and level of detail. A library 
of transmission lines and individual d-a 
converter models will be available in 
September for $800 and $300, respec
tively. A complete data-converter li
brary will be available in October for 
$1900. 

Analog Libraries Ltd., P. 0. Box 17452, 
Boulder, CO 80301; (303) 440-
3475. M&l#NI 

DESIGN 

REWORKED FRAMEWORK · 
FEATURES NEW TOOLS 
The latest version of Fujitsu Microelec
tronics' framework, ASICOpen Vl.50, 
includes the company's newest design 
tools, ZephCAD and BankCAD. Zeph
CAD is a logic synthesis tool that cre
ates CMOS, bi CMOS, and ECL circuits. 
BankCAD is a cell compiler for RAM 
and ROM. In addition to the new tools, 
version 1.50 extends some of Fujitsu's 
other internal tools, such as a wave
form test editor and graphic simulation 
analysis, to work with third-party tools . 
Some of the third-party tools that oper
ate within the ASICOpen environment 
include Cadence's Verilog simulator 
and Synopsys' Design Compiler. ASI
COpen Vl.50 will be available in the 
fourth quarter. The base price for the 
framework for each ASIC technology 
is $15,000. 

Fujitsu Microelectronics Inc., Inte
grated Circuits Div., 3545 North First 
St, San Jose, CA 95134-1804; (800) 
642-7616 or (408) 922-9000. Ul@l#l1kj 

UPGRADED PCB TOOL 
ADDS BACK-ANNOTATION 
Upgrades to the latest version of Or
cad's pc-board layout product, PCB II 
Version 2.10, include back-annotation; 
PostScript, DGIS, and IGES support; 
and expanded surface-mounted part 

support. With PCB II Version 2.10, lay
out designers can geographically re
annotate board designs using a hori
zontal or vertical priority. The informa
tion derived from the re-annotation is 
then back-annotated to the Orcad sche
matic, automating the process of up
dating schematics. In addition, Version 
2.10 includes all the features of previ
ous versions: manual and automatic 
r?uting, route and via optimization, and 
rip-and-reroute capabilities. PCB II 
Version 2.10, which is shipping now, 
costs $1495. 

Orcad, 3175 N. W. Aloclek Dr., Hills
boro, OR 97124-7135; Scott Gustaf(, 
(503) 690-9881. lill;&f#fitt 



DIRECT CONNECTION ADS 

DIRECT CONNECTION ADS 
New Products/Services Presented By The Manufacturer. 
To Advertise, Call JEANIE GRIFFIN At 201 /393-6080 

MAXIMUM 
VERSATILITY 
Minimum Size 

This 1"x3;.\'' x \12" circuit 
breaker is the 
smallest Full 
Feature Breaker 
available Panel , 
printed circuit board, 
or snap-in mount. 
Current ratings from 
0.05A to 10.00A. 100% 
tested and calibrated. 

rn~~ ~~RE9i,lf<JRs 
7400 N. Croname Rd., Chicago, IL 60648 
Phone: (708) 647-8303 Fax: (708) 647-7494 

E-T-A• CIRCUIT BREAKERS 

INTERCONNECT COMPONENTS & 
ACCESSORIES: 

CIRCLE 254 

New T-17 catalog! Specifications and photos of quality 
lines of HF, RF and Patching connectors for coax I 
twinax I triax applications. Products include in-line and 
Bulkhead jacks and plugs, patch-panels, patch-cords, 
looping-plugs, adapters, cable assemblies and acces
sories. Extensive list of cable manufacturers and their 
parameters plus a "Technical Guide" for cable selection 
is included. 
TROMPETER ELECTRONICS, INC. 31186 La Baya 
Drive, Westlake Village, CA 91362-4047. 
(818) 707-2020 • FAX: (818) 706-1040 

TROMPETER ELECTRONICS CIRCLE 257 

80 51 ,,;:a~ ~~:::;:26 
PC based emulators for the 8051 family 
I031, I032, 8051 , I052, IOC152115413211451'452/51FA/5151517/5351S371S52/ 
S.21152/151, I0532, UC4511SS21152/751/7S2/151, 1344, 17'C4511552/751n52, 
1751 , 1152, 055000 + CMOS ... -.. 

• PC plug.in boards or AS-232 box . 
• Up to 24 MHz rea1·1ime emulation . 
• Full Source-level Debugger wlcomplete C.variable support. 
• 48 bit wide, 16K deep trace, with " source line trace." 
• " Bond-out" pods for 8051, 83C552, 83C451 , 83C652, 

83C751, 80CS15/80CS17. 83C752. 

Prices: 32K Emulator 8031 $1790: 4K Trace $1495• 

CALL OR WRITE FOR FREE DEMO DISKI 
Ask abouf our demo VIDEO 

nDHau 51 E. CampbellA"""ue 
Campbell , CA 95008 
FAX (406) 378-7869 

CORPORATION (408) 866-1820 ...... 
NOHAU CORP. CIRCLE 255 

PAI/PROM Programmer Adapters 
• Any EPROM programmer designed for OIPs can be 
conwrted to accept LCC, Pl.CC, and SOIC socke1s in seconds! 
• To program, just insert an Adapt-A-Socket'" between the 
programmer's OIP socket and the circuit to be programmed. 
• Designed to fit all types of EPROM programmers, including 
Data VO 120/121A, Stag, Logical Devices, etc. 
• Quick turnaround on custom engineering services, if 
needed. For a tree catalog, contact: Hr 
Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-()66(1 FAX: 408-982-0664 
EMULATION TECHNOLOGY CIRCLE 258 

SAVE SPACE WITH Q/PAC®COMPONENTS 
• Provide built-in capacitance 
• Eliminate decoupling capacitance 
• 4-layer board quietness, 2-layer economy 
• Vertical or horizontal mounting 
Send for Rogers Q/PAC® 
Application Bulletin 
Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 

ROGERS CORP. CIRCLE 256 

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 
• Low cost 
For more info call : 1-800-426-3926 

~='=.~~=:A,.JI 
Phone: 206-827-9626 Fax: 206-827-6050 

TEL TONE CIRCLE 259 
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DIRECT CONNECTION 

Desig11: Program: 
.,... 71~ ' 

; · Industrv-standard 
language for PLDs 

~ ",:,.~·· ,. ·~ . 
.:s~L \.;....!~;..;:,.,_ .'. 

With new ABEL-PLD 
at just $895 :i: 

• 150 PLO architec
tures supported 
(over 4000 de,~ces). 

• Uses ABEL" Hard
ware Description 
Language (Al-IDL). 

Call for your FREE 
ABEL-PLO demon
stration diskette. 
1-800-247-5700 

• lnlelligenl synthesis 
and optimization. 

*U.S. list price only. 

• Upgradable Lo full 
fealured ABEL. DAm.1/0 

Corporation 

DATA 1/0 

WE'RE BENDING THE RULES 
FOR CIRCUIT DESIGNERS 

CIRCLE 260 

BEND/FLEX™, the bendable circuit board material 
that's flexible enough to bend into any multi-plane 
shape. Eliminates stiffener boards, flexible hardboard 
connectors, and may reduce the cost of two - and 
three - plane interconnection systems by as much as 
30%! 

ROGERS CORP. 
COMPOSITE MATERIALS DIVISION 
One Technology Drive, Rogers. CT 06263 
BEND{FLEX- CIRCLE 263 

SUPPRESS NOISE, 
POWER HIGH DENSITY BOARDS 
MAGNA/PAC'" components c<imbine power 
distribution and capacitance for dense boards. 
Mount MAGNA/PAC'" between rows of ICs to 
save space. 
• Effective decoupling ZIP arrays 
• Capacitance up to 3.0 µF per linear in. 
• Reduce noise over a wide frequency range 
• Equalize voltage on dense boards 
ROGERS CORP. 
2400 S. Roosevelt St., Tempe, AZ 85282 
Telephone: (602) 967-0624 
ROGERS CIRCLE 267 

12AIE L E c T 
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16L8, 20V8, 22VIO.~ I 
27C020, and 450 ~ 
other CMOS de\ ices ., 

- ,..,_ "" 

PLDs and memories 
with the low-cost 212. 

• Memory cards for 
easy updates. 

• Extensive editing 
capabi lities. 

• Compatible \\'ilh 
JEDEC standard 
programming fil es. 

Call for your FREE 
15-day trial AND 
ABEL-PLO demon
stration diskette. 
1-800-247-5700 

DAm.1/0 
Corix>ration 

DATA 1/0 CIRCLE 261 

SAMTEC OFFERS CUSTOM 
INTERCONNECT DESIGN SERVICE 
Samtec applications engineers are able to ~n special 
custom connectors to meet a variety of unique situ
ations. Special molded plastic bodies, custom connector 
assemblies, over 100 standard lead sockets, terminals 
and special custom leads are available. Custom platings 
are also available, including selective and heavy gold 
plating. 
For more information contact: 
SAMTEC, INC. 
P.O. Box 1147, New Albany, IN 47151-1147 
Telephone: 812-944-6733 
SAllTEC, INC. CIRCLE 264 

QUALITY & DEPENDABLE 
EPROM/MICRO PROGRAMMER 
• Fast PC Interface via Standard Parallel Port 
• Field Upgradable From One Model To Another 

PILOT-145 $995 

PILOT-144 $795 YES 
PILOT-143 $595 YES 
PILOT-142 $495 YES 

"GET IT FROM 
A REPUTABLE 

COMPANY" 

408·243-7000 
800-627·2456 

FAX 408·736·2503 

E~~~s E~~s 874X 875X 

YES YES YES YES 
YES YES 
YES * * 

* 
PILOT-551 $495 * YES 
PILOT-548 $495 * * * YES * 
A. ADVIN SYSTEMS INC. 
.. 1050-L East Duane Avenue • Sunnyvale. CA 94086 

ADVIN SYSTEMS CIRCLE 268 

DESIGN 

ADS 

C for the 8051 
Compare: 

Benchmark Results-Sample program: 
Eratosthenes Sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling 

FRANKLIN Archimedes 
SOFTWARE MCC51 ICC51 
C-51 v2.1 v1 .2 v2.20A 

Linkage time 6sec 9 29 
Execution time 0.88sec 9.00 11.45 

Total code size 1726bytes 3798 5318 

Compilation time 17sec 18 12 
Sieve module 541 byles 1021 736 

size 

Call now for your free DEMO disk. 

* FRANKLIN 
SOFTWARE, INC. 

888 Saratoga Ave. #2 • San Jose, CA 95129 
(408) 296-8051 ·FAX (408) 296-8061 

FRANKLIN SOFTWARE CIRCLE 262 

Tango-Schematic Series ll:M 
It simply works better. 
We listened to your suggestions and built the best in PC-based 
schematic capture. More versatile than On:AD.'" More 
fe-Jtures than Schema.'" Easier to use than 
DASH.'" Thanks to our streamlined 
interface and integrated approach, 
Tango-Schematic makes creating 
complex schematics simple. 
Compare for yourself. 

Tango-Schematic features SEDCO '" i"''lllllllllll .. ;::'! 
libraries, with over 8,000 parts guarantee<! 
for accuracy; integrated component creation; true 
ANSI/IEEE support; forward- and back-annotation; 
PostScript and DXF output; free tech support; and much more. 
It's all there for just $495-guaranteed. * FREE EVALUATION PACKAGE 
- ... 800 433-7801 6t9 554- tOOO 619 554·I019 Fa.' 

ACCEL '" Technologies • 68!5 Flanders Dri\·e • San Diego, CA 9lll l USA 
ln1erna1ional prices may \'ary. Contac1 us for the dist ributor nearest you . 

ACCEL TECHNOLOGIES CIRCLE 265 

$76.50* SINGLE-BOARD COMPUTER 
• 500 piece price, model MCV45 (shown). 
6800 MPU, serial 1/0 , parallel 1/0, RAM, EPROM, 44-
pin 4.5" x 6.5" PCB. 
EXPANSION MODULES: RAM, EPROM, CMOS 
RAM/battery, analog 1/0, serial 1/0, parallel 1/0 , 
counter/timer, IEEE-488, EPROM programmer, floppy 
disks, cassette, breadboard, keyboard/display. 
WINTEK CORPORATION, 1801 South Street, 
Lafayette, IN 47904-2993 
(317) 742-8428 or (BOO) 742-6809 
SINGLE BOARD COMPUTER CIRCLE 269 
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8051 Emulator - $1250 
d2iCE is a low cost, Full Speed, real time 8051 
Emulator .. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COMl/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 

Cybernetic Micro Systems 
PO Box 3000 • San Gregorio CA 94074 
Ph: (415) 726-3000 • Fax: (415) 726-3003 

CYBERNETIC llCRO SYSTEMS CIRCLE 270 

Cross-Assemblers .. 1ow .. $50 00 

Simulators .. 1ow .. s 100.oo 

Cross-Disassemblers .. 1ow .. s100.oo 

De~~~~!(.~~~~~es 
A New Project 

~u~~g ~~~!!f::=;"~n~~it:fYO:~~I~ full featured , 
Get It To M•rket-FAST 

gc>~J1:~ ~lte~~1:~~~ ~~.~~~~.ft~~~· Our 
No Source! 

:or::::r=:n~~~Pjn~~=;.~f:"~"~~.~~~gi~ 
original aaembty langu-oe 10Urce . 

Set To Go 
Buy our dew4oper padc:= and the next time your bou says -Get to work.•, 
you11 bo roody tor anyth "&..111y Solutlona 

~~nee~~ providing quality IOlutiona for mk:roprootssor 

BROAD RANGE OF SUPPORT 
• Currently we aupport the following mk::fC>pfootuor families (with 

more In devefopment): 
Intel 8048 RCA 1802 05 Intel 8051 lntol 8096 

=~ =::=i ~1t::W'~ 
-I 65C02 Intel eoeo 85 NSC 800 
Hitoch1Hll64180 - ola MOoo.8 olo68010 lntel80C196 
e All products require an J&f PC' or oompatibfe. 

So Whllt Are You W•ltlrig FOf? C.11 ua: 
PseudoCorp 

Prvfe.ss~='cn~~~ Group 
Newport N<,._ VA 23606 

(804) 873-1947 FAX: (804)873-2154 

PSEUOOCORP CIRCLE 273 

DASP100 

100MHz 
DATA ACQUISITION & SIGNAL PROCESSING 

* 100 MILLION SAMPLES PER SECOND 
* 256k SIGNAL MEMORY (EXPAND TO 2 MB) 
* 10 MIPS DSP (320C25) 
* EXTENSIVE HARDWARE & SOFTWARE SUPPORT 
* 3 DATA ACQUISITION MODES 
* MUL Tl-CHANNEL CAPABILITY 

ALSO ASK ABOUT OUR NEW OASP25! 
357 N. Sheridan St. #119 

~ ~ CORONA, CA 91720 
2:F;· -- (714J 734-3001 

FAX: (714) 734-4356 
SIGNATEC CIRCLE 278 

llCRO CRYSTAL DIV./SMH CIRCLE 271 

CAPTIVE 
PANEL SCREWS 

Globe Electronic Hardware's 
captive panel screws are 
available in stainless 

steel , brass or steel 
and can be finished 
to meet Mil, QQ and 
other standards in 

forty-two protective 
and decorative finishes. 
Globe, the specialists in 

custom screw machine parts, 
will also fabricate a captive 

panel screw to your specifications. 
Call , write or fax to receive Globe's 

comprehensive 204-page catalog on 
captive panel screws and our exten
sive line of electronic hardware. 

GLOBE ELECTRONIC HARDWARE 
32-02 57TH STREET • WOODSIDE, NY 11377 
(800) 221-1 505 ·NEW YORK: (718) 278-2400 
FAX: (71 8) 728-1381 

GLOBE ELECTRONIC HARDWARE CIRCLE 274 

INTERFACE 
• Dual-Redundant 
• Commercial & Militarized Versions 
• IBM PC/XT I AT /386 Half Card 
• Powerful Software With 

Window-driven User Interface 

p 
77'2fJ Arjons Drive 

San Diego, California 92126 
(619) 271-6309 • Fax (619) 271.¢34 l • BBS (619) 271.¢342 

PONSOR ENTERPRISES CIRCLE 2n 

E L E C T 

ADS 

-•. 
,,, '!I~~~"" ' !' • 

B&C MICROSYSTEMS INC. 
750 N. Pastoria Av~ Suaayvale. CA ,.._ USA 

1 
n• ~ Tll,.,(408)73-0·5511 FAJC (408)7J0.5521 

~ MICROSYSTEMS CIRCLE 275 
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TOAT-R512 TOAT-124 
Accuracy Accuracy 
(dB) (+/-dB) (dB) (+/-dB) 
0.5 0.12 1.0 0.2 
1.0 0.2 2.0 0.2 
1.5 0.32 3.0 0.4 
2.0 0.2 4.0 0.3 
2.5 0.32 5.0 0.5 
3.0 0.4 6.0 0.5 
3.5 0.52 7.0 07 

PRECISIOll 
TTL-COllTROLLED 

ATTEllUATORS 
upto35d8 

10 to 1000MHz 

Now. . .precision TTL-controlled attenuators 
accurate over 10 to 1000MHz and -55 to +100°C. 

only$5995 
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, 

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 07 
35.0 1.0 

vibration, and temperature 
stresses of MIL-STD-883. Con
nector versions are available. 
Take advantage of the $59.95 

bold faced values are individual elements in the units 

(1-9 qty) price breakthrough to stimu
late new applications as you implement 

present designs and plan future systems. 
finding new ways ... 

setting higher standards CIRCLE 129 
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1990 
LJnear Appl/cations Handbook 

A Gulde ro UnearClrcult Design 

Order Linear's Support LibraryToday. 
Monolithic Filter Handbook: 

230+ page handbook of filter applica
tion notes and data sheets to make filter 
design easier. Included with the hand
book is FilterCAD, a menu-driven 
filter design program which runs 
on IBM PCs and compatibles. This 
CAD program assists in the selection, 
design , and implementation of opti
mum switched capacitor filter circuit 
networks ($40.00). 

Linear Applications Handbook: 
928 page handbook of in-depth appli-

1 
Yes, I'd like to order the following tools: 

cation notes, ideas and design notes. 
A special feature includes 22 pages on 
SPICE macromodels ($20.00). 

Linear Databook: A 1600 page 
catalog of data sheets covering more 
than 300 devices ($10.00). 

NOISE Disk: For IBM PCs or 
compatibles. This program permits you 
to calculate circuit noise using LTC 
op amps, calculate resistor noise, and 
determine the best LTC op amp for 
best noise performance. (Free) 

SPICE Macromodel Disk: Contains 

Linear Monolithic Filter Handbook (USS40/copy) 
(Includes FilterCAD Disk) 

Copies s 

L 

Linear Application Handbook (USS20/copy) 

Linear Databook (USSIO/copy) 

NOISE Disk 

SPICE Macromodel Disk (I ncludes application note) 

Name T itle 

Company MI S 

Add ress 

City State 

Phone 

Copies s 
Copies s 

No charge 

No charge 

Total s 

Zip 

Mai l orders require 6-8 weeks. Mai l order form and remiuance to Linear Technology 
Corporation. 1630 McCarthy Blvd .. Mi lpitas. CA 95035 . Attn : Communications Dept. 

CIRCLE 120 

the LTC SPICE macromodel op amp 
library for circuit simulations. These 
hand-tailored models provide a good 
trade-off between actual device char
acteristics and fast simulation speed. 
Includes over SO models and a working 
version of PSPICE™ by MicroSim. 
(Free) 

Order by phone or use the coupon 
below. Visa/ MasterCard accepted. 
Contact Linear Technology Corporation, 
1630 McCarthy Blvd. , Milpitas, CA 
95035. Order by phone : 800-637-5545. 

Save time. Order by phone: 800·637-5545 

Please bill my Visa __ or MasterCard __ 

Account #-----------

Expiration Date ________ _ 

Signature of Card holder 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

I 

_J 
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