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Who says you can't afford the 
world's best PLD development tools? 
Data I/O®'s industry-standard design 
software and programming solutions 
are more powerful -and more 
affordable-than ever before. So now 
the best tools on the market are also 
the best value. 

NEW ABEL™-4 marks a major 
milestone in PLD software. The 
leader in device support, ABEL-4 
automatically identifies which PLDs 
match your design needs with 
new SmartPart ™ intelligent device 
selection. New optional device fitters 
automatically assign pins and 

configure macrocells for complex 
device architectures. And an all-new 
user interface speeds the entire PLD 
design process. 

A major new version of the leading 
schematic capture software, NEW 
FutureNet®-5, redefines "ease-of-use" 
with pop-up menus, extensive dialog 
boxes and a fast symbol browsing 
feature. 

To make designing for testability 
practical, choose NEW PLDgrade:"M 
This inexpensive fault grading 
software helps you optimize your 
design for testability before 
production. 

Data 110Corporation10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881 -6444 
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© 1991 Data 110 Corpora t ion 

And the affordable NIW 2900 
Programming System brings the cost 
of high-performance programming 
down to earth. Its innovative 
technology makes programming any 
PLD-even surface-mount devices­
fast and easy. 

CALL TODAY for your 
FREE tutorial on 
designing with PLDs­
a $12.95 value. 

1-800M3-Datal0 
(1-800-332-8246) 

The Personal Silicon Experts 

Corporation 



No two • 

While HP's high-perlormance 
plastic optocouplers may all look 
alike, the similarity is only skin 
deep. 

Because as the largest optoelectronic 
supplier in the U.S. and one of the 
world's leading suppliers of opto­
couplers, we can actually offer you 
five completely different lines of 
plastic devices with an equally 
wide range of performance options. 

Such as an innovative dual-channel 
design that combines a photon­
emitting diode with a high-speed 

CG08907A 

photon detector to produce data 
rates up to 40 MBd. 

You also get high-output gain from 
low-input current or high-speed 
logic gates. Wide V cc from 4.5 to 20 
volts. And a unique AC/DC interlace. 

Plus, they're compatible with TTL, 
STTL, LSTTL, and, in many cases, 
CMOS logic families. 

All of which makes HP's opto­
couplers the ideal solution for 
problems caused by ground loops 
and induced common mode noise. 

CIRCLE 254 FOR U.S. RESPONSE 
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No wonder HP sets the standard 
for quality, reliability, and innova­
tion. To find out more about HP's 
optocouplers, call 1-800-752-0900, 
ext. 2324. You 'II soon see why 
theres nothing quite like working 
with the best. 

There is a better way. 

F'f/09 HEWLETT 
~e.a PACKARD 
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Somemightcallit BAmRYLirE INHouRSo 1 2 3 4 5 6 25%fasterthanthe 
sleeping on the job.We call Am386SXL@25Mhz ~iiiiiiliii~ililiia.i=-s.stttS i386SX-20. while our 
it true static operation- Am386DXL@ 33 Mhz 4.5tttS

1 

Am386DXL-40 CPU boasts 
and that's how the low Intel iJS6SL@ 20 Mhz '"'""--Z--.:r""T"- a 40MHz clock speed. 
power Am386 micro- Intel iJS6SX"@20 Mhz ~r--r- Because Am386 micro-
processors use a full 35% processors are truly static. 
less power than the other so-called low power you can configure your system to literally stop 
386 at any sustained clock speed. the clock and save power when the processor 

They're not only the most efficient 386s is idle. Even between keystrokes. 
on the planet. they're also the fastest. Our Which means you get maximum battery life. 
Am386SXL-25 CPU clocks in at 25MHz. with no performance compromise. Up to 2 
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hours and 45 minutes (100%) longer battery 
life than the i386SX-20. Or 2 hours (57%) longer 
than the i386SL-20. 

The Am386SXL-25 and Am386DXL-33 
microprocessors are available now in POFP 
packages for the most compact notebook and 
palmtop designs ever. Our Am386DXL-40 
CPU is available in standard PGA. Better still. 
they're now shipping in quantity 

So if you want longer battery life from your 
next design, it's time to retire that old 386. 

Call 1~800~222 ~9323. And rest easy with a 
low power Am386 microprocessor. 

~ 
Advanced Micro Devices 

'Were Not Your Competition~' 
901 Thompson Place. P.O. Box 34·53. Sunnyvale. CA 94088. 0 199 1 Advanced Micro Devices. Inc. 

Am386 is a trademark of Advanced Micro Devices. Inc.All brand or product names 
mentioned are trademarks or registered trademarks of thei r respective holders. •Battery life for 

i386SX based on benchmarks provided by PC Magazine. March 12. 1991 .All other 
compari sons based on engineering analysis emulating typical usage. 
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TECHNOLOGY 43 ESSCIRC TAKES A FORWARD LOOK AT IC TECHNOLOGY 
ANALYSIS The annual European Solid State Circuits Conference in Milan examines 

global IC advances. 

COVER 53 MULTIMEDIA CODEC CHIP ADDS VOICE AND MUSIC 
FEATURE Codec teams delta-sigma converters with DSP to shuttle stereo sound 

between multimedia peripherals. 

ELECTRONIC 6312-BIT DACS TAKE ON A NEW LOOK 
DESIGN REPORT Ubiquitous 12-bit DACs undergo change to meet user needs. 

DESIGN 91 GUIDE TO DESIGNING WITH HIGH-SPEED CMOS ICS 
APPLICATIONS Designers need to know how to deal with CM OS's input impedance and fast 

switching. 

PRODUCT 159 ASIC PUSHES LASER PRINTER TO ITS LIMIT 
INNOVATIONS Hardware eliminates bottleneck associated with laser printers to pump out 

7500+ CPS. 

163 BUILD MIXED-SIGNAL ASICS WITHOUT ANALOG CELLS 
A suite of CAE tools helps digital designers create mixed-signal ASICs sport­
ing on-chip test of analog circuits. 

167 50-MHZ DSO MELDS WITH FULL-FEATURE DMM 
A low-cost dual-channel digital storage oscilloscope with a DMM and a limit­
ed-function signal source offers much power. 

169 OPTOCOUPLER ZIPS ALONG AT 50-MBAUD DATA RATE 
Unique design combines electrical isolation with precision pulse edges. 
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HFA-0002. 

CA-3080. 

HFA-0005. 
Ultra high speed in 
a monolithic 
design. 420 V/µs 
slew rate. 300 MHz 
bandwidth. 

How about an 
operational 
transconductance 
amplifier? 
Harris has it. And 
it's a low-cost 
building block for 
high-speed systems. 

Widely used for 
wideband appli­
cations, this 
monolithic features 
just 2. 7 n V/rt Hz 
input voltage noise. 

HA-5033. 
Buffering video has 
never been easier. 
Thanks toa 
1300 V/µs slew 
rate, excellent 
differential phase 
and gain. 

HA-2548. 

HFA-0001. 
This op really ho~s. 
Cause it's the 
world's fastest 
monolithic op amp. 
With 1000 V/µs 
slew rate, 350 MHz 
bandwidth. 

HA-2444. 
A mux and 4 video 
op amps in a 
single chip. Ideal 
for digitally 
selectable 
4-channel video. 

This wideband 
precision op amp 
features 0.2 m V 
input offset voltage 
and 5 nA input 
bias current. 

From ops that really hop, 
to ops at low cost, nobody 
gives you more op amps to 
choose from than Harris. 

Where else could you get 
the fastest monolithic op 
amps in the world? 

CA-3246. 
ThisNPN 
transistor array 
covers a wide array 
of applications -
all the way from 
DC to 1.5 GHz. 

HA-5020. 
Our low-cost 
version of the 
E/2020, but 
enhanced to give 
you a full 100 MHz 
bandwidth. 

Over 35 op amps with 
bandwidth greater than 
10 megahertz? 

Or 35 amps available 
in SOIC, as well as all the 
usual types and styles 
of packages? 



HA-5104 QUAD. 
The synthesis of 
high performance 
and low noise in 
one op amp. This 
quad gives you 
4.3 n V/rt Hz input 
voltage noise. 

HA-5221. 
To be precise, 
there's no more 
precise 35 MHz 
op amp.Just 
3.4 n V/rt Hz input 
noise voltage. Just 
0.5 µVIC° offset 
voltage drift. 

HA-5222. 
What's better than 
an HA-5221? Two 
of them in one 
convenient package. 
Same low noise. 
Same low offset 
voltage drift. 

you drop. 
Even processes from 

bipolar to CMOS to the 
best of both, BiCMOS? 

There's only one 
semiconductor company 
in the world that gives you 
all this. And that's Harris. 

And there's only one 
number to call to find out 
more. 1-800-4-~S. 
extension 1150. 
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CA-5470. 

HA-5004. 
AlOOMHz 
current feedback 
amplifier with 
output current 
that's ultra-high: 
±lOOmA. 

Low in cost, high 
in performance. 
This quad amp 
combo takes a 
single supply 
voltage from 3 
to 16 V. 



ANCOT's SCSI instruments are powerful, easier to use, and cost less. Proven 
in use worldwide, Ancot's portable equipment travels from bench to field and back 
again without ever slowing down. They are time and labor saving instruments, for 
design, manufacturing, repairing, and inspection applications. 
Call today for product data sheets, demo disc, or to make arrangements for a free 
evaluation unit in your facility. -:.et[ 

4151 322
_
5322 

[ A. N C CJ T ] fax: (415) 322-0455 
c o R P o R A T 1 o N 115 Constitution Drive 

Menlo Park, CA 94025 
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Check-0ut the new HPR7XX Power Convertible. If is unbelievably small and sleek 

with 5 Watts of i~lated 

output power. Thjs is a 

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

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

The HPR7X:X is no big ticket itc:m either. Jt is priced less than DC/DC Conveners 
twice it 's size and with less output power capacity - only $20 in O.E.M. quantities. 

This high-performance model drives as great as it looks with an efficiency rating of SO°A.. 
Take it for a spin, you will have no trouble finding a parking spot on your board. 

For the dealer near you: 
Call 1-800-548-6132 
Fax l-0<!2-74 1-3895 
Write P.O. Box I 1400 Tucson, AZ 85734 

CIRCLE 264 FOR U.S. RESPONSE 
CIRCLE 265 FOR RESPONSE OUTSIDE THE U.S. 

BURR-BROWN® 

1313 
our Partner in Quality 

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 Maliniak 
Computer Systems: Richard Nass 
Semiconductors: Dave Bursky (San Jose) 
Test & Measurement: John Novellino 

News Editor: Sherrie Van Tyle 

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

Chief Copy Editor: Roger Engelke, Jr. 

Contributing Editors: 
Ron Kmetovicz, Robert A. Pease 

Editorial Production Manager: 
Lisa Iarkowski 

Associate Art Director: Tony Vitolo 

Staff Artist/Designer: Tom Pennella 

Editorial Support Supervisor: Mary James 

Editorial Assistant: Ann Kunzweiler 

Editorial Secretary: Bradie Guerrero 

Editorial Offices: (201) 393-6262 

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

Production Manager: Michael McCabe 
Production Assistants: 
Donna Marie Bright, Lucrezia Hlavaty, 
Eileen Slavinsky 

Circulation Manager: Robert Clark 

Promotion Manager: Clifford Meth 

Reprints: Helen Ryan 1-800-835-7746 

Group Art Director: Peter K. Jeziorski 

Computer Systems Administrator: 
Anne Gilio Turtoro 

Published by Penton Publishing 
Vice President-Editorial: Perry Pascarella 

Publisher: Paul C. Mazzacano 

ll)E L E C T R 0 N I C 

SEPTEMBER 12, 1991 

DESIGN 



Novv catch the bugs that defy logic. 

LOCKUP 

PARITY 

ERROR 

The HP16500A logic anal­
ysis system shows what's 
bothering your designs. 
Power up a new design and 
you're in for a battle. That's when 
you need the HP 16500A logic 
analysis system. With one modu­
lar system, you can focus mea­
surement power on those press-

INCORRECT 

R EGISTER 

VALUE 

UNEXPECTED 

EXCEPTION 

ing problems. Before things get 
out of hand. 

Choose from a wide range of 
modules. The state/timing mod­
ule provides advanced capabili­
ties, including 100 MHz state 
speed for debugging RISC and 
high-end CISC processors. 
There's a 1 GSa/s scope for sin­
gle-shot troubleshooting. A 1 GHz 
timing module for precision time­
interval measurements. And pat­
tern generation for functional 
testing. 

And you get the industry's broad­
est microprocessor and bus sup­
port ... more than 100 solutions to 
speed and simplify debugging of 
virtually any microprocessor 
based design. Plus an intuitive 

RANDOM 
OUTPUT 

J 

REPEATING 

RESET 

full-color, touch-screen interface 
to make setup and operation easi­
er too. 

So take control of the debugging 
process. Call l -800-452-4844. 
Ask for Ext.2601 and we'll send 
a brochure on the analysis system 
that can catch the toughest bugs 
before they start bothering you. 

There is a better way. 

Ff/0- HEWLETT 
~~ PACKARD 

* In Canada call 1-800-387-3867, Dept. 429. 
©1991 Hewlett-Packard Co. TMCOLI23'ED 
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The Elegance Inside The HP LaserJet IIISi™ Printer: 
The 29K™ RISC Microprocessor Family. 

HP's customers were on the prowl. 
And Hewlett-Packard knew exactly 

what they were hunting for-a faster. 
PCL5 and PostScript"compatible. 
affordable desktop laser printer. 

So they built the HP LaserJet III Si printer. And 
naturally, they built it around the most versatile. 
high performance embedded RJSC processor ever: 

The 29K™ 32-bit microprocessor from AMO. 
Only the 29K Family gives you the widest 

range of performance- thanks to its innovative 
register file and high-velocity memory interface. 
That's how HP achieves its blistering 17 page-per­
minute throughput. even with complex PCL5 and 
Postscript documents. 

Only the 29K Family keeps your system costs 



low. while keeping performance high. Features 
like AMD's unique on-chip caches and burst 
mode give you maximum performance from less 
expensive memory 

Only the 29K Family helps bring your product 
to market so fast. You'll breeze through develop­
ment with AM D's own tools. or the hardware and 
software tools provided by over 50 Fusion29KSM 
Partners. And the 29K Family continues to grow. 
with new members offering even higher perform­
ance and integration. 

me rs. 

,,... 

So make sure your customers are happy 
puppies. and start designing with the 29K Family 
from AMO. Call 1 ~800~292~9263 Ext.3 for 
more information. 

~ 
Advanced Micro Devices 

901 Thompson Place. P.O. Box 3453. Sunnyvale. CA 94088. 0 1991 Advanced Micro Devices. Inc. 
29K is a trademarkand Fusion29K is a servicemark of Advanced Micro Devices. 

LaserJet JllSi is a trademark of Hewlett-Packard Co. PostScript is a registered trademark of 
Adobe Systems, Inc. All other brand or product names are trademarks or registered trademarks 

of their respective holders. 
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IN MEMORY MO 
CROSSOVER HAS J 

You've heard the old 

saying, "we'll cross that 

bridge when we come to it." 

Well, we have. 

Cost crossover today 

makes 4-meg DRAMs 

more economical per bit 

than 1-meg DRAMs. And 

given all the benefits in 

reliability and board real 

estate, that's good news. 

MEMORY MODULES 
$ 

COST 
PER 
BIT i IMEG 

CROSSOVER 

'88 '89 '90 '91 '92 

People are lining up to 

take advantage of it. 

One specific advantage 

is in memory modules . 

Samsung 4-meg-based 

modules are actually 

more cost-effective today 

than their 1-meg-based 

counterparts. 

All the modules listed 

here have reliability specs 

based on 600 temperature 

cycles (0-125°C) and 500 

hours (85°C, 85 % RH). 

Available features include 

70, 80, and 100 ns access 



ULES* COST· PER· BIT 
UST BEEN COMPLETED. 

times, fast page mode, 

low-power versions, gold 

lead finish, and customer­

specific labeling. 

8 

8 

8 

SAMSUNG MEMORY MODULES 
BASED ON 4·MEG DRAM1 

Part Numhtr Organi:atiofl 

KMM58IOOOAN IM x 8 

KMM59 I OOOAN IM x 9 

KM M 584000A 4M x 8 

KMM594000A 4M x 9 

KM M 532 I OOOA IM x 32 

KMM533 IOOOA IM x 33 

KMM536IOOOA IM x 36 

KMM5322000A 2M x 32 

KMM5332000A 2M x 33 

KMM5362000A 2M x 36 

Samsung is one of the 

world's leading manufact­

urers of both DRAMs 

and memory modules . 

Our outstanding quality, 

reliability, and availability 

have helped us gain this 

leading position . 

For data sheets on 

our 4-meg DRAMs and 

4 -meg-based modules, 

call 1-800-423-7364 or 

(408) 954-7229 today. Or 

write to Memory Module 

Marketing, Samsung Semi­

conductor, 3725 No. First 

St., San Jose, CA 95134 . 

c8 SAMSUNG 

Technology that work.:J f or Life. 



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 
.-i . · ; can't give you the 

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

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

accel/decel, 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 I/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 

THE U.S. PICTURE LOOKS BRIGHTER 

P 
reviously, at this time of year, we've commented on the annual "back 
to school" ritual. September always feels more like a time for begin­
nings and optimism, rather than, say, January. Apropos of that 
feeling, T.J. Rodgers, president and CEO of Cypress Semiconductor 

Corp., SanJ ose, earlier this summer offered a wide-ranging analysis of the semi­
conductor industry's problems in a statement to the House Subcommittee on 
Technology and Competitiveness. Rodgers, an outspoken critic of any direct in­
volvement in the semiconductor industry by government-such as Sematech­
maintained that "The American chip industry is quite healthy right now," 
adding that America's slide began in 1979 and ended in 1985. 

Citing industry-watcher Dataquest' s figures, Rodgers notes that 
between 1982 and 1989, a 37-point reversal apparently occurred in market 
share between Japan and the United States-Japan's share went up from 
34% to 52%, while the U.S. slipped from 54%to 35%. However, he feels those 
troubling figures tend to obscure the picture. The dramatic market-share 
reversal is based on nominal revenues rather than volumes. "The figures 
reflect currency exchange rates more than they do underlying competitive 
strength," he says. 

Rodgers points out that if a constant yen-dollar exchange rate is used for the 
1982-89 year span, the trend looks much less dire. In 1982, the rate was 249 yen 
to the dollar; in 1989, it was 138; and in 1990, it was 144 (at present time, the rate 
is about 137). Using the 1990 rate, he calculates thatJ apan held 4 7% of the world 
semiconductor market in 1982 while the United States held 43.5%; in 1989, the 
Japanese share was 51% while the U.S. share was 36%. In other words, 
according to Rodgers, 25 points of the 37-point market-share reversal cited by 
the "doom and gloom" school reflect currency fluctuations rather than true com­
petitiveness. "These adjusted trends are nothing to celebrate," he adds, "but 
they offer a less distorted picture than the nominal statistics." He also argued 
that Japan has gained no ground on the U.S. in semiconductors since 1987: 
Japan's worldwide market share has hovered within 2 points of 50%, while the 
U.S.'s has hovered within 2 points of37%. 

Furthermore, Rodgers stated that innovative American companies lead 
when it comes to specialized logic chips, such as math, digital-signal, and video 
processors. He feels the U.S. is right where it should be-dominating the high­
value, high-margin, innovation-driven parts of the business. 

Rodgers had much more to say about Sematech, deficit government spending, 
the current tax system, and the like. But for 
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now, let's kick off the new school year 
with his somewhat upbeat perspective 
on recent history. 

Editor-in-Chief 

DESIGN 



,,., 
ABSORPTIVE ••• REfLICllVE 

f1nd1ng new ways .. 
setting higher standards 

de to 4.6GHz trom$23~4) 
Tough enough to pass stringent MIL-STD-883 vibration , shock, thermal 
shock, fine and gross leak tests ... useable to 6G Hz ... 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 $23.95, and the KSWA-2-46, at $33.95, 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-lOOOMHz 
1- 4.6GHz 

ISOLATION (dB) 
dc-200MHz 

200-1 OOOMHz 
1- 4.6GHz 

VSWR (typ) ON 
OFF 

SW. SPEED (nsec) 
rise or fall time 

MAX RF INPUT 
(bBm) 

up to 500MHz 
above 500MHz 

dc-4.6 GHz 

typ 
0.9 
1.0 
1.3 

typ 
60 
45 
30 

1.3:1 

2(typ) 

+17 
+27 

max 
1.1 
1.3 
1.7 

min 
50 
40 
23 

- SV on, OVoff 

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 
1.4 

3(typ) 

+17 
+27 

-8Von, OV off 

0 MiniA~~!.~.~!!~~0! 
CONTROL VOLT. 

OPER / STOR TEMP. 

PRICE (10-24) 

-55° to +125°C -55° to +125°C 

$23.95 $33.95 
$69.95 $79.95 

P.O. Box 350166, Brooklyn , New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Telexes: 6852844 or 620156 

CIRCLE 170 FOR U.S. RESPONSE 
C 117 REV.H 

CIRCLE 171 FOR RESPONSE OUTSIDE THE U.S. 



OU ave to 
to 

ThenewTekTDS Series 
More than a million Tektronix oscillo­

scopes have all been leading up to this: 

the most powerful, versatile, and intui­

tive instruments ever developed for the 

mainstream of test and measurement. 

The new IDS 500 Series is the culmi­

nation of everything Tek has learned in 

the design, manufacture and use of digitiz­

ing oscilloscopes. It's an achievement 

made possible only by the unique integra­

tion of acquisition functions and combina­

tional trigger logic onto a single board. 

Only by the development of a 

milestone multiprocessor 

architecture. 

Only by the addi­

tion of Tek's TriStar™ 

Digital Signal Processor (DSP). 

Only by Tek's capacity for taking 

the hard work out of high performance. 

The TDS Series performs, live, up-

Copyrighl © 1991 , Tck~onix. Inc . All righlS reserved. 

dates and measurements that inhibit 

most other digitizing scopes. Its real-

time DSP lets you perform single-shot 

averaging and extend resolution to 12 

bits. The IDS Series arms you with up to 

four full-featured channels. 500 MHz 

bandwidth. Up to l GS/s sam­

pling and 4 ns peak detect. 

Up to SOK record 

lengths. Time interval, 

2 ns glitch, runt, pattern and 

state triggers. With acquisition sensi­

tivity and fast overdrive recovery bringing 

greater waveform detail within your grasp. 

• 

• 
a 

·us1 

And if you think oscilloscopes aren't 

as easy to use and comprehend as they 



• • 

• 
one 

could be, you owe yourself a demo of 

the TDS. Its simplified front panel, 

VGA-quality display resolution, on-line 

help text, innovative icons that instantly 

differentiate menu functions - all add up 

to a scope that makes the user's manual 

more a formality than a necessity. 

• 

• 

The TDS Series signals the start of a 

new generation of friendlier, more 
CIRCLE 228 FOR U.S. RESPONSE 

CIRCLE 229 FOR RESPONSE OUTSIDE THE U.S. 

One company measures up. 

lekl:ronix® 
OOMMITTBJ TO EXCEllENCE 

powerful instruments from the 

world's leading supplier of digitizing 

and analog oscilloscopes. To get a first­

hand feel for why perfonnance like this 

only comes along about once in a million 

scopes, contact your Tek sales engineer 

or call 1-800-426-2200. 

55A-186067 



SCHEMA Ill 
3 reasons why SCHEMA Ill is 

the schematic capture 
software for you 

"It keeps me on the 
drawing sheet.• 

Unlike other products in its class, 
SCHEMA's design & unique two 
level menu allows you to browse 
libraries, create parts, report, 
change libraries, and more without 
leaving the drawing sheet. 

II "It compiles changes 
quickly and efficiently.• 

SCHEMA's unique, unlimited 
design size processor recompiles 
only the parts of the drawing which 
were changed. 

"I don't need to use the 
manual." 

With online, context sensitive help 
messages, you won't spend your 
time looking through a reference 
manual. Using the quick start 
tutorials, you'll learn to be an expert 
in no time. 

If you want to save time and money 
creating your designs, take a look at 
SCHEMA Ill FREE! Call us toll free 
or write to us directly and we'll send 
you a SCHEMA Ill evaluation 
system at no charge, no strings 
attached. Buy the package and 
we'll give you an unconditional 30 
day money back guarantee and 
free 1-800 user support. 

See for yourself today why 
SCHEMA is used in over half of the 
Fortune 500 companies! Operates 
on any IBM or compatible PC. Still 
only$ 495! 

OMATION * 801 Presidential Dr. * 
Richardson, Texas 75081 * (800) 
553-9119 * FAX (214) 783-907 
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TECHNOLOGY BRIEFING 

PRODUCTION TECHNOLOGY. A GLOBAL VISTA 

F 
rom November 12to16, Munich, Germany, 
will again host one of the world's biggest 
production-technology shows-Produc­
tronica. More than 1600 exhibiting firms 

from over 25 countries will display their wares at the 
Bavarian capital. An estimated 80,000 visitors from 
around the world will have the chance to listen to 
technical-paper presentations and roam the 20-odd 
exhibit halls on Munich's sprawling fairgrounds . The 
biennial show provides an excellent view of the cur­
rent trends and future outlook for the systems, tools, 
and materials needed to fabricate, assemble, and test 
microelectronic components, pc boards, and hybrid JOHN GOSCH 
integrated circuits. Here are a few of those trends, FIELD EDITOR 

based on pre-show interviews with some of the leading Productronica 
exhibitors: 

In semiconductor-device manufacture, semiconductor-processing experts 
once felt that 64-Mbit DRAMs would require a new technology during the 
1990s, with X-ray lithography the best candidate because of its shorter-than­
light wavelengths. Ten years ago, 0.8 µm was considered t he limit for 
photolithography. 

However, announcements set for this year's show indicate that photolithog­
raphy will continue to play a dominant role in producing chips in volume quan­
tities. The experts now seem convinced that photolithography will hold its 
ground at least until the turn of the century. Today, 64-Mbit DRAMs are being 
made with "conventional" photolithography. For this process, engineers use 
phase shifting, a clever technique that's still difficult to employ in mass pro­
duction. Combined with the shorter wavelengths of laser-generated ultravio­
let light and better demagnification lenses and photosensitive materials, the 
technique should make it possible to eventually fabricate circuits with 0.2-µm, 
or even 0.1-µm, line spacing. 

Automatic test equipment is of growing concern for both makers and 
users of semiconductor devices. Though past emphasis in ATE develop­
ment was on software, the focus has now shifted to equipment that helps 
cut the error rate in components production. ATE will become an integrated 
part of a device production process, rather than being misused as a tool for 
merely determining device output. As for board testers, the demand is for 
simpler operation and for systems that can cope with t he growing diversity 
of pc boards. Users are apt to fall back more and more on in-circuit testers 
that allow fast programming, whereas function testers will be used only in 
exceptional cases. In logic testers, a technological transition is taking place, 
as speeds of 100 MHz are no longer adequate and device pin counts up to 
512 aren't unusual. 

According to industry analysts, surface-mounting technology is now ac­
celerating toward use of ASICs, multichip modules, and tape-automated 
bonding. In addition, image processing and visual display systems are tak­
ing over jobs in the surface-mounting assembly process, including place­
ment, screen printing, soldering, and repair. Furthermore, continued ef­
forts in standardization, such as a common soldering standard, should result 
in greater use of surface-mounting technology in military and aerospace 
applications. 

Experts anticipate continued problems with cleaning equipment and mate­
rials until the electronics industry agrees to use environmentally safe solvents 
and non-corrosive fluxes, as well as soldering pastes that don't require clean­
ing. But it's also likely that soldering technology itself will speed the trend to 
environmental safety, with flux systems using convection or infrared heating 
in an inert-gas atmosphere. 
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Delta-Sigma Self-Calibration 

Don't miss 
the world's best 

A/D & DI A Converter 
Seminar 

8 to 24 bits de to 4 MHz 
*Delta Sigma DAC Live Demonstrations Weigh Scales Image Processing 

*Application Schematics Latest Data Sheets Medical Military 

*AES/EBU/SPDIF Tx & Rx Anti-Aliasing Digital Audio Instrumentation 

*Board Layout Grounding Industrial Control Space 

*1.5 mW, 20 bit ADC Test Techniques Seismic Modems 

* New this year. 

AL Huntsvi lle Jan 23 Palo Alto Sep 11 MI Detroit Oct 14 OR Portland Oct 9 
ALB Calgary Sep 4 Newark Sep 10 Grand Rapids Oct 15 Portland Mar4 

Edmonton Sep 5 co Denver Oct II MN Minneapolis Oct 16 PA Ft. Washington Jan 15 
AZ Phoenix Jan 30 CT Waterbury Oct22 MO St. Louis Oct 18 Pittsburg Feb7 

Tucson Jan 29 FL Clearwater Feb 19 NC Raleigh Jan 21 QBC Montreal Sep 25 
BC Vancouver Sep 6 Ft. Lauderdale Feb 20 NH Nashua Oct24 TX Austin Feb II 
CA Los Angeles Feb26 Orlando Feb 18 NJ Cherry Hill Jan 14 Dallas Feb 13 

Los Angeles Sep 19 GA Atlanta Jan 22 Saddlebrook Nov21 Houston Feb 12 
San Diego Jan 28 IA Cedar Rapids Oct 17 NM Albuquerque Jan 31 UT Salt Lake City Oct IO 
San Fernando Feb 27 IL Arlington Hts. Nov 7 NY Buffalo Nov 18 VA Falls Church Jan 17 
San Fernando Sep 17 Oakbrook Nov 8 Long Island Nov 22 WA Seattle Oct8 
San Gabriel Sep 18 IN Fort Wayne Feb4 Rochester Nov 19 Seattle Mar 5 
San Jose Sep 12 MA Andover Oct 24 Syracuse Nov 20 WI Madison Nov 6 
San Jose Mar3 Boxborough Oct 23 OH Cleveland Feb 6 Milwaukee Nov 5 
Santa Barbara Sep 13 Newton Oct23 Columbus Feb 5 
Orange County Sep 20 MD Baltimore Jan 16 ONT Ottawa Sep 27 Sept, Oct, Nov dates are 1991 
Orange County Feb 25 Toronto Sep 26 Jan, Feb, Mar dates are 1992 

CALL CRYSTAL SEMICONDUCTOR TODAY FOR RESERVATIONS 

., .... i/191 i/191 Jl9 • 

1-800-888-5016 . .., ...... . ..... .,,., ... ... 512-445-7222 
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Over 50 off-the-shelf models ... 

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

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

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

T, TH, TI 
bent lead version 

style X 65 

·uni ls are nol OPL I isled case styles 
T, TH, case W 38, X 65 benl lead version, KK81 benl lead version 

finding new ways ... 
setting higher standards 

0 Mini•~0~0~0~0!!~i~ 
P.O. Box 350166, Brooklyn, New York 11 235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

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

NSN GUIDE 
MCL NO. NSN 
FTBl - 1- 75 5950-01-132-8034 
Fl B 1-6 5950-01-225-8773 
Tl - 1 5950-10- 128-37 45 
Tl - lT 5950-01 -153-0668 
T2- 1 5950-01 - 106- 1218 
T3- 1T 5950-01- 153-0298 
T4- 1 5950-01-024-7626 
T9-1 5950-01 - 1 05-81 53 
Tl 6- 1 5950-01 -094-7439 
TM01 - 1 5950-01 -178-2612 

MCLNO. 
TM02- 1 
TM0 2.5-6 
TM02.5-6T 
TM03- 1T 
TM04- 1 
TM04- 2 
TM04- 6 
TM05- 1T 
TM09- 1 
TM0 16- 1 

NSN 
5950-01 - 183-6414 
5950-01 -215-4038 
5950-01 - 215-8697 
5950-01 - 168-7512 
5950-01 -067- 1012 
5950-01 -091 -3553 
5950- 01 - 132-8102 
5950- 01 - 183-0779 
5950-01-141 -0174 
5950-01 - 138-4593 



I 

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

A* 

PRI ~ E sEc 

B* 

PRl a 6sEC 

c 

PRI ~ Cs"Ec 

D 

~v SEC 

E PRl3 c SEC 

F x 
~ 

y 

~ z 
• 

T 

TH 
TMO 

TT 

TTMO 

T 

TO 
TH 

TMO 

T 

TMO 

FT 

FTB 

T 

n FREQUENCY INSERTION LOSS 
RATIO 

MODEL 
NO. 

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

tTM02.5-6T 2.5 
tTM03- 1T 3 

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

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

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

tTM02.5-6 2.5 
tTM04-6 4 

TM06- 1 6 
TM09- 1 9 
TM016- 1 16 

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

FTB- 1 1 
FTBl -6 1 

• FTB- 1-75 1 

T-622 1 
T626 1 

• Denotes 75 ohm models 

* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance 

MHz 

.05-200 

.003-300 

.07-200 

.01 - 100 

.05- 250 

.2-350 

.02- 250 

.3-300 

.03-140 

.3-120 

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

.004-500 

.075-500 

.01-50 

.05-200 
0.1-300 

.02-30 

.02-30 

.005- 100 
0.1-300 

.15-400 
0.01 -250 

.01 - 150 

.1-300 

.02- 100 

.01 - 100 

.02-200 

.15-200 

.3-120 

.03-20 
10-500 
8-300 
2-90 
7-85 
1-800 
.15-400 
.1-300 
.01 - 100 
.02- 200 
.3- 200 
.15- 200 
.3- 120 

.050-600 

.5-800 

.2-600 

.15- 250 

.2- 150 

.050-600 

.5-800 

.2-600 

.15- 250 

.2- 150 

.005- 100 

.1-400 

.2-500 

.01 - 125 

.5-500 

0.1-200 
0.01 - 10 

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

3dB 2dB 
MHz MHz 

.05- 200 .08- 150 

.003-300 .01 - 150 

.07 -200 .1- 100 

.01 - 100 .02-50 

.05-200 .1-200 

.2-350 .35-300 

.02-250 .05-150 

.3-300 .6-200 

.03- 140 .10-90 

.3- 120 .7-80 

.03-75 .06-30 
10-350 15-300 

.05-200 .08-150 

.07-200 .1- 100 

.01 - 100 .02-50 

.05-250 .1-200 

.2-350 .35-300 

.3-300 .6-200 

.3- 120 .7-80 

.004-500 .02-200 

.075-500 .2- 100 

.01 -50 .025- 25 

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

.02-30 .05-20 

.02-30 .05-20 

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

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

.01 - 150 .02-100 

.1-300 .2- 150 

.02- 100 .05-50 

.01 - 100 .02-50 

.02- 200 .05-150 

.15- 200 .3- 150 

.3- 120 .7-80 

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

.15-400 .35-200 

.1-300 .2- 150 

.01 - 100 .02-50 

.02-200 .05- 150 

.3-200 .5- 150 

.15-200 .3- 150 

.3- 120 .7-80 

.050-600 .1-400 

.5-800 2-400 

.2-600 .5-500 

.15-250 .25- 200 

.2- 150 .5-100 

.050-600 .1-400 

.5-800 2-400 

.2-600 .5-500 

.15-250 .25- 200 

.2- 150 .5- 100 

.005- 100 .01 -50 

.1-400 5-200 

.2-500 .5-300 

.01 - 125 .05-50 

.5-500 5-300 

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

Maximum Phase Unbalance 
1.0° over 1 dB frequency range 
5.0° over entire frequency range 

1dB 
MHz 

.2-80 

.02-50 

.5-50 

.50-20 

.5-70 
2- 100 

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

.1-50 
1-50 
.05-10 
1-30 

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

0.3- 180 

2-50 
0.03-50 

.05-50 

.5-80 
0.1-25 

.05-20 

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

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

1- 100 
.1-25 
10- 100 

5-80 
.04 -2 

CIRCLE 168 FOR US. RESPONSE CIRCLE 169 FOR RESPONSE OUTSIDE THE U.S. 

PRICE$ 

Qt~ 
(1-) 

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

6.95 
5.95 
6.45 
5.95 
6.95 
9.95 

11 .95 
11.45 
13.95 

3.25 
5.65 
5.65 
4.45 
5.6!:i 
4.45 
4.45 
3.95 
4.45 
6.95 
6.95 
5.95 
6.45 
6.45 
9.45 
6.25 
8.45 
7.95 
7.95 
7.95 
7.95 
7.95 

3.95 
4.45 
3.95 
3.95 
4.95 
7.95 
8.45 
7.95 
7.95 
8.45 

35.95 
35.95 

36.95 
36.95 
36.95 

3.25 
3.95 



Ask for genuine Intel 
or who kiiows what yo 

If you need a math 
coprocessor to speed your 
power applications, ask 

yourself this question: Which would 
you rather have sitting next to your 

Intel microprocessor- an Intel Math CoProcessor 

C 1991 Intel Corpora11on. 1287, i386, i387, i487and the SX logo are trademarks of ln1cl Corporation. 

or something you may know nothing about? 
Because if you don't specify Intel, that's 

basically what you're getting- a big question 
mark. With Intel, however, there's simply no 
question. You're getting quality. 

That's because Intel has the longest track 



Math CoProcessors, 
u'll have to count on. 

record with math coprocessors. In fact, we've 
manufactured and sold millions more than all the 
others combined. And we've tested every one of 
them with the most exhaustive battery of tests in 
the industry All to assure you absolute reliability. 

So ask for Intel Math CoProcessors. Or 

there's no calculating what you'll end up with. 
For a free information packet, call (800)538-3373. 

intel. 
The Computer Inside.'"' 

CIRCLE 1 



EX CE 
Setting the New Standard in PC Data Acquisition 
It takes a serious commitment to quality to deliver data acquisition boards 
that reliably meet the most demanding specifications. The National 
Instruments AT-MI0-16F-5 board creates a new standard in excellence with 
features not found on typical data acquisition boards. 
These features include: 

• 200 ksamples/sec sampling rate 

•Software-configurable analog 
input and gain 

•Optimum noise control 

•True self-calibration 

±10, ±5, 1, 2, 4, 8 Oto 10 

• Dither generator for 
AT·MI0-16H·9 16 SE extended resolution AT·MI0·16H·25 AT 8 01 100,000 12 

±10, ±5, 1, 10, 100, 
Oto 10 500 • RTSI® bus for multi- AT·MI0·16l·9 AT 16 SE 100,000 12 AT·MI0· 16l ·25 8 DI 

±5, Oto 10 1, 2, 5, 10, 20 , 
50, 100 

board synchronization 
lab-PC XT 8 SE 62,500 12 

±5, Oto 10 
±2.5, Oto 5 

• Custom instrumentation 
PC·LPM-16 XT 16 SE 50,000 12 

amplifier 
AT·DI0·32F AT 

• Microsoft Windows and 
PC-DI0-96 XT 
PC·DI0-24 XT 

DOS driver software PC·TI0-10 XT 

• SE - Single-Ended , DI - Differential , SS - Simultaneous Sampling 

2 

Software for programming the AT-MI0-16F-5 ranges from drivers for 
Microsoft Windows and DOS to LabWindows® application software. The 
quality, innovation, and performance of the AT-MI0-16F-5 sets the new 
standard in PC data acquisition. For more information on the AT-MI0-16F-5, 

12 8 3 ./ ./ ./ ./ ./ 
./ ./ ./ ./ ./ 

12 8 3 ./ ./ ./ ./ ,/ 
,/ ,/ ,/ ,/ ,/ 

12 24 3 ,/ ./ ./ ,/ ,/ 

161 3 ,/ ,/ ,/ 

32 - ,/ ,/ ,/ ./ 
96 - ,/ ,/ ,/ 
24 - ./ ./ ,/ ,/ 

16 10 ,/ ./ ,/ 

8 Channels In, 8 Channels Out 

our complete line of data 
acquisition boards, signal 
conditioning products, or 
software, call us. 
(512) 794-0100 or 
(800) 433-3488 
(U .S. and Canada) 

y.NATIONAL 
, !!!!!!~!:!!.!: 

6504 Bridge Point Parkway 
Austin, TX 78730-5039 
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N 0-CLEAN FLUX METHOD T~e two largest barrie~s hampering the ~cceptance of no-clean fluxing tech­
mques-low process yields and flux residue-have fallen to a new no-clean 

BEATS LOW· YIELD BARRIER flux technique for hand soldering of electronic assemblies. The technique in­
volves dispensing a liquid-flux product onto the joint and finishing it with a solid-core 63/37 
roll solder.Unlike current no-clean methods that use a hollow-core solder with flux incorporat­
ed within it, the new technique maintains high process yields and completely removes flux 
residue, which can create cosmetic problems as well as testability bugs. The technique was de­
veloped by Pensar Corp., Appleton, Wis. Contact Stan Plzak at (414) 278-7788. DM 

CAE IC FIRMS TARGET An open, top-down, framework-based design environment for ASIC design­
' ers is the goal of a joint development between Texas Instruments, Dallas, 

ASIC ENVIRONMENT and Cadence Design Systems Inc., San Jose, Calif. TI will contribute synthe-
sis and logic-simulation libraries, as well as design-analysis tools, to support the design pro­
cess of its TGBlOOO biCMOS ASICs. Cadence will provide the framework and design tools. The 
two companies are working with "teaching customers" to develop a system that will be practi­
cal for designers. The finished product will be the TGBlOOO Amadeus Design Kit. It will let 
clients take advantage of an open design environment without compromising vendor-specific 
design rules. The TGBlOOO Amadeus Design Kit will ship by the end of the year on HP I Apollo 
and Sun workstations. Call Texas Instruments at (800) 336-5236, ext. 700, in the U.S. and (214) 
995-6611, ext. 700, outside the country. LM 

DISPLAY CONSORTIUM A consortium of U.S. fl_at-pan~l-display ma~ufacturers_has been formed wi~h 
a focus on automated mspect10n and repair technologies, as well as generic 

SPANS FLAT· PANEL FIELD technologies for interconnections and packaging. The nine-member group is 
called the American Display Consortium and includes Cherry Display Products, Electro-Plas­
ma Inc., Magnascreen, Optical Imaging Systems, Photonics Imaging Inc., Planar Systems, 
Plasmaco Inc., Standish Industries, and Tektronix Inc. Every member designs and manufac­
tures products for all major branches of the flat-panel market, including electroluminescent, 
gas-plasma, and active- and passive-matrix LCDs. The consortium will be administered by the 
Microelectronics and Computer Technology Corp., Austin, Texas. Its research is being funded 
by a $7.5 million grant from the U.S. Department of Commerce's National Institute of Stan­
dards and Technology's Advanced Technology Program. DM 

STANDARDS APPEAR FOR The Technology CAD (TCAD) Framework Group, part of the CAD Frame­
work Initiative, Austin, Texas, recently demonstrated working prototypes of 

CAD FRAMEWORK its first two proposed standards. TCAD tools include CAE for semiconductor 
device and process design, technology characterization for circuit design, and IC design for 
manufacturability. For instance, modeling fabrication processes falls under TCAD. The first 
standard, a semiconductor-wafer-representation standard, models semiconductor devices 
and wafers at the physical level, describing such characteristics as material geometries, dop­
ant concentrations, and electric fields. The second standard, a semiconductor-process-repre­
sentation standard, describes the processes used to manufacture I Cs. The TCAD Framework 
Group has representatives from TCAD-software vendors; universities; and IC, computer, and 
communication-products manufacturers. The organization is developing standards that will 
allow TCAD tools to operate with each other and with other EDA tools without the large 
investment currently required to link them. For more information, call the group's chairman, 
Wally Dietrich, at the IBM Research Div. at (914) 945-2073. LM 

TEXAS INSTRUMENTS GE Extreme!~ short an~ dense chip-to-chip interconnections are the ~ey to an ad-
' ' vanced ch1p-packagmg technology developed by General Electric Co., Sche-

J OIN ON CHIP PACKAGING nectady, N.Y., and now to be commercialized by Texas Instruments, Dallas. 
Under an agreement between the two companies, TI will produce and market digital and ana­
log multichip modules based on GE's high-density-interconnect (HDI) process. According to 
Dr. Kenneth A. Pickar, manager of the GE R&D Center's Electronic Systems Research Cen­
ter, the tremendous gains in the speed and power of microchips is bottled up by outmoded 
packaging approaches. The HDI process exploits the "closer-is-better" rule and permits a 
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Storage Product IC Solutions 
We're delivering the three "Ps" - low-power, high­

performance and packaging - for virtually any storage device 
technology. From hard disk to floppy, optical, digital audio tape 
and so on. 

By using the right manufacturing process - Bipolar, CMOS 
or BiCMOS - for a particular mixed-signal IC application we 
stay comfortably within your diminishing power budgets while 

rocketing toward higher performance aDd integration levels. 
Like 5 Mb/s to 48 Mb/s for hard drives not much bigger than 

your business card. 
In fact, the pitter-patter of smaller footprints has encouraged 

us to build a considerable library of packaging options for newer 
areas such as VSOP, QFP and Chip-on-Flex. 

As for those new ideas everyone likes to talk about? 
Silicon Systems' design engineers are already experienced in 
"adaptive channels," DSP Servos, on-the-fly error correction 
and electronically-tuned filtering. 



• 
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Uh-huh. That buzz you're hearing is more than mere words. 
It's results. 

If you need a well-versed, imaginative and inspiring partner to 
provide mixed-signal IC innovations for disk, DAT or any storage 
device application, call us for our Storage Products Data Book 
and literature package SPD-7. We'll give you the name of your 
nearest Silicon Systems representative and update you on our 
latest developments.1-800-624-8999, ext.151. 

Circle 216 for Product Info (U.S. Response) 
Circle 217 for Career Info (U.S. Response) 
Circle 222 for Product Info (Response Outside U.S.) 
Circle 223 for Career Info (Response Outside U.S.) 

Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph (714) 731-7110 Fax (714) 731-6925 
European Hdq. U.K. Ph (44) 79-881-2331 
Fax (44) 79-881-2117 
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module's various chips to be mounted very closely together. Up to 90% of the module's real 
estate can be occupied by chips. Such short interconnects, in turn, minimize the travel distance 
for signals and increase the module's computational speed enough to meet the needs of ad­
vanced military and commercial systems without waiting for the next generation of sili­
con. DM 

1 8-IN HARD DRIVE The 1.8-in. hard-disk drive has arrived-and ahead of schedule. As reported 
• • earlier (ELECTRONIC DESIGN, July 11, p. 27), the 20-Mbyte drive, called the 
HITS THE STREET Mustang 1820, is a single-platter unit, while the Stingray 1842 is a dual­

platter drive that holds 40 Mbytes. These drives should make a significant impact in the 
notebook and palmtop computing environments. The Mustang measures just 50.88 by 76.85 by 
15 mm. According to Integral Peripherals Inc., Boulder, Colo., the drives' manufacturer, the 
Mustang drive's overall height could be reduced further to 10 mm by separating the head-disk 
assembly from the drive electronics. In this configuration, the pc board can be incorporated 
into the system's motherboard. Another feature of the Mustang is its low power consumption: 
0.5 Win the power-savings mode and 15 mW in the sleep mode. The drive, which weighs just 95 
g, recovers from the sleep mode in less than one second. RN 

BETTER GAAS MODELS Engineers simulating high-speed systems and components with the HSpice 
simulator from Meta-Software, Campbell, Calif., can accurately model GaAs 

IMPROVE SPICE RUNS devices with TriQuint's Own Model (TOM) from TriQuint Semiconductor, 
Beaverton, Ore. TOM accurately represents MESFET devices, correcting deficiencies in ex­
isting Spice models while adding several features unique to GaAs. For instance, with current 
Curtis and Raytheon/Statz Spice models, drain conductance can only be fitted for a small 
range of drain-current values. Consequently, when drain current falls outside this narrow 
range, predictions of conductance are inaccurate. If the drain current falls below this range, 
predicted conductance is too small, and if the current is above the range, drain conductance is 
too large. An HSpice simulation using TOM overcomes these deficiencies by making pinch-off 
voltage a function of drain voltage. A data parameter further improves the fit to accurately 
predict small-signal parameters over many bias conditions. For more information, call Meta­
Software at (800) 346-5953. LM 

ELECTRO-OPTICAL BOARD A method for embedding fine optical fibe~s in complex, ge~metric patterns 
on planar substrates to form high-speed !mks between optical components 

SPEEDS INTERCONNECTIONS has been developed. The technology will be demonstrated by Advanced In­
terconnection Technology Inc., Islip, N.Y., at the International Electronics Packaging Confer­
ence, in San Diego, Calif., Sept. 15-19. The interconnection technology permits fibers as fine as 
50 µm to cross each other without damage to the sensitive fiber cladding. DM 

VHDL USERS VENDORS "Enabling Design Creativity" is the theme of the fourth annual VHDL Us­
' ' ers' Group meeting taking place from Oct. 27-30 in Newport Beach, Calif. The 

SET TO MEET NEXT MONTH technical program includes language tutorials and user and vendor presenta­
tions, including a 1992 standardization panel. There will also be three days of vendor exhibits. 
For more information, call the VHDL Users' Group, c/ o Conference Management Services, at 
(415) 329-0510. The voice-mail information number is (415) 329-8673. LM 

THREE MORE FIRMS JOIN Three additional companies-Aldec, Gould/ AMI, and Teradyne EDA-have 
joined Actel's Industry Alliance Program, which was established to foster 

FPGA ALLIANCE GROUP technical relationships and cooperative marketing efforts. Actel Corp., Sun-
nyvale, Calif., provides members with their FPGA design software for product development, 
and technical assistance in the development of Actel product support. Furthermore, Actel is 
working with members for cross-training of sales forces, joint product literature, customer 
product demonstrations, and other marketing activities. Other Alliance companies include Ca­
dence Design Systems, LSI Logic, Mentor Graphics, and Valid Logic. For more information, 
call (408) 739-1010. LM 
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HV MONOLITHIC 
The 350 Volt PA41 from 

Apex is the world 's first 

monolithic op amp ex­

ceedin g 100 Volts. Pro­

viding 60mA of load 

current while co nsuming 

only 2mA oJ quiesce nt 

current , the PA4.l is the 

ideal choice for driving 

piezo electric devices 

efficiently and eco nom­

ically . 

Drawing upon our ex­

pertise with MOSFET 

tec hnology, the PA41 is 

approximately half the 

cos t of an y previou s op 

amp. 

POWER MONOLITHIC 
Complementing the 

PA41 are the PA2l and 

PA25 duals; rated at 

40V a nd 3A output 

current and internal 

cu rrent Limiting. 

NEIV PRODUCT HREAK1'11ROUGllS 

APEX® 
µh~~ch 

DEDICATED TO EXCELLENCE 

APEX l\11CROTECHNOLOGY CORPORATlON 

5980 N. Sll A \ NO'I ROAD. TUCSON, AR JZO A 85741 

MORE THAN 
HYBRIDS 
With the introduction 

of the PA41 , Apex now 

expands in two n ew 

product lines, mono­

lithic power and DC/DC 

co nverters. Our new line 

of hi-rel DC/DC con­

verters feature r eliabil­

ity, wave so lderability 

and ruggedness . 

To receive a cop y of ou1· 

handbook , or for more 

information about the 

P A41, PA21 , PA25 or 

other Apex products, 

call 1-800-448-102 5. 
For applications or 

product selection 

assistance, call 

1-800-421-1865 . 

Attend the Apex sales 

seminar and improve 

yo ur analog knowledge, 

ca U 1-800-421-1865 

dates in 

yo ur 

area. 
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HP's SoftBench: A tool integration framework 
and a program construction toolset. 

HP Branch Vali.dator: Pravides accurate branch 
information quickly and easily, reducing software 

test time while increasing confidence. 

Interleaf'I/3chnical Publishing Software: A 
docunumtation software and management system 

that features integrated text and graphics. 

Cadre Thamwork: Afamily of 
tools that implement system analysis and 

software design methodologies. 

Best CA 

McCabe Thst Tbols: An automated software 
testing and reverse engineering application. 

Q ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



Verilog LOG/SCOPE: 
Automated testing qfsource 

code analysis for reverse 
engineering. 

Saber-C: A set of integrated tooi,sfor development, 
testing, maintaining and debugging C programs. 

SE scenario. 

Softool Corporation CCC: 
A complete, automated solution 

for change control and 
configuration management. 

Frame F'rameMaker' : Easy-to-use text, 
graphics, and layout tooi,sfor documentation. 

How can you make sure that your soft­
ware release dates don't slip? That 
defects are discovered sooner rather 
than later? That your team has the 
most up-to-date tools? 

Hewlett-Packard's SoftBench, 
that's how. 

SoftBench is a tool integration plat­
form, with its own toolset. It provides 
a common user interface, tool commu­
nication and distributed computing 

services. And you can integrate your 
own or third-party tools into SoftBench. 

These software suppliers and SoftBench 
are key elements of our CASEdge 
program. Together, we offer a broad 
selection of development tools. They 
help automate the specification, design, 
implementation, debugging and 
maintenance processes. 

This streamlines your entire CASE 
environment, while protecting your 

CaseWare• AMPLJFye CONTROL: 
A graphic development environment 

and configuration management system based 
upon an open architecture. 

-· 

Apollo DSEE: Offers unequaled software 
development support and configuration 

management for complex, team-oriented projects. 

IDE Software Through Pictures•: Integrated toof,s 
for improving software quality that emphasize 

systems analysis and software design. 

investment, lowering your develop­
ment costs and improving your time 
to market. 

For more information, call us at 
1-800-637-7740, Ext. 2202. We'll 
show you the best CASE scenario in 
the industry. 

F//pw HEWLETT 
~£.a PACKARD 
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9.6-GHz SHIFT REGISTER BLAZES TRAIL 
FOR SUPERCONDUCTING LOGIC 

Asuperconducting 4-
bit shift-register 
chip that operates at 

9.6 GHz and dissipates only 
40 µ W may be the world's 
fastest device of its kind. 
The register reaches its 
high speed using relatively 
wide 3.0-µm geometries. 
That's in contrast to GaAs 
circuits, which typically re­
quire 0.5-µm geometries 
for similar performance. 

The shift register, which 
was fabricated by Hypres 
Inc., Elmsford, N.Y., may 
actually go faster-circuit 
operation has been simu­
lated up to 25 GHz. The 9.6-
GHz clock rate was a limit 
of the test system and not 
of the device. The company 
is expanding its test capa­
bility to accommodate 
higher speeds. The circuit 
operates at 4K. 

The superconducting 
logic is based on Joseph­
son-junction devices and is 
fabricated with a 10-layer 
thin-film deposition pro­
cess. The Josephson tun­
nel-junction uses a verti­
cally stacked structure 
with a 10-A barrier. Be­
cause the low-temperature 
(150°C) fabrication process 
works with any flat sub­
strate, it can be combined 
with silicon and GaAs tech­
nologies. The entire pro­
cess-fabrication cycle is 
five days. 

The four-bit shift regis­
ter isn't intended as a 
standalone product, nor 
would it typically be 
dropped into an existing 
system. According to Ed­
win Stebbins, director of 
advanced programs, "To 
commercialize supercon­
ducting microelectronics, 
the cooling and interface 
requirements dictate that 

I 

we build reasonably com­
plete subsystems." In fab­
ricating superconducting 
logic, the company ulti­
mately hopes to offer cus­
tom OEM subassemblies. 

For example, the shift 
register is a basic element 
in a correlator. A complete 
subsystem might include a 
4096-stage correlator run­
ning at 10 GHz, which has 
applications in a military­
comm unica tion or radar 
system. 

Another goal, albeit fur­
ther down the road, is a 
complete processor. Initial 
estimates are that a RISC­
processor core could com­
prise a multichip module 
containing 16 supercon­
ducting chips. The proces­
sor would use a 500-ps 
first-level cache and have 
1000 times the processing 
power of the VAX 111780. 
What's more, it would need 

.1 n 

just 500 mW for the active 
circuitry. 

The 4-bit shift register's 
operation verifies Hypres' 
circuit design for building 
logic devices, which uses 
edge-triggered logic. That 
logic is characterized by a 
two-phase rather than a 
three-phase clock and by 
wide operating margins. 
Two-phase clocks are easi­
er to generate than three­
phase clocks. 

Hypres is also fabricat­
ing high-density shift reg­
isters and has demonstrat­
ed functional operation of 
80-, 160-, 512-, and 700-bit 
shift registers.None, how­
ever, have yet been tested 
at high speeds. 

These shift registers 
also use edge-triggered 
logic, and are suitable for 
building digital-signal pro­
cess ors operating at 10 
GHz. They can also be used 

CPU-To-CPU Bus SUITS 
HIGH-SPEED MULTIPROCESSING 

I n desktop/ deskside tiple processors mustcom­
computer systems, de- municate. Some companies 
signers have a choice of have created dedicated lo­

I/O buses-XT, AT, EISA, cal busesoradirectproces­
Microchannel, NuBus, sor bus, but such buses 
SBus, Turbochannel, etc. have limited expandability 
However, there's no stan- and do not support sym­
dardized intermediate bus metrical multiprocessing. 
that allows CPU-to-CPU Furthermore, because 
communication when mu!- each bus is proprietary, 
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as storage devices for 
high-speed AD Cs. 

The shift registers have 
already been employed in a 
superconducting single-bit 
digital correlator (see the 
figure). The 16-stage cor­
relator operates at 1.6 
GHz. The design consists 
of two 16-bit shift registers 
with an XOR gate between 
each bit of both shift regis­
ters. The XOR outputs are 
added to produce a sum-of­
products output. The com­
pany is now testing a 128-
stage correlator of similar 
design. 

The correlator can serve 
in secure communications 
and low-probability-of-in­
tercept(LPI) radar applica­
tions. The correlation pro­
cess detects a signal from 
several multiple low-pow­
e r components spread 
broadly across the spec­
trum. Because the individ­
ual signal components 
each have relatively low 
power, they're difficult to 
distinguish from noise 
when separate. 

Part of this work is being 
done under contract to 
Rome Laboratories, Hans­
com AFB, Mass., and is 
funded by the Strategic 
Defense Initiative Organi­
zation. For more informa­
tion, call Edwin Stebbins at 
(914) 592-1190, ext. 7821. 

DAVID MALIN/AK 

each has only garnered a 
small following of users . 

To counter each of the 
negatives while offering 
designers a high-perfor­
mance bus for symmetric 
multiprocessing, Corol­
lary Inc., Irvine, Calif., has 
placed the technical bus de­
scription for its third-gen­
eration C-bus, the C-bus II, 
into the public domain. The 
company will also make 
available the symmetric in-



~National 
~Semiconductor 

Futurebus +. 
Now you can start your design without 

waiting for the future. 
Putting the standard 

to work today. 
National has long been the 

industry leader in BT1 and mixed 
analog + digital technology. Now 
we've drawn on that heritage to 
make the most highly integrated 
Futurebus + I Cs available today 
We've also put together a full 
range of development tools to 
help you put that chipset to work 
And the entire package is avail­
able now 

Making high-speed buses 
reliable and affordable. 
With our new chipset, 

Futurebus + gives you more 
bandwidth for your money, 
making it - for the first time -
fully cost-competitive with VME 
and Multibus~ In addition to an 
Arbitration Controller, our chip­
set contains four advanced BTl 
devices: two 9-bit Data Trans­
ceivers (latched and unlatched), 
a Handshake Transceiver, and an 
Arbitration Transceiver. 

Between them, they offer 
you a variety of features designed 
to break the throughput bottle­
neck in high-performance 
computer systems: 

f\ lullibus is a registered trademark o f Intel Corporation. Veri log is a 
registered trademark of cadence Design Systems, Inc. 
© 1991 National Sem iconduaor Corporation 

• Glitch filters (to eliminate wire 
OR-ing effects) 

•Filtered and non-filtered 
receiver outputs 

• Efficiently partitioned arbitra­
tion logic (the fastest available) 

• Fault-tolerant circuitry 
• Live-insertion support 

Providing a broad range 
of development tools. 
Start with our Designer's 

Handbook, with a slave-memory­
board application note, product 
data sheets, and application 
notes on BTl design technology. 
Other tools include wire-wrap 

boards from Mupac and Hybricon, 
Spice models, and Verilog® 
behavioral models. 

Bringing Futurebus + 
into the present. 

Call us at 1-800-NAT-SEMI, 
Ext. 127 We'll send you a 
Designer's Handbook, and you 
can start your Futurebus + 
design today 

Because there's nothing left 
to wait for. 

~National 
~Semiconductor 

NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056·7643 (Tel: I 800 628 7364, ext. 127; Fax: I 800 888 5113); EUROPE: RaiffeisenstraBe 10, 0·8016 Feldkirchen, Germany 
(le i: .,9 81"' I 103 O; Fax: .,9 8 1"1 103 515 ); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd.,Tsimshatsui, I long Kong (Tel: 852 737 1600; Fax: 852 736 9921); 

JAPAN: ... 15, Nishi·shinjuku, Shinjuku·ku,Tokyo, Japan 160 (lei: 8133299 7030; Fax: 8133r., 4303). 



tegrated multiprocessor 
logic (SIMPL) chip set-a 
pair of I Cs that eliminates 
just about all of the inter­
face glue logic needed to 
build bus-compatible 
boards. The multiplexed 
and synchronous C-bus II 
keeps the number of con­
trol signals small-less 
than five each for control 
and arbitration operations. 
It also employs a fair arbi­
tration scheme, such as 
employed on NuBus and 
Multibus II, eliminating 
any idle time during arbi­
tration. 

The C-bus II supports up 
to 16 modules, each of 
which could have two 
CPUs (such as Intel 80486 
microprocessors). There 
can be as many as 30 logical 
CPUs on the bus. Realisti­
cally, though, the bus 
bandwidth for linear per­
formance increases would 
limit the number to about 
16 actual 50-MHz i486 pro­
cessors, each with 256 
kbytes of cache. Some com­
pute-bound problems 
could use a larger number 
of CPUs without hitting 
the bandwidth limits. Any­
s peed processor can be 
supported by the bus 
thanks to the SIMPL chip 
set that decouples the CPU 
speed from the bus. 

Data transfers occur 
over the C-bus II's 64-bit­
wide data bus at burst 
rates of 267 Mbytes/s. Er­
ror checking and correc­
tion bits protect the data 
and address bus contents 
from noise and other signal 
hazards. A 2-Gbyte physi­
cal address space lets the 
bus handle large applica­
tions with ease. The bus 
can also readily support 
processors other than the 
i486, such as the MIPS 
R4000 or other RISC or 
CISCCPUs. 

Two basic 208-lead chips 
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tie the CPU boards into the 
bus. One of them is called 
the data-path exchange 
(DPX) circuit, which man­
ages a 32-bit section of the 
64-bit data bus. The other 
chip, called the cache and 
bus controller (CBC), con­
trols an off-chip second­
level cache of 256 kbytes to 
1 Mbyte for each CPU and 
manages small, third-level 
caches for each processor. 
Those level-3 caches are 
part of the logic in the D PX 
chip. In a one-CPU card, 
two DPX chips and one 
CBC chip are needed to tie 
the processor to the bus. 
For dual CPU cards, just a problem, the six-line (32 
second CBC must be added bytes/line) fully-associa­
to the logic. Samples of the tive level-3 cache for each 
chips will be ready in the processor works with the 
first quarter of 1992. level-2 cache. The second-

CPU cards that attach to ary/tertiary cache combi­
C-bus II will typically con- nation allows some com­
tain one or two CPUs and mon operations to be done 
the associated cache mem- with no evictions, thus im­
ory, cache tags, and con- proving performance. In 
trol logic (see the figure). contrast, a two-way cache 
Both the data cache and the causes evictions for each 
tag RAMs include parity step to be performed. The 
checking to ensure data in- level-3 cache, also known 
tegrity. These second-level as the victim cache, saves 
direct-mapped caches im- the last six lines that were 
plement the MESI proto- evicted from the level-2 
col, and employ a write- cache, and employs a least­
back strategy for data up- recently-used algorithm to 
dates. The CBC chip con- replace lines if the level-2 
tains a tagged prefetch cache sends out another 
buffer that when enabled, line. 
automatically obtains the The tertiary cache also 
next sequential DMA helpstol/Obridgeapplica­
cache line. This feature tions in which the CPU 
uses two cache lines in the cards connect across C-bus 
level-3 cache to maximize II and talk to an I/O card 
burst-D MA-transfer that, perhaps, connects the 
throughput. Although a di- system to a disk controller, 
rect-mapped cache is fast- or another bus (EISA, for 
er than a two-way set-asso- instance). The cache then 
ciative cache, the direct- serves as an array of FIFO 
mapped approach suffers buffers to decouple the 
from many cache evictions data-transfer speed from 
that involve two pieces of the bus. 
datawhoseaddresseshave Unlike previous TTL 
the same low-order bits buses used in PCs and 
(like moving data to a loca- workstations, the C-bus II 
tion 1 Mbyte away). interface employs 3.3-V 

To overcome the cache signal levels to reduce the 
mE L E C T R 0 N I C D E S I G N 
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ringing and signal noise 
over the high-speed bus. 
Using 3.3-V levels elimi­
nates the need for bus 
buffers on the CPU cards, 
further reducing the board 
complexity. However, the 
bus doesn't use the trape­
zoidal waveforms that Fu­
ture bus+ has adopted. 
When linking to other bus­
es, such as a PC bus, a 
bridge interface can be im­
plemented. Each bridge 
has one fixed 16-Mbyte 
window and two relocata­
ble 4-Mbyte windows that 
view the PC bus. Refer­
ences to these windows are 
translated into PC-bus 
memory transactions. The 
address of the relocatable 
windows is controlled by 
registers located in the 
board's I/O space. 

Corollary also developed 
system software to make 
the symmetrical processor 
system do productive 
work. The software, a mod­
ified version of standard 
Unix operating-system 
software, is offered by the 
Santa Cruz Operation, 
Santa Cruz, Calif., as the 
MPXKernel. 

For more information, 
contact George White, 
(714) 250-4040. 

DAVEBURSKY 



When Every Nanosecond ounts 
Squeeze critical nanoseconds from your high-speed logic interface with 
the fastest FCT logic available. IDT's FCT-CT family offers speeds that 
are 50% faster than standard FCT or FAST logic families-as fast as 
3.4ns (typical)! 

The Perfect System Solution 
As a system designer, you need the perfect combination of: 

1. Fastest speed 
2. Low ground bounce 
3. Low power consumption 

FCT-CT logic has true TTL compatibility for ease of design. The reduced 
output swings and controlled output edge rate circuitry ensure low 
system noise generation. No other technology offers higher speeds or 
lower power consumption. 
The FCT-CT family is completely pin- and function-compatible with FCT 
logic, and is available today in all standard packaging. 

PROPAGATION OUTPUT 
FUNCTION DELAY (Max) ENABLE (Max) 

Butters 4. l ns 

Transceivers 4.lns 

Registers 5.2ns 

Latches 4.2ns 

Free Logic Design Kit 
Call our toll -free hotline today and ask for 
Kit Code 3061 to get a 1991 High­
Speed CMOS Logic Design Guide 
and free FCT-CT logic samples. 

5.8ns 

5.8ns 

5.5ns 

5.5ns 

OUTPUT 
DISABLE (Max) 

5.2ns 

4.8ns 

5.0ns 

5.0ns 

(800) 345-7015 • FAX: 408-492-8674 
The IDT logo, CEMOS, BiCEMOS, and R305! are trademarks of Integrated Device Technology, Inc. 

Fastest cache solutions for RISC and CISC 

CPUs. 36+ ultra-high-speed sub­

micron SRAMs for 33MHz processing & 

beyond are in the SRAM Data Book . 

35mips RISC CHIPS AND MODULES 
R3000A for the most mips at any MHz; 

R3051 for CPU. cache. & 
b utters on one chip. Modules. 

eval. boards & software com­

p lete the family. See them in the 

RISC Data Book. 

HIGHEST-PERFORMANCE MEMORIES 
Fast FIFOs. dense d ua l-ports. BiCEMOS 

ECL. & memory modules. 120+ FIFOs 

& multi-port memories. 5ns ECL. & 

multi-chip modules are in the 

Specialized Memories 

Data Book . 

Call today for your 

new IDT data books 

w ith complete tech­

nical specifications 

and application 

information. 

. I=-. . 
1n11nlllMHanr,,_11nn . 11-11-11MJR1.-n11 

Integrated 
Device 
Technology, Inc. 
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DENSER, LOWER-POWER GAAS CHIPS PROMISED 
BY COMPLEMENTARY HETEROSTRUCTURES 

Although gallium ar­
senide delivers high­
er-performing chips 

over any silicon-based com­
mercial process, it comes 
with the problem of high 
power dissipation . This 
drawback has spurred an 
ongoing quest for a low­
power CMOS-like GaAs 
process, and some pro­
gress has been made in 
low-performance comple­
mentary JFET or MES­
FET transistor structures. 
Now, researchers at Hon­
eywell Inc.'s Systems and 
Research Center, Minne­
apolis, Minn., have created 
a true complementary 
structure based on hetero­
junction field-effect tran-

sistors. The structure pro­
vides GaAs chip designers 
with the equivalent of 
CMOS from a circuit de­
sign viewpoint. 

Undoped AIGaAs 
Undoped lnGaAs 

GaAs butter 

Au/Ge·based 
ohmic contact 

N·channel HFET 

2·0 electron gas 

The devices are built as 
an aluminum-gallium-ar­
senide/indium-gallium-ar­
senide heterostructure, 
rather than bulk GaAs, to 

2·0 hole gas 

Semi-insulating GaAs substrate 

achieve higher-perfo rm­
ing devices. As in CMOS 
circuit designs, significant 
power consumption only 
occurs when the transis­
tors switch states. Thus, 
with reduced power, levels 
of chip integration can be 
increased, because many 

P·channel HFET 

Au/Zn· based 
ohmic contact 

First metal 
dielectric 

Every connecting product for every kind 
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more logic functions can be 
placed on one chip. 

One recent test chip de­
veloped by Honeywell with 
its complementary HFET 
(C-HFET) process was a 4-
kbitstatic RAM that can be 
accessed 250 million times 
per second (4 ns), yet dissi­
pates just 100 mW. That 
low power consumption, 
according to David Tetz­
laff, head of advanced mi­
crocircuits development at 
Honeywell, is just one­
fifth that of similar GaAs 
memories made with non­
complementary processes. 

Transistors are fabricat­
ed with molecular-beam 
epitaxy (MBE) deposition, 
which creates the precise 
atomic-layer regions of the 
heterostructure on top of a 
bulk-GaAs buffer region 
(see the figure). A self-

of connection. 

aligned 1-µm metal-silicide 
gate structure eases some 
of the stringent lithogra­
phy-alignment require­
ments. Furthermore, the 
gate could be further 
scaled to about 0.3 µm to 
achieve even higher-speed 
operation and smaller 
chips. Two levels of metal­
lization interconnect tran­
sistors on the chip. 

Additional benefits from 
the C-HFET structure and 
process include its high tol­
erance for radiation, and 
its ability to operate at ei­
ther cryogenic (liquid ni­
trogen) or high tempera­
tures (150° to 200°C). How­
ever, according to Tetzlaff, 
it will take several more 
years of research before 
the technology can be com­
mercialized. 

DAVEBURSKY 

ELECTROCHEMICAL PROCESS 
PROMISES TO MAKE SILICON 
A LIGHT EMITTER 

Results of experi­
ments with silicon 
carried out at the Sie­

mens research labora­
tories in Munich, Germa­
ny, raise hopes that this 
semiconductor material 
can be used in optoelec­
tronics not only as a light 
receiver but also as a light 
emitter. 

Until now, the emission 
of visible light from solid­
state lasers and light-emit­
ting diodes has been possi­
ble only with compound 
semiconductors, such as 
gallium arsenide or indium 
phosphide. But GaAs and 
InP material combinations 

aren't only expensive, 
they're also difficult to 
handle. 

In the case of silicon, 
however, the industry 
would have at its disposal 
an inexpensive light-emit­
ting material for which 
process technologies are 
well established and rela­
tively simple. 

To get light emission 
from silicon, the Siemens 
researchers subjected the 
material to a simple and in­
expensive electrochemical 
etching process. This pro­
cess changes the material 
into porous silicon, giving 
it a structure with tiny 

© 1991AT&T 

That's~ "Customerizing." 
~is your one-stop quality 

source for everything from cable to 
splicing and test equipment. 

Whether its data cable, composite cable, 
optical cable or fiber, AT&T has it all. 

Along with 110 Connecting Blocks, 
Sri' Connectors, FDDIJumpers, and any 
number of other connecting products. 

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

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

-

Technical support? We'll work side-by-side 
with you to design special situation 
connections. And we'll provide system as well 
as component solutions. 

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

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

For more information, just give AT&T a call 
at 1800 344-0223, ext. 1053. 

AT&T 
Microelectronics 
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pores and bars. If properly 
carried out, the etching 
process results in pore and 
bar structures with 1- to 2-
nm diameters. 

In the porous silicon, the 
motion of the charge carri­
ers is restricted to atomi­
cally small distances. Ac­
cording to the principles of 
quantum mechanics, the 
material's energy states 
and the area of light ab­
sorption and emission will 
shift considerably follow­
ing the treatment. 

In their experiments at 
the Munich labs in which 
the porous silicon was ex­
cited with blue laser light, 
the Siemens researchers 
produced visible red and 
yellow light with the mate­
rial. By altering the dimen­
sions of the bars and pores 
during the etching pro-

TECHNOLOGY ADVANCES 

cess, the wavelength of the 
emitted light can be 
changed, which is proof 
that the emission is due to 
quantum-mechanical ef­
fects . 

For designers of optoe­
lectronic devices, a light 
emitter made of silicon 
would offer many advan­
tages. With optoelectronic 
receiving and amplifying 
elements already based on 
silicon, a light emitter that 
also uses silicon would lead 
to very dense and compact 
devices. 

That is, the circuits will 
have a much higher level of 
integration than would be 
possible with different ma­
terials employed for the re­
ceiver and amplifier on the 
one hand, and for the emit­
ter on the other. 

JOHN GOSCH 

THALLIUM·ARSENIC-SELENIDE 
BOULE CONVERTS C02 LASER 
OUTPUT TO INFRARED RADIATION 

Using a technique 
called second-har­
monic generation 

(SHG), a team of research­
ers at the Westinghouse 
Science and Technology 
Center, Pittsburgh, Pa ., 
have converted the output 
of a carbon-dioxide laser to 
mid-infrared wavelengths. 
In addition, conversion ef­
ficiency runs 57%, the high­
est yet achieved by SHG, 
and it's the most efficient 
mid-IR energy source. In 
fact , until this develop­
ment, intense infrared 
sources capable of operat­
ing at high repetition rates 
and moderate levels of av-

erage power have not ex­
isted. Mid-IR-wavelength 
sources have military and 
non-military applications 
because they can be tuned 
to lie within the three win­
dows of wavelength, offer­
ing very low transmission 
losses through the atmo­
sphere. 

The wavelengths of the 
three windows or ranges 
encompass 1.7-2.5 µm 
(range I), 3.4-4.2 µm {range 
II), and 4.5-5 µm (range 
III). The laser also repre­
sents a powerful energy 
source that can tune into 
the absorption bands of a 
broad range of pollutant 

Visit the Modulation Domain and get 



gas molecules. In that ap­
plication, the need for a 
technique to provide rapid, 
remote atmospheric moni­
toring from an airborne, or 
rooftop, platform is met. 
Military applications in­
clude tactical defense 
against IR-sensing mis­
siles. 

Second-harmonic gener­
ation is achieved by pass­
ing the output of the C02 
laser through non-linear 
(birefringent) crystals 
(boules) of thallium arsenic 
selenide orTAS (Tl3AsSe3), 

home-grown at Westing­
house. In actuality, SHG 
produces the second, third, 
and fourth harmonics of 
the C02 laser, all of which 
are mixed to create the fi­
nal beam at a conversion 
efficiency of 57% (the fifth 
harmonic has also been 

TECHNOLOGY ADVANCES 

produced by SH G ). 
The complete laser, 

called the Middle InfraRed 
Tunable (MIRT) Laser 
starts with an efficient, 
low-pulse-energy (about 
0.1 mJ) C02 laser oscillator 
tunable over the wave­
lengths of interest. It puts 
out short (20-ns) pulses at 
50 kHz. The pulses are am­
plified by high-power laser 
amplifiers to about 2 mJ. A 
collimating telescope fo­
cuses the linearly polar­
ized C02 laser beam on the 
TAS crystal. 

In one MIRT configura­
tion, the crystal has been 
grown and fabricated with 
its axis inclined 19° to the 
optical or C axis of the bou­
le. A stepper motor rotates 
the crystal into a position 
to send a 9.25-µm laser 
beam down the C axis. 

When the beam leaves the 
crystal, the laser frequen­
cy has doubled and the 
wavelength cut in half to 
4.63 µm. The shorter wave­
length beam is now passed 
through a TAS crystal that 
was grown and fabricated 
with its axis inclined 24° to 
the C axis. This crystal is 
rotated by its stepping mo­
tor so that the input beam 
enters 28.3° off the C axis. 
At this angle, the crystal 
again doubles the frequen­
cy and the wavelength is 
halved to 2.31 µm. The out­
put beam now contains 
three wavelengths, 2.31 
µm lying in transmission 
window I, 4.63 µm lying in 
window III, and some resi­
due of the original 9.25-µm 
beam. 

To get a laser wave­
length for window II, the 

laser is tuned to a longer 
wavelength, for example 
10.3 µm. The first crystal is 
rotated to propagate the la­
ser beam along an axis in­
clined 18.5° to the C axis. 
The frequency doubles and 
the wavelength halves to 
5.15 µm. The second crys­
tal is rotated so that the 
beams enter it inclined 20° 
to the C axis. The two fre­
quencies mix, producing 
the third harmonic and a 
wavelength of 3.43 µm, 
which lies in window II. 

This ongoing work is 
partially supported by the 
Wright Laboratory Aero­
nautical Systems Division 
at the Wright-Patterson 
Air Force Base, Dayton, 
Ohio. For additional infor­
mation, call B. H. Taylor at 
(412) 256-1650. 

FRANK GOODENOUGH 

a fix onjitter. 
Until now, when you looked at jitter 
on an oscilloscope, all you could see 
was fuzz. And the only way to find the 
source was by trial and error. In the 
Modulation Domain, you can actually 
display jitter as a function of time. 
That way, you know exactly how much 
there is and when it occurs, so it's 
easier to tell where it comes from. You 
can even examine the jitter spectrum 
and quantify the jitter gain (transfer 
function). All in a matter of minutes. 

Jitter analysis is just one way the 
Modulation Domain can help make 
you a better designer. To see more, call 
Hewlett-Packard at 1-800-752-0900:" 
Ask for Ext. 1831, and we'll send you 
the Visitor's Guide to the Modulation 
Domain on floppy disk with com­
plete descriptions of major landmarks 
and points of interest. 

There is a better way. 

Ff/di H E W LETT 
~~ PACKARD 
*In Canada, call 1-800-387-3867, Dept. 417. 
Any similarity to ex isting persons or compa nies is 
purely coincidental. 
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Oki's Advanced ASIC Tools 
Reduce Your Risk. 

A 
s an ASIC designer for high­
performance systems, you 
know the sinking feeling of 
working for weeks on a high-
density design--only to have 
it crash. You know the risks 
involved in designing with 
tools that offer no assur­
ances-Will path delays meet 
spec? Will routed signals 
violate timing? Will power 
problems cause unexpected 
voltage drops? 

Coupled with our 0.8µm 
leading-edge sea-of-gate 
technology and our high-level 
support- such as Verilog, 
Synopsys, and !KOS-these 
Oki software tools not only 
optimize ASIC performance 
but also optimize design time. 

So go ahead and take the 
plunge. Call 1-800-0KI-6388, 
Dept. 050, for Oki's ASIC 
capabilities brochure. See how 

risk-free ASIC design can be. 
Oki's advanced tools 

provide the lift you need to 
dive comfortably into the 
highest levels of ASIC design: 

Oki ASIC Design Tool Support for O.Bµ m, 1.0µ m, and 1.2µ m 

Timing-driven layout -
enables control of critical net 
and path delays, better ensur­
ing a design-to-silicon match. 

Clock tree structures -
automatically route logic 
signals where you want them 
and when you want them, 
optimizing clock distribution. 

Power calculator - locates 
and corrects power distribu­
tion and dissipation problems, 
increasing overall system 
reliability. 

Vendor Platform Operating System/Rev Description 

Cadence Sun/SPARC Sun OS 4.1.1 Simulation 
Solbourne Verilog 1.5C Fault grading 

Design verification 

IKOS 4.0 up Simulation 
Fault grading 

Mentor HP/Apollo ONIX 5.03, Sun OS 4.1.1 Capture 
Graphics ONx Series Digital application 6.1 Simulation 

Digital application 6.3 Design check 
HP9000 Digttal application 8.0 (in qualification} 
Sun/SPARC Parade Layout 
Solbourne Clock Structures 

Synopsys Sun/SPARC SunOS4.1.1 Design synthesis 
lntertace to Mentor, Valid, Viewlogic Test synthesis 

Valid Sun/SPARC Sun OS 4.1.1 Design capture 
Sun-3 GED, ValidSIM, Simulation 

RapidSIM Design check 
DECstation 3100 UL TRIX, ValidSIM, GED 
IBM RS6000 GED, ValidSIM, RapidSIM 

Viewlogic Sun/SPARC Sun OS 4.1.1 Design capture 
Workview 4.0 Simulation 

PC386 DOS 3.3, Workview 4.0 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 

Product and company names are trademarks and registered trademarks of their respective companies. 



WHEN YOU P~µN~EJNTO ~SIC D.ESIGN, 
YOU WANT SUPPORT TOOLS THAT WORK. 

~:~ 0serru~c. o1nctuctor ~ 
785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
1-800-0Kl-6388, Dept. 050 
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SIEMENS 

Globally Connected. 
Siemens provides computer 
and peripheral manufacturers 
with a worldwide connection 
for state-of-the-art integrated 
circuits. 

Siemens is building on a tradition of 
innovation with state-of-the-art tech­
nology in the workplace. And we back 
it with worldwide service and support, 
providing a global partner for all your 
system designs. 

For applications such 
as laptop PCs, printers 
and disk drives, which 
require lower power lnnovative8-bit 

microcontroller 
consumption, we offer designs. 

CMOS 8-bit microcontrollers based 
on the 8051 architecture. Like the 
SAB80C537, with advanced features 

such as 16-bit hardware 
multiply/divide, and 8 
data pointers. 

Reliable 1-Mb and 
4-MbDRAMs. 

We're also the only European 

Plus, Siemens offers an extensive line 
of CMOS ASIC devices. 

For innovative solutions for computer 
and peripheral manufacturers, Siemens 
is the best connection you can make. DRAM manufacturer, providing high­

quality 1-Mb and 4-Mb DRAMs. In fact, 
we're one of the world 's leading sup- For details, call (800) 456-9229 , or write 
pliers, with DRAMs available worldwide, . 
in volumes which have doubled since Siemens Components, Inc. 
1989. And we're continuin. 2191 Laurelwood Road 
to advance this technology _. Santa Clara, CA 95054 -1514 
with our 16-Mb and -, -·. 
64 -Mb DRAM programs. Ask for literature package M14A013. 

Siemens has a wide range so2ssand 

of I Cs for PCs. Our powerful integrated 
peripherals. 

80286 microprocessors 
include a super-fast 16 MHz design . 
And we provide the 82C206 and the 
NEAi chipset for optimized , 
low-cost solutions. 

• Siemens 
World Wise, Market Smart. 

© 1991 Siemens ComPQnents. Inc M14A013 NEAT 1sa trademark of Chips and Technologies, Inc 
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TECHNOLOGY ANALYSIS 

ESSCIRC TAKES A FORWARD 
LOOK AT IC TECHNOLOGY 

THE ANNUAL 
EUROPEAN 
SOLID STATE 
CIRCUITS 
CONFERENCE IN 
MILAN 
EXAMINES 
GLOBAL IC 
ADVANCES. 

Transmitter 

Input -<r-~---1 

1/0 cell area 

Large-scale 
mfegration 

Pc board 

JOHN GOSCH 

he European Solid State 
Circuits Conference, Eu­
rope's answer to the an-
nual International Solid 
State Circuits Confer­
ence held in the U.S., may 
not yet have the visibility 
and exposure that the 
ISSCC generates, nor 

does it draw as many people. But the 
ESSCIRC organizers think their con­
ference features papers whose quali­
ty matches that of the presentations 
at the ISSCC. There's much proof of 
that at the 17th ESSCIRC in Milan, 
Italy, Sept. 11-13. 

The quality is evident in that the 72 
contributed papers presented this 
year were selected from more than 
170 submitted. "We tried to pick pa­
pers representing the best in micro­
electronics and describing avant­
garde developments," says Rinaldo 
Castello, technical committee chair­
man of ESSCIRC '91. 

In addition to quality, there's ESS­
CIRC's aspect of internationality. 
What started out in 1975 as a region­
al event- almost all papers at that 
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11. IN THE ADVANCED LOW-LEVEL transmission system from Hitachi, the 
transmitter sends TTL differential signals. Resistor values are chosen to match the twisted· 
pair cable's characteristic impedance. 
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time were from European authors­
has grown into a conference of glob­
al stature. Of the contributed papers 
given by speakers from 13 countries 
this year, 20% are from American 
and Japanese authors. 

Also, ESSCIRC is steadily becom­
ing the venue for first exposure of 
new semiconductor developments. 
For example, experts from Hitachi, 
Tokyo, first discussed circuit con­
cepts for their 64-Mbit DRAM at last 
year's conference in Grenoble, 
France. 

This year, the 400 attendees are 
witnessing something new, at least 
for ESSCIRC conferences. That's 
the presentation of invited papers 
from representatives of industries 
using circuits, as well as from com­
panies producing them. "In these 
presentations, the components-us­
ing industries are informing produc­
ers about the direction their particu­
lar field will take in the years ahead," 
says Bruno Murari, conference 
chairman of ESSCIRC '91. "For their 
part, device makers are making 
known to users where they stand at 
present, giving state-of-the-art re­
ports on technology and design and 
on what microelectronics has in store 
for them." 

A good example of such dialogue, 
Murari says, are invited papers from 
Ettore Panizza of the Italian car 
maker Fiat and Joachim Melbert of 
the German chip producer Siemens. 
Panizza discusses automotive sys­
tems and functions that car makers 
envision for the next few years, 
while Melbert describes the re­
sources circuit designers will have at 
their disposal to handle future func­
tions. "This type of dialogue gives 
both sides an idea of what to expect 
in the years ahead," Murari adds. 
Nm 
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Inverter implemented in 3D Selector implemented in 3D NAND2 implemented in 3D 
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12. BASIC ELEMENTS from a vertically integrated process are inverter (a), selector (b), and NAND2 circuits (c). These can be used to 
build a cell library with latches, flip-flops, NOR gates, and the like. Special macro blocks, such as multipliers and static RAMs, complete the 
circuit library. The process was developed by the German Institute for Microelectronics. 

Similar invited papers come from 
Johan Danneels of France's Alcatel 
communications group, who repre­
sents telecommunications chip users, 
and Pietro Erratico of SGS-Thomson 
Microelectronics, the Italian/French 
device maker, who speaks for telecom­
munications chip producers. Another 
pair of invited papers comes from 
Erich Geiger of France's Thomson 
Consumer Electronics group, repre­
senting TV chip users, and R.P. Kra­
mer of Philips Components, for the TV 
chip makers. 

Traditionally, ESSCIRC confer­
ences have a large proportion of pa­
pers dealing with analog circuits, 
more than do the ISSCC events, Cas­
tello says. That's also the case in 
1991. Of the 16 sessions this year, 
five are strictly on analog circuits 
while half of all subjects discussed 
deal with analog and mixed technolo­
gies and design. New sessions this 
year are "Smart Sensors," a reflec­
tion of what's hot in the industry, and 
"Testing," which is becoming in­
creasingly important. 

EFFICIENT COMMUNICATIONS 
In recent years, communications­

equipment designers have shown 
much interest in asynchronous 
transfer-mode (ATM) switching sys­
tems. Although ATM device develop­
ment has progressed considerably, 
some problems remain to be solved. 
One is how to get high-bit-rate data 
transmission efficiently and econom­
ically. Though optical fibers are best 
to bridge long distances, twisted­
pair cables are most economical for 
transmissions between pc boards 
within a system and in inter-office 
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data communications. 
A directly driven transmitter-re­

ceiver circuit system described by 
Hitachi, is designed for such ATM 
applications. The system handles 320 
Mbits/s, an incredibly high speed for 
a twisted-pair cable up to 10-m long. 
The result of research at Hitachi, To­
kyo, the system uses low-swing 0.3-
V differential signal levels to realize 
the high data rate. The transmitter 
and receiver circuits of the advanced 
low-level transmission system 
(ALTS) are contained in a 0.8-µm 
CMOS gate-array I/O device (Fig. l). 

A latched comparator from the 
Fraunhofer Institute for Integrated 
Circuits in Erlangen, Germany, 
shows high speed and performance. 
Thanks to a design that combines 0.5-
µm gallium-arsenide and high-elec­
tron-mo bility-transis tor (HEMT) 
technologies, the comparator oper­
ates at up to 4 Gsamples/s. Its sensi­
tivity is 10 m V. The device can be 
used for the parallel comparison of 
input analog signals in a flash ana­
log-to-digital converter and as an in­
put driver in a high-speed digital-to­
analog converter. 

A high-speed multichip CMOS 
RISC processor with low-voltage­
s wing inputs and outputs is de­
scribed by Intergraph Corp., Palo 
Alto, Calif. Believed to be for a new 
line of workstations from the compa­
ny, the processor has a propagation 
delay of less than 1.7 ns. The low­
voltage-swing input buffer is de­
signed with a setup time of 0.4 ns in 
the differential mode, and 0.75 ns in 
the single-ended mode. A custom ce­
ramic 299-pin PGA package with con­
trolled-impedance lines and shield 
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planes minimizes crosstalk. 
A floating-point cell library, offer­

ing high flexibility and performance 
for logic synthesis of image-signal 
processors, has been developed at 
Toshiba, Kawasaki, Japan. The li­
brary's 32-bit ALU and 32-by-32-bit 
multiplier support not only IEEE-
754-format i'loating-point opera­
tions, but also fixed-point and logical 
operations that are often used in im­
age-signal processing. A new vector 
processor was synthesized with a 
logic-synthesis tool using the li­
brary. Designed in 1.2-µm CMOS, 
the processor has a peak perfor­
mance of 100 MFLOPS at 33 MHz. 

A CMOS image sensor array chip 
integrating an electronic aperture 
and a simple exposure controller 
achieves wide-range exposure con­
trol of 40,000:1. That equals 15 stops 
of a mechanical iris system. Such 
performance compares with an 
equivalent of only 8 stops for on-chip 
electronic apertures reported so far. 
The device, which is the result of 
work at the United Kingdom's Uni­
versity of Edinburgh, aims at appli­
cations ranging from single-chip 
CMOS video cameras to single-chip 
smart vision systems, such as bur­
glar-alarm verification cameras. 

The device achieves control by 
monitoring the image pixel stream 
and estimating the fractions of each 
picture that are very bright or very 
dark. On the basis of this informa­
tion, the device decides whether the 
picture contrast is acceptable. If nec­
essary, the exposure time is then 
changed in the appropriate direction 
for the optimum setting. 

A tunable continuous-time filter 
G N 
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AN APPLICATIONS EXAMPLE. 
While the following example is for air­
craft, it could apply to any air, land, sea 
or space system. 

SEQUENCE ONE: The four-pushbutton 
display reads "ENGINE START," "BAT­
TERY OK," "FUEL OK ," OXYGEN OK." 
The operator selects "ENGINE START." 
SEQUENCE TWO: The four­
pushbutton display now changes to 
read " ENGINE OK ," " HYDRLC OK ," 
"POWER OK,'' "CHECK LIST." The oper­
ator selects "CHECK LIST." 
SEQUENCE THREE: The four ­
pushbutton display now reads "CHECK 
ICE ," " CHECK FLAPS ," " CHECK 
BRAKE ," "SYSTEM OK ." In this man­
ner, the designer can program in as 
many sequences as required . 



IN THE TIME ITTAKES 
COULD ROUTETHE WO 

Believe it or not, it only takes 
about 150 seconds to place and route 
a Xilinx FPGA. 

Chances are: it'll take you longer 
to read this ad. 

THE FffiST AND STILL 
THE FASTEST. 

At Xilinx we invented the FPGA. 
And we've led the industry ever since. 

With the fastest, highest per­
formance FPGAs available anywhere. 

Tuday, we off er system clock 
speeds of 60 MHz. 

We're also the first program­
mable logic company to off er you 
on-board RAM. 

Making our newest FPGAs ideal 
for everything fromFIFOs to register 
stacks. 

What's more, we're the only pro­
grammable logic company that pro­
vides you with on-chip wide decode. 

And that's just the beginning. 
Because as formidable as our 

hardware may seem, it's only half 
the story. 

60 SYSTEM CLOCK SPEEDS 

so • 3000 Family 
• 4000 Family 

40 

~ 30 

20 

10 

16 Bit 16 Bit !v:ider/ Critical Path Circuit 
Counter Subtractor AT&N Sept. 90 

As measured by typical design benchmarks, 
the XC3000 family is the industry'sfastest 
FPGA. Or at least it was until we introduced 
the 4000 family 

NEW ENHANCED SOF'IWARE 
PROVIDES PUSH BUTTON 

SOLUTION. 
Device speed alone doesn't 

determine the fastest, highest­
perforrnance logic device. 

When you're designing, the 
clock on the wall is every bit as 

Our new push-butfJJn software makes programming other logic devU::es seem 
positively tedious. 

important as the clock speed of 
the chip. 

So to make Xilinx FPGAs even 
faster and easier to program, we've 
redesigned our software. 

This is no mere upgrade. It's 
a major rewrite. 

Our new version of XACT now 
comes with 200 soft macros.And fifty 
hard macros. 

Providing automatic placing 
and routing for virtually all designs. 

With greater than 90% gate 
utilization. 

If you've worked with Xilinx 
FPGAs before, you'll see improve­
ments even before you start to place 
and route your design. 

If you've never worked with 
Xilinx FPGAs before, you'll find every 
other logic device to be positively 
tedious by comparison. 

WHEN IT COMES TO 
SYSTEM TESTING, WE PASS 

WITH FIXING COLORS. 
Our newest FPGAs offer you yet 

another competitive advantage 
that's exclusive to Xilinx. 

©1991 Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401. Ja'[XLn, 81(3)297-9191. Asia, 852 (3) 721-0900. Xilinx is a trademark and The 



TO READ THIS AD JOU 
~LD'S FASTEST F GA. 

The industry's first on-chip 
JTAG boundary scan for easy testing 
of PC boards and device VOs. 

This unique Xilinx offering 
improves overall system testability 
and dramatically 
reduces board test 
costs. It's a major 
boost for those 
designing high­
density, surface 
mount systems or 
complex, multi­
layer PC boards. 

We told you we'd save you time 
and money. 

IF AT FIRST YOU DON'T SUCCEED, 
IT'S EASY TO TRY AGAIN. 

As you well 
know; when 
you're designing 
a system, 
changes keep 
corning fast and 
furious. 

Which is 
why Xilinx 
FPGAsare 

designed to be reprogrammed 
quickly an unlimited number of 
times. 

And not only do our FPGAs save 
you an enormous amount of time 
early on, they also save you time 
later when you need to make those 
"last minute" enhancements. 

It's one more way we make it 
easier for you to get your product to 
market as fast as possible. First time. 
Every time. 

ELAPSED TIME FOR 100% ROUTING 

• 3000 Family 

40 
• 4000 Family 

10 

1000 2000 

USABLE GATES 

New al,gorithms have reduced pli1ce and 
route times by a factor of four 

GETTING AN EDGE OVER 
YOUR COMPETITORS IS JUST 

A PHONE CALL AWAY. 
If you've read this far, you could 

have already placed and routed one 
of our FPGAs. 

So don't delay. No other pro­
grammable logic company can off er 
you the many exclusive features of 
Xilinx FPGAs. 

Call 1-800-255-7778. Or in 
California, 408-559-7778. And we'll 
send you more information on 
how our FPGAs can give you the 
competitive edge. 

But you'd better hurry. 
Some of your competitors have 

already finished reading this ad. 

~XILINX 
The Programmable Gate Array 

Company.sM 

Programmable Gate Array Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders. 
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3M Lowers Cost 
of High 
Temperature 
Electrical Tapes 
New proprietary film 
matched with acrylic and 
silicone adhesives for 
UL Class 155°C/180°C 
AUSTIN, Tex. - Two newly developed 
high temperature electrical insulating 
tapes are lower priced than current tape 
constructions now on the market. The se­
cret is in matching new tough proprietary 
film with appropriate high temperature 
adhesives. 

Scotch™ Electrical Tape 72 is thin , 
high temperature resistant, light tan, and 
semi-opaque. It is combined with an acryl­
ic pressure-sensitive adhesive, and is UL 
Recognized for continuous use at temper­
atures not exceeding 155°C, for class F 
operating components. 

Scotch™ Elec­
trical Tape 73 is 
thin , high tempera­
ture resistant, light 
brown, and semi­
transparent. It is 
combined with a si-
1 icone pressure­
sensitive adhesive, 
and is UL Recog­
nized for continu­
ous use at temper­
atures not exceed­
ing 180°C, for 
class H operating 
components. 

Flexibility, conformabi­
lity and flagging resist­
ance are also key fea­
tures. UL Component 
Recognition. ~ 

® 

Typical high temperature electrical in­
sulating applications are in motors, coils, 
transformers, TV yoke/deflection mag­
nets, wrap and fill capacitors, and similar 
electrical and electronic products. 

Both tapes are flame retardant, flag­
ging resistant and meet NASA outgassing 
requirements. 

Permanently printable using conven­
tional tape printing equipment. Standard 
widths from 1116" to 4''. Custom slitting 
available. 

For more information , contact a 3M 
Electrical Specialties Division represent­
ative or authorized distributor or call 
1-800-233-3636. 

3M Electrical Specialties Division 3NI 
PO Box 2963 
Austin , TX 78769-2963 
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cell from Italy's University of Pavia 
has excellent performance, even 
though it uses conventional 2-µm 
technology. Key to its performance 
is the biCMOS design that the sec­
ond-order lowpass filter cell uses. 
The device can be tuned over an 8-
MHz to 32-MHz range and has a 
quality factor of 2. Total harmonic 
distortion stays lower than 42 dB for 
an output signal up to 2.4 V pk-pk at 5 
MHz. The cell's area is 500 mils2 and 
power consumption at a cutoff fre­
quency of 25 MHz is 30 mW. Intended 
for disk drives, the device will be a 
commercial product from SGS­
Thomson. 

CMOS ADVANCES 
An unconventional approach to IC 

construction comes from the Insti­
tute for Microelectronics, Stuttgart, 
Germany. The complex 3D CMOS 
circuit is based on a triple-decker cell 
made by using a process with three 
stacked transistor channels. Area is 
25% to 50% less than that of a conven­
tional 2D CMOS device. 

The Stuttgart group's process has 
led to efficient basic circuits, such as 
inverter, selector, and N AND2 ele­
ments (Fig. 2). These elements can 
be used to build a cell library with, 
for example, latches, flip-flops , and 
NOR circuits. Special macro blocks 
including multipliers and static 
RAMs complete the circuit library. 

Three-dimensional, or stacked, 
CMOS technologies have been pur­
sued for more than 10 years. Howev­
er, none have led to any significant 
products because of problems with 
silicon film quality, planarity, vias 
between different layers, and the 
like. The Stuttgart group's technolo­
gy, which starts from a standard 
bulk NMOS process, tackles these 
problems and brings true 3D CMOS 
circuits closer to volume production. 

A codec from Alcatel Bell, Ant­
werp, Belgium, can be used for appli­
cations in hand-portable terminals, 
such as telephones used in cellular 
digital radio mobile communications. 
The device, made in 1.2-µm CMOS 
and occupying a 14-mm2 die area, has 
a dedicated processor serving digital 
filter calculations. An interpolator 
and sigma-delta modulator trans-
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form incoming signals to an over­
sampled 1 Mbit/ s pulse-density-mod­
ulation signal that's converted to ob­
tain the earpiece signal. 

A fourth-order sigma-delta con­
verter comes from the United King­
dom's University of Southhampton. 
The circuit gets around the problems 
associated with switched-capacitor 
samplers by using a self-tuning con­
tinuous-time noise shaper. The de­
vice, made in 1.6-µm CMOS and oper­
ating from a single 5-V supply, is un­
conditionally stable and recovers im­
mediately from overload without 
resetting integrators. 

As VLSI chip complexity in­
creases to several hundred thousand 
transistors, testing becomes more 
important. In an invited paper, Eck­
hard Wolfgang of Siemens, Munich, 
Germany, reviews the state-of-the­
art for three contactless testing 
techniques: electron-beam testing, 
laser-beam testing, and emission mi­
croscopy. Reasons are given why 
contactless testing is important for 
chip verification and failure analy­
sis. Also, a scenario of contactless 
testing describes the influence of 
chip, package, and CAD environ­
ments. 

Built-in self-test (BIST) methods 
are increasingly applied on-chip to 
raise fault coverage, minimize the 
expense for test equipment, and 
guarantee high-quality parts. Phil­
ips Kommunikations Industrie AG, 
Nuremberg, Germany, has devel­
oped a BIST-based test strategy for 
a 16-bit digital-signal processor em­
ployed in digital mobile telephones. 
The strategy uses the architectural 
and functional properties of the pro­
cessor. O 

Electronic Design would like to 
thank conference chairman Bruno 
Murari and technical committee 
chairman Rinaldo Castello for 
their thoughts on ESSCIRC confer­
ences and their help in obtaining 
details of the papers at this year's 
conference in Milan. 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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Master Designer 5.0, 
the shortest distance 

concept to reality. 

Master Designer'" 5.0 is the shortest 
distance from PCB design concept to 
reality. And the fastest, most productive 
and reliable way to get your designs to 
market using an IBM® or compatible PC. 

And now Master Designer 5.0 has 
been enhanced with more than 100 new 
features, requested by PCB master design 
engineers like you. 
New features, more productivity. 

Master Designer 5.0 shortens the 
entire design cycle with new features like 
extended memory for 4-times larger 
designs. Automatic real-time on-line 
design rule checking. User configurable 

menus. And automatic periodic file save 
with user-definable time increments. 
First with 19,000 PCB designers. 

You can rely on Master Designer 
5.0 for the quality and dependability 
that has made it the choice of more 
than 19,000 PCB designers worldwide. 

Master Designer 5.0 gives you the 
interactive support of Master Layout'" 
to handle surface mount, analog, and 
digital technology. The flexibility of 
Master Schematic'~ fully automated 
optional Rip-n-Route, and our optional 
Master Placer'~ ot to mention the plus 
of a consistent menu-driven interface. 

With Master Designer 5.0, you 're 
backed by CADAM, the world's leading 
CAD/CAM/CAE software supplier, and 

the international network of expert 
P-CAD Value Added Resellers. 
Your finished designs are a lot 
closer than you think and so is 
your free P-CAD Demo Disk. 

Here's how to get all the details 
on Master Designer 5.0, and shorten 
the distance between your next great 
concept and reality. Just call P-CAD 
toll-free today and 
we'll send your 
free Master 
Designer 5.0 
Demo Disk 
absolutely free. 

1-800-255-5710 
World Class PCB CAD Productivity 

g-caB® 
PRODUCTS FROM CAOAM , AN IBM COMPANY 

IBM is a registered trademark of International Bt~iness Machines Corp. P-CAD is a registered trademark and Master Designer, Master Layout, Master Schematic, and Master Placer are trademark.I of Personal CAD Systems, Inc. 
P-CAD/CADA.11 , 1935 N. Buena l'ista SL, Burbank, CA 91504. ©1991 CADAM INC. 
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THIS ISAMPTODAY 

AMP and AMPLIMITE are trademarks of AMP Incorporated. 

Designers in the small form factor 
arena have a lot on their minds 
when it comes to selecting connectors 
for today's emerging standards: 
compatibility, reliability, availability. 
And solid engineering support where 
they need it-anyplace in the world. 

That's why so many are choosing 
AMP and the AMPLIMITE .050 
Series of high-density interboard and 
shielded 1/0 connectors. 

The .050 Series is compatible with 
SCSI-2, IPI-2, HIPPI, and EIA 



High-density shielded 110 and interboard connections. 

RS-232 standards-standards that 
AMP helped define in the first place. 
Engineering distinctions: smoothed 
tuning fork contacts, high-temp 
polymer housings, true footprint 
position and packaging for robotic 
application, and a wide range of 
hardware and mounting options. 

And AMP is there to help you, 
with design-level engineering and 
support worldwide, manufacturing 
capacity second to none, and the high­
speed application tooling you need to 
meet any production requirements. 

For more information on the 
AMPLIMITE .050 Series high-
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density connectors, call our Product 
Information Center toll-free at 
1-800-522-6752 (fax 717-561-6110). 
In Canada call 416-475-6222. AMP 
Incorporated, Harrisburg, PA 
17105-3608. 

ANIP 



and 
Now, the price 

performance you want 
Here's great 

news for 
designers of 
15V systems. 
Comlinear now 
offers its tech-
nology in monolithic, 
l5V video op amps. And, at a very 
attractive price. 

Better video 
specs ... 
lower price. 

Immediately 
available, and 
priced at just $2.54* 
in 1000s, the new 
55MHZ CLC430 
offers a lower-cost alter­
native for professional 
video applications. What's 
more, it delivers differential 
gain/phase of0.02%/0.04°, 
plus superior multiple-load per­
formance to meet the demanding 
standards of composite video ... 
reliably and consistently. 

It gives designers of high-speed 
signal processing systems a fast 
2000V/us slew rate and 35ns settling 
time to 0.05 %. Plus a high-speed 
disable/enable feature, making it ideal 
for video switching and multiplexing 
applications. All in an industry­
standard DIP pinout, or a space saving 
8-pin SOIC package. 

So take advantage of the latest in 
Comlinear's growing family of video 
products. Call today for details. 
*U.S. price only 
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in15Vvideo 
op amps. 

© 199 1 Comlinear Corporation 



COVER FEATURE 

CODEC TEAMS DELTA-SIGMA CONVERTERS 
WITH DSP To SHUTTLE STEREO SouND 
BETWEEN MULTIMEDIA PERIPHERALS. 

MULTIMEDIA CODEC CHIP 
ADDS VOICE AND MUSIC 

MILT LEONARD 

ntil now, multimedia tech­
nology has focused on inte­
grating text with high-quali­
ty still, as well as moving, 
images on desktop-comput­
er screens. Little attention 
has been paid, however, to 

the quality of the sound that accompanies 
those images. This, despite the fact that peo­
ple are more likely to retain information they 
have heard as well as seen, and the clear 
strides made in digital sound in the consumer 
electronics arena. Linking such audio compo­
nents as telephones, digital audio tapes, and 
compact disks with multimedia computers 
has required an expensive collection of dis­
crete analog and digital ICs. However, two 
single-chip stereo audio codecs, based on del­
ta-sigma data 
conversion and digital-signal processing, 
promise to remedy this situation. 

The CS4215 and CS4216 codecs, developed 
by Crystal Semiconductor, are the first de­
vices to integrate both delta-sigma analog-to­
digital and digital-to-analog converters on 
one chip (Fig. 1). Beyond the data-conversion 
capabilities, the CS4215 is the first stereo au­
dio codec to integrate microphone and line­
level inputs, input and output gain setting, 
antialiasing and output-smoothing filters, 
stereo headphone drive, and monitor-speaker 
drive. Equally impressive, the device also in­
cludes data-compression/ decompression cir­
cuitry consistent with telephony A-law andµ­
law standards. 

Delta-sigma data converters offer the low­
est system cost, highest dynamic range, and 
more integrated features than any other 
data-conversion technology available for dig­
ital audio systems. They also offer several 

E L E C T R 0 N I 

benefits for audio applications. For example, 
they allow the use of digital antialias filtering 
to minimize the need for analog antialias fil­
tering, which is vulnerable to audible phase 
distortion. Digital filtering also has perfectly 
linear phase performance and no drift. Also, 
the 1-bit delta-sigma architecture is inherent­
ly monotonic. Another benefit is that no sam-
e D E S I G NllD 
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STEREO CODEC 

1. MIXED-SIGNAL TECHNOLOGY enables the CS4215 stereo codec to use 
digital-signal processing techniques to enhance the performance of analog circuitry. The 
chip contains 140,000 transistors, 2000 of which are analog devices. Interpolation filters for 
data conversion occupy about one-third of the die (dark area). Analog circuits for the data 
converters are across the top of the chip. Compression, decompression, interface functions, 
etc. are along the left edge. 

ple-and-hold function is required. 
The CS4215's features are opti­

mized to add voice capability to a 
workstation or personal computer. A 
lower-cost sister part, the CS4216, 
uses the same data-conversion core 
circuitry, but has fewer value-added 
features. 

This part is useful for systems 
that simply require basic data-con­
version functions , such as comput­
ers that support the Microsoft Multi­
media Windows 3.0 standard. 

The CS4215 stereo audio codec has 
two channels of 16-bit analog-to-digi­
tal conversion along with two chan­
nels of digital-to-analog conversion 
(Fig. 2). The codec's programmable 
conversion rates cover the range 
from 8 to 48 kHz. At the analog input 
section, an on-chip multiplexer se­
lects between line-level inputs and 
microphone-level inputs. 

Each line-level input requires an 
external antialiasing filter composed 
of a 150-!1 resistor and a 0.01-µF ca­
pacitor to ground. These pins are 
driven with 1.0-V rms signals cen­
tered around +2.5 V. 

Operation from a 5-V-only power 
source makes the 4215 eligible for 
use in workstations and personal 
computers. Packaged in a 44-pin 
PLCC with J leads, the codec's are 
made with a 1-µm, single-poly, dou­
ble-metal CMOS process based on 
gate-array technology. Power dissi­
pation is 500 mW in the active and 10 
mW in the power-down modes. 

Ac-coupled microphone-level in­
puts connect to internal amplifiers 
with 20-dB gain. Full-scale input lev­
el, with no gain, is 0.1 V rms. For de­
coupled microphone or line inputs, a 
common-mode output pin is provided 
for using an optional dual-op-amp, 
level-shifting buffer. Microphone 
and line inputs are routed to a pro­
grammable-gain circuit, which pro­
vides up to 22.5 dB of gain in 1.5-dB 
steps. Following the conversion to 
digital form, these signals are pro­
cessed by a selectable 16-bit linear, 8-
bit µ-law, or 8-bit A-law encoder, and 
then exit the chip through the serial 
I/O bus. 

Following output attenuation, 
which provides 0 to 94.5 dB of attenu-
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ation in 1.5-dB steps, the mixed sig­
nals exit the codec through pins for 
connecting to stereo headphones and 
telephone lines. Maximum line out­
put for both headphones and tele­
phone is 1 V rms, centered about +2 
V. The recommended minimum load 
impedance is 8 kn for line outputs, 
and 20 n for headphones. The head­
phone outputs are provided with an 
additional fixed gain of 6 dB to allow 
reasonable listening levels with 
weak digital-signal sources. 

The output attenuator is also con­
nected through an amplifier to dif­
ferentially drive a small monaural 
loudspeaker, whose minimum im­
pedance should be 32 n. The maxi­
mum signal level at the speaker pins 
is typically 2 V rms. All audio out­
puts can be independently varied. 
The 4215's serial interface transfers 
digital data and control signals to 
and from the codec. Signal-to-noise 
ratio is greater than 80 dB for CD­
quality sound. 

OPERATING MODES 
The codec's operating modes are 

selected by a host microcontroller 
through the Data/ Control Select line 
to the 4215's control interface and 
registers. The control mode loads the 
internal registers that control data­
mode operations. Register content 
determines such operating functions 
as handshaking, data-compression/ 
expansion format, monaural or ste­
reo mode, and data-conversion fre­
quency. The registers also control 
data-transmission operations, in­
cluding clock-source selection, bit 
rate, bits per frame, and loopback 
testing. 

Digital loopback causes data on 
the serial-data input to be sent out on 
the serial-data output pin for moni­
toring. Analog loopback internally 
connects attenuated right and left 
analog signals to the input gain 
stage. This allows most of the codec 
to be functionally tested from the 
CPU by sending a known digital sig­
nal to the DACs and monitoring the 
ADC data. 

In the data mode, digital data 
transmission between the 4215 and 
external devices occurs during data­
conversion operations. Data frame­
G N 
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Easy, Plug-In Solutions 
The world of DSP is far from simple. You 
need a secret code book to wade through its 
bevy of acronyms, a doctorate in mathemat­
ics to create its complex algorithms, and 
years of signal processing expertise to 
develop the necessary hardware. 
Or you need Burr-Brown. We've developed 
a line of easy, painless, plug-in solutions 
that let you concentrate on your 
application instead of the hairy details. 

From Chips to Systems 
• Need a direct interface ADC or DAC 

for one of today's DSP processor chips? 
• Need a DSP processor for your VME 

or PC platform? 
• Need one with high speed, high 

accuracy data conversion, single 
channel or multi-channel, or high 
dynamic range? 

• Need an easy way to create and 
execute DSP algorithms? 

• Need an inexpensive and simple 
approach to analyzing your analog 
signals? 

• Need a custom solution? 
We have your solution 

waiting, in most cases, 
from off-the-shelf. 

Over 30 Years of 
Signal Processing 
Ask around. We've been 

making and delivering high 
performance precision 

microelectronics for over 30 
years to a worldwide customer 

base. We're known for the 
highest performing data 

conversion products for signal 
processing available, and since 

1986, engineers have known us for 
some of the best DSP tools around. 

For more information about our 
product line or for a copy of our free 

brochure, call 1-800-548-6132, 
contact your local salesperson, or write: 
Burr-Brown CorporatiGn 
P.O. Box 11400 
Tucson, AZ 85734 
Fax (602) 741-3895 

BURR - BROWN® 

EIEI 
Signal Processing Solutions 
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How Fast Is A Flash? 
A Direct Comparison 

Density AMO Fastest Competitor 
256K 90ns 120ns 
512K 90ns 120ns 
1 Mbit 90ns 120ns 
2Mbit 90ns 150ns 

AMD Ships 2 
PLCC Flash 

SUNNYVALE - The computer 
industry takes a giant leap forward in 
pcrfonn:mce with the help of 1he new 
Flash memory family from Advanced 
Micro Devices. Inc. 

Flash memory is a high·density, 
reprogrammable . non.volatile 
technology that has a bright future in 
computation, laser pri111ers. network and 
1elecommunications hardware. Many 
military systems use flash 1echnology 
in radar and navigational applicaiions. 

Flash memory also has the potential 
to elimina1e mechanical hard disks and 
the need for cumbersome batteries. 
These are two of the biggest and heaviest 
obstacles in laptop and notebook 
computer applications. 

Today. Flash memory is the most 
cost effective replacemen[ technology 
for UV EPROMs and EEPROMs in 
applications that require in-system 
programming. Flash memories can 
literally be reprogrammed in a flash -

hence the name. 
Stondard, But With A Little More Flash 

AMD's Flash memory family 
cffcctivelyetches in silicon the de-fac10 
standard forth is burgeoning lechnology 
that is compotible with Intel's initial 
Flash architecture. 

Because AMO Flash memories are 
pin-for-pin compatible with the now 
standard architecture . AMO is 
positioned as an alternate source for 
design engineers and purchasing agentS 
alike. 

.. Alternate source may be an 
inadequate term," said Jerry Sanders. 
chairman and CEO of Advanced Micro 
Devices. "Given our speed and feature 
set.ourcustomerst.hinkofusnsasupcrior 
resource." 

Indeed. AMD's Flash memory 
family offers designers significant 
performance advantages (see chart), 
with speeds almost twice as fas t as the 
nearest competitor. 

Engineer Spontan~ously 



Chips And Salsa 
A Business Person's Guide To Silicon Valley 
Restaurants PAGE 7F 

MORNING EDITION 

ASHES! 
Megabit, 90ns, 
Memories 

. The AMO Flash family offers 
des~~n.ers a~d purchasers many 
packag1ngop1mns. Panicularlypopular 
IS AM D's advanced 2 Megabi1. PLCC 
part. 0 1hcr packaging oprions include 
PD~P. CD!P andLCCin 256K , 5 ! 2 K . I 
Mbu and 2 Mbit capacities. TSOP 
p;1ckages ~vi ii be ava ilable in lhc second 
half of this year. (LCC not currently 
available m 2 Mbir.) 

AMO's 2 Mbir Flash memories 
come com plcte ~v i1h embedded progran.1 
and cr:i~e algoruhms on board. These 
au1omat1calgorithmsspeedup1hcdcsign 
process and considernbly shonen time 
lo m~rke1. Previously, engineers were 
required to develop redious and rirne­
consummg .:1 lgorithms to implement in­
sysrem .reprogrammability. AMD's 
au1oma11c alg?rilhms also allow several 
Flash mc1~ones to be wriuen or ent)C(j 
ar once, ~uhout tying-up the CPU. The 
'Y''.cm " · now free to perfonn Olher 
lask!i while lhese opera1ions are in 

progress. AMO plans to include 
embedded algorithms in a fu1ure release 
of its I Mbit pan. 

Th. Uhra-Viole! Blues 
. Flash rcchnology is panicularly 

suncd to applicati ons requiring 
repi:osramming in place. because these 
devices can be reprogrammed in seconds 
and wi rh in 1hc sys1em. ' 

To update the code on a UV 
EPROM. the pan must fi rst be removed 
from 1hesys1em. Once removed, erasure 
can take up to a full 20 minutes. After 
rcpro¥ramming, the pan is rhen plugged 
b;ick tnto the system. The process can 
result '" d~mage 10 other componems, 
costly service calls, and headaches. 

Flash memories, on the other hand. 
can be bulk. erased in about one 10 two 
seconds. w11hou1 system disassembly 
Reprogramming can rhen ~ 
accomplished via floppydisk.overphone 
hnes. or even ISON 
(continued) 

Stop the presses! 
Advanced Micro Devices makes big news 

again~this time with an enhanced family 
of Flash memory devices. 

That's good news for veteran and new 
Flash users alike. 

Because our Flash devices are pin-for-pin 
compatible with Intel's existing Flash memory 
architecture. they establish the de facto indus­
try standard. 

Our standards. however. are a bit higher 
And so are yours. 
That's why our Flash Memory family offers 

densities. speeds and packaging options that 
improve performance and save board space. 
For instance. our advanced 2 Mbit PLCC 
part with a scant 90 nanosecond delay 

You can also choose from Flash devices 
in 256K 512K and 1 Mbit densities. As well as 
packaging options that fit your design best. 
including CDIP. PDIP LCC TSOP and PLCC. 

And you'll find implementation faster 
and easier than ever. because weve included 
automatic programming algorithms on all our 
2 Mbit devices. and soon on our 1 Mbit parts. 
too. So you'll spend less time writing code. 
and take less time getting products to market. 

To keep up to date with all the latest and 
greatest in Flash memory call AMO today at 
1·800·222·9323. And start making some 
headlines of your own. 

~ 
Advanced Micro Devices 

901 Thompson Place. P.O. Box 34 53. Sunnyvale. CA 94088. <!:> 1991 Advanced Micro Devices. Inc. 
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STEREO CODEC 

Left line input o-- -r---
Right line input .-------+Q Serial-data output 

Common-mode reference µ -law and ~----a Serial-port clock 
Left microphone input A-law encoder ..---- --0 Frame sync 

Right microphone input ~· ~~ ~----. Time-slot input 
..------------'-----------'----~~~ 

Serial-data input Time-slot output 

External sample-clock input Voltage-reference output 
External sample-clock output Voltage reference 

Crystal 1 input Monaural speaker 
Crystal 1 output 

Crystal 2 input 
Crystal 2 output v-.,_ _ _ ..J 

µ-law and 
A-law decoder 

Parallel 1/0 
Parallel 1/0 

Gata/control select 
Reset 

Power-down input 

L.,,.-) '-_.) 
Analog power input Digital power input 

'-_.) L.,,.-) 

Analog ground Digital ground 

Output 
attenuator 

Right line output 
Left line output 
Headphone common 
Right headphone 
Left headphone 

12. THE CS4215 INTEGRATES all of the function blocks necessary to mix analog and digital voice and music signals from different 
sources, and then deliver a monaural or stereo output to external speakers, headphones, and telephone lines. Left and right volume levels can 
be controlled independently. The input multiplexer selects between line- and microphone-level inputs. 

sync rate is equal to the conversion 
frequency selected by bits in the 
data-format register. 

As determined by the content of 
the serial control regis ter , each 
frame has 64-, 128-, or 256-bit peri-

ods, allowing up to four 4215s on one 
bus. Control of gain, attenuation, in­
put selection, and output muting is 
embedded in the data stream. 

Because one crystal can't drive all 
of the data rates encountered in mul-

Controller 

r-

~ 
r----1 

~ 
,---., 

• • • 

CS4215 
Serial clock 
Serial-data input 
Serial-data output 
Frame sync 
Time-slot input 
Time-slot output 

Data/control select 
Power-down input 
Reset 

CS4215 
Serial clock 
Serial-data input 
Serial-data output 
Frame sync 
Time-slot input 
Time-slot output 
Data/control select 
Power-down input 
Reset 

13. MULTIPLE STEREO CODECS can share the same 
data lines of a system controller. In this case, the serial11ata 
output and input lines are time-division-multiplexed between the 
codecs, and the time-slot output and input pins are daisy-chained. 

Ell:JE LEC TRO 

timedia sound re­
quireme nts, the 
4215 supplies four 
pins for connecting 
external crystals to 
two on-chip crystal 
oscillators. Fo r 
master clock-signal 
generation, one in­
ternal oscill ator 
generates clock fre­
quencies in multi­
ples of 8 kHz, and 
the other creates 
the rem am mg 
clocks . Typical 
crystal-oscillator 
frequencies are 
24.576 and 16.9344 
MHz. 

Another pin ac­
cepts an optional 
external clock in-
put, which must be 
precisely 256 times 
the system sam­
pling rate. The sys­
tem clock is provid­
ed on an output pin 
NI C DE S I 

SEPTEMBER 12, 1991 

for use by an external transmitter or 
another 4215 codec. By using time­
division multiplexing, multiple de­
vices can share the same data lines of 
various digital-signal processors, in­
cluding the 56001 form Motorola and 
any devices using the CHI bus from 
AT&T and Intel. (Fig. 3). 

The serial interface format has a 
variable number of 8-bit time slots, 
depending on the number of 4215s at­
tached to the bus. Each codec re­
quires 8 time slots, or 64 bits to com­
municate all data. Eight control reg­
isters have time slots for bits associ­
ated with status, data format, serial 
and parallel port control, test, and re­
vision. Time-slot assignments for 
data registers include left and right 
audio bits, output control, and input 
control. D 

PRICE AND A VAILABILTY 
The CS4215 stereo codec will be available 
in October for $30 each in quantities of 
1000. The CS4216 is priced at $23 each for 
the same quantities. 

Crystal Semiconductor Corp., P. 0. Box 
17847, Austin, TX 78760; Brad Fluke, (512) 
445-7222. CIRCLE 511 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

G N 

CIRCLE 
544 
545 
546 



The Most Diverse Family 
In Memory. 

Designs That Endure 
High Temperatures 

Consistant Performance 
At Low Powers 

Massive And Reliable 
Memory 

Perfectly Suited For 
Cold CUmates 

High Speed Processing 
Performance 

A Complete Llne Of 1-Meg SRAMs. 
Call Sony first. The largest selection of 1-Meg SRAM assures you 

can find the high performance, highly reliable memory you're looking 
for with just one call, so why go on a safari? 

technology, call us. Virtually every new idea in SRAM will be here at 
Sony first. And our U.S. design team (with their 0.8 & 0.5-micron 
CMOS technology) stands ready to get you the right product for your 
design; whether it's for a laptop or workstation. 
Call Sony Fhst. Fast or slow. Hot or cold. Even your massive memory require­

ments are right here. 
And we can ship the package styles most in demand for your new 

designs today - and tomorrow. Our new production facility in San 
Antonio, TX will build on the reputation for timely delivery that has 

We've got the product, backed by the Sony commitment to quality 
and service. And at competitive prices that make us the King of 

made us a breed apart. 
The Best Selection Of 
NewSRAMs. 
-40° to +85°c, 3 volts and 
X9.20nsec 

lf your current designs 
incorporate the latest 

the SRAM Jungle. 
Call today 714.229.4190 or 416.499.1414 in Canada. Or fax us 

Model 

1-MegSRAM 
Speed 

(ns) 
Packaging Data Special 

Retention Features 
Current 

Availability 

J28Kx8 -- CXK581000P ------ 100/120 -------- DIP 600mil ------- L/LL ------ B/X----------- Now 
-- CXK581000M ----- 100/120 -------- SOP 525mil ------ L/LL ------ B/X----------- Now 
-- CXK581100fM ---- 100/120 -------- TSOP (normal) --- L/LL ------ B/X----------- Now 

-- CXK581 JOOYM ---- 100/120 -------- TSOP (reverse) --- L/LL ------ B/X ---------- Now 
-- CXK58JOOJP ------ 70/85 ----------- DIP 600mil ------- L/ LL ------------------------- Now 
-- CXK58JOOIM ----- 70/85 ----------- SOP 525mil ------ L/LL ------------------------- Now 

-- CXK58!020SP ----- 35/45/55 ------- SDIP 400mil ----------------------------------------- Now 
-- CXK58102QJ ------ 35/45/55 ------- SOJ 400mil ------------------------------------------ Now 

128Kx9 -- CXK7791QJ -------- 17/ 20 ----------- SOJ 400mil ----------------------- Sync ASM -- 3/Q '91 
256Kx4 -- CXK54JOOQJ ------ 25/'.YJ/35 ------- SOJ 400mil ------------------------------------------ 3/Q '91 

L = Low LL= Low.Low B = 3 Volt X = Extended Temperature 

SONY 

your current requirements 
for a quick response from 
our technical staff 
714.229.4285 (fax) or 
416.497.1774 
(fax/Canada). 

Sony Corporation of Amelica, Component Products Company, 10833 Valley View St., Cypress, CA 90630 
Sony Canada, 411 Gordon Baker Rd. , Willowdale, Ontalio M2H 256 

Prices and specifications are subject to change without nollce. The purchase of products is subject to availability and Sony's standard terms and conditions of sale. Sony is a reglslered trademark of Sony Corporation. 
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We call it a FET Array. 



She'd call it a Miracle. 

Hammer. Anvil. Stirrup. Drum. 

Simple names for the complex......_. 

"llllrdw.,... U..t allows us to hear. If It's 

Injured-or congenitally detectlw-the 

deafness that occurs can't always be helped 

by conventional h-rlng aid. 

A cocltlear Implant bypmes the demage, 

delivering filtered and proceued amilog 

signals directly to electrodes Implanted deep 

In the Inner ear. The- signals stlmulata the 

audio n•-• In a natural way. allowing-In 

most ca--the deaf to h-r. 

T he variety of applications for our new RFA120 

never ceases to amaze us. But then. a linear array 
that combines both bipolar and J FET gain blocks 
can provide some pretty versatile characteristics: 

RFA120 FET Array 

Operating Range: ±SY to ±15V 

Input Offset Voltage: SmVtyp. 

Input Blas Current: 30pAtyp. 

Gain Bandwidth Product: 3.0MHztyp. 

Slew Rate (Gain= + 1 ): 8Vµ,s 

The RFA120 is a low power device that's ideal for 
signal conditioning applications. One of our 
favorites also takes advantage of its small size. 

It's a cochlear implant system that bypasses 
injured or congenitally defective "hardware" in the 

ear canal. The system converts audio signals to 
analog signals. routing them deep into the inner ear 
to stimulate the natural audio nerves that are 
"hardwired" to the brain. 

We're committed to analog technology. 

And we're committed to helping you develop 
creative. cost effective solutions. 

Our Win-Win program is a good example. 
It lets you get to market quickly with a semicustom 

array, then shift to full custom as sales increase. 

It's fast. flexible and makes good business sense 
because it eliminates the risk of going full custom 
before you're really ready. 

If you'd like more information on our analog 
arrays, give us a call at 1-800-722-7074. We'll 

send you our new brochure. 
Raytheon Company. Semiconductor Division. 

350 Ellis St. Mountain View. CA 94039. 

Raytheon 
Where quality starts with fundamentals 
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When you need 
to convert low-level 
current signals to 
precision voltage 
outputs, try our unique 
ACF2101 dual switched 
integrator. It's the only 
complete IC solution 
on the market, with 
Difet® op amps, 1 OOpF 
capacitors, HOLD and 
RESET switches, and 
output multiplexers on 
a single chip. 

ACF2101 eliminates 
problems often 
encountered with 
discrete integrator 
circuits, including 
leakage current errors, 
noise pickup, and 
charge injection. The 
resulting performance 
is several magnitudes 
better than discretes, 
plus it saves on board 
space and requires 
fewer parts! 

• USA OEM prices only 
Difet® Burr-Brown Corp. 

Direct 
Photodiode 
Interface 
ACF2101 interfaces 
directly to phototubes, 
photodiodes, and other 
low-level current sources. 
It's your best choice for a 
wide range of precision 
medical, scientific, and 
industrial instrumentation 
applications, including: 

• Airport luggage 
scanners 

• Blood gas analyzers 

• Chemical analyzers 

• CT scanners 

• Digital X-ray 
equipment 

• Electrometers 

• Nuclear particle 
detectors 

• Pulse oximeters 

CIRCLE 104 FOR U.S. RESPONSE 

Key 
Specifications 
• Low bias current, lOOfA 

• Low noise, lOµVrms 

• Wide dynamic 
range, 120dB 

• Low charge 
transfer, 0.1 pC 

• :=;lQOµA inputs 

• Two complete 
integrators 

• -40/+85°C 

• $18*in lOOs 

Free Samples Fast 
Contact your local 
Burr-Brown sales 
representative for 
evaluation samples 
and data sheets, or 
call 1-800-548-6132 for 
immediate assistance. 

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

BURR-BROWN® 

I II I 
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ELECTRONIC DESIGN REPORT 

12-BIT DIGITAL-TO-ANALOG CONVERTERS 

12-BIT DACS TAKE 
ON ANEW LOOK 

E L 

nee thought by ex­
perts to be impossi­
ble in monolithic 
form, the evolving 
12-bit digital-to-ana­
lo g converter has 
come to defy those 

predictions. Today, it's as common as 
the IC op amp. Monotonic perfor­
mance over temperature, long the 
dream of DAC users, is now the 
norm. In fact, it's virtually impossi­
ble to buy a 12-bit monolithic DAC 
that's not monotonic over its operat­
ing-temperature range. However, 
12-bit DACs are far from represent­
ing a mature technology. 

Monolithic 12-bit DACs can be 
roughly divided into two major cate­
gories, general purpose (Tables 1-3) 
and high-speed (Tables 4-5). No mat­
ter what type, though, system de­
signers (the market) are the driving 

ECTRONIC DESIG 
SEPTEMBER 12, 1991 

FRANK GOODENOUGH 

UBIQUITOUS 
12-BITDACs 
UNDERGO 
CHANGE 
To MEET 
USER NEEDS. 

force behind these I Cs, not technolo­
gists. As a result, old applications 
like vector-stroke displays and ana­
log-to-digital converters have virtu­
ally disappeared, and new applica­
tions spurred on by dropping prices 
have materialized. Such new applica­
tions as waveform reconstruction as 
well as trimming circuits and sys­
tems under host control are becom­
ing more cost-effective. 

Among general-purpose 12-bit IC 
DACs, several trends can be dis­
cerned: 

•Multiple DACs are being placed on 
the same chip. 

• Users are emphasizing features 
and packaging as more important se­
lection criteria than performance 
specifications. 

• A move is on to serial, digital I / Os 
that can be daisy-chained with other 
DACs. 

• Lower power dissipation, lower 
supply voltages, and/or single-sup­
ply operation are emerging trends. 

• Voltage-output DACs are begin­
ning to dominate. 

• 12-bit general-purpose IC DACs are 
becoming smaller, and are often avail­
able in surface-mounting packages. 

• DACs are appearing with a Clear 
input that sets the output to zero. 

• DAC architectures and processes 
are taking advantage of digital semi­
N [ii 
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12-BIT DIGITAL-TO-ANALOG CONVERTERS 

conductor technology. 

As for high-speed 12-bit IC DACs: 

• Old applications are rapidly eva­
porating, with new market-driven 
applications taking over. 

• Specifications are becoming more 
vital. 

• Current-output DACs are dominat­
ing. 

MORE FOR THE MONEY 
A few years ago, designers could 

purchase dual 12-bit DACs on the 
same chip, and they were soon fol­
lowed by quads. Now an octal 12-bit 
DAC has arrived-Analog Devices' 
AD7568 (Table 2, again). Albeit a cur­
rent-output multiplying DAC 
(MDAC), it illustrates many of the 
general-purpose trends. Its serial, dig­
ital 110 enables eight DACs to be 
crammed into a 44-pin quad surface­
mounted flat pack that's less than 0.5 
in. on a side. Board space is cut signifi­
cantly. Moreover, the AD7568 needs 
just 1 mW of power from a single 5-V 
supply. At $23 each in 1000s, its eight 
DACs cost under $3 each, a signifi­
cantly lower unit cost than an equiva­
lent quantity of single, serial-110, cur­
rent-output MDACs. In addition, its 
serial digital output can be tied to the 
serial input of another AD7568. In this 
way, many DACs can be fed their in­
put word on a single line in a technique 
called daisy-chaining. Inside and out­
side each package, a serial digital 
word from each DAC feeds the serial 
input of another DAC. 

Though digital designers are at 
home with AD7856's serial I/O, hav­
ing a basic knowledge of analog de­
sign is helpful with the analog 110. 
The latter requires selecting and hook­
ing up one or more de or ac references 
and up to eight op amps. On the other 
hand, dual and quad voltage-output 
DACs truly simplify the design job. 
For example, Burr-Brown's recently 
announced family of three dual DACs 
(the DAC2813/14/15, each with two op 
amps), and three quad DACs 
(DAC4813/14/15, each with four op 
amps), are all complete with refer­
ences (Table 3, again). The 
DAC2813/ 4813 offer a double-buff­
ered 12-bit-wide 110, the DAC2814/ 

mJE 

4814 have a serial 110, and the 
DAC2815/ 4815 include a double-buff­
ered 8-bit-wide 110 that takes data in 
two bytes (the eight most-significant 
plus the four least-significant bits). 
For true versatility, the 12-bit-wide dig­
ital I/O of the AD664 quad MDAC can 
take data in one, two, or three bytes, in 
any combination of three, 4-bit nibbles. 
Each DAC's output is applied to an ex­
ternal op amp. Only a single external 
reference (de or ac) is required, because 
the single reference input feeds all four 
DACs (a feature or a problem, depend­
ing on the application). 

Because some DACs provide a de-

12 bits 

gree of flexibility in the analog out­
put, you can select unipolar- or bipo­
lar-output voltages and/or one of 
several full-scale output ranges us­
ing application resistors in the pack­
age. Usually, the op amp's summing 
junction is available to add, for exam­
ple, a high-current buffer within the 
feedback loop, or even a higher­
speed external op amp. However, in 
many cases, the flexibility should not 
be used. Adding your own gain-set­
ting resistors may cause a problem. 
That's because the temperature co­
efficient (TC) of the resistors in the 
IC track each other and the DAC, 

CLC912 

I OUT 

12·bit 
DAC Convert 

Reference 
clock 

Sinewave lookup table (memory) 
(1 6k x 12 bits) 

24 bits 

14 bits 

A+ B Phase·angle 
A generator (24·bit adder) 

Phase increment 
from CPU Source: Comlinear 

I 
IN A DIRECT-DIGITAL frequency synthesis system, a phase-angle generator takes 
inputs from a CPU and generates fractional increments of a sine wave, which are then 
applied to a lookup table (memory). The system's output, the digital representation of a 
perfect sine wave, is applied to a digital-to-analog converter for conversion (when strobed by 
the clock) to an analog waveform with high spectral purity. 

LECTRONIC DESIGN 
SEPTEMBER 12, 1991 





A PE R S P EC TI VE ON ANA L OG S Y S T E M DES I GN 

Advanced Linear extends the 
boundaries of system performance. 
Innovative analog circuits from Texas Instruments add a new edge to 
Digital Equipment's proven market winners. They can do the same for you. 

r-r-: goa l Digita l Equipment 1 ~~rporat ion set was clea r: 
Strengthen its pos ition as the lead­
ing supplie r of Ethernet-based loca l 
area network products. Achiev ing 
the goal has been spurred by the 
use of Advanced Li near c ircuits 
from Texas Instruments. 

These leadersh ip !Cs meet 
growing industry demand for linea r 
c ircui ts that can improve overa ll 
system perfom1ance and rel iab ili ty, 
reduce costs and speed design 
cycles. 

These were prec ise ly the advan­
tages Digita l's designers needed. 

Expertise and teamwork 
carry the day 
For many years, Digital has used a 
wide variety of TI linear circuits -
from op amps to mixed-s ignal 
dev ices - and va lues our analog 
viewpoint toward system design. 

As Digital defined the require­
ments to meet its market goal, the 
decades- long relationship entered a 
new era of even more intense 
cooperation. With Digital handling 
system-level des ign and TI applying 
its linea r expert ise , the two tea ms 
fully utilized our LinASIC "' design 
methodology to create a series of 
mixed-signal Ethercell "'functions. 
They are the basis fo r the advanced 
linear devices Digita l requires. 

The design flow was aided by our 

Boston-area Regional Technology 
Center that prov ides access to 
Li nASIC deve lopment tools and 
by the extensive use of EDIF to 
exchange info rmation . 

Enhancing Digital's 
competitive edge 
To date, close teamwork has 
produced components that can 
enhance Digital's abili ty to respond 
quickly to market demands fo r 
featu re-rich but lower cost Ethernet 
and communications products: 
• A dual driver and dual rece iver 

IC that minimizes the number of 
components required fo r the 
Attachment Unit Interface 
(AUi) funct ion in an Ethernet 
network. 



I N T H E ER A 0 F M E G A C H I P '" T E C H N 0 L 0 G I ES 

receiver 
created to solve system­

level cross- ta lk noise problems in 
RS-232 , -485 and -423 applica­
tions. This full -custom device, 
fabricated in T l's Advanced 
LinC MOS"' process, is designed 
to meet EIA and CCITT specs. 

• A device that will be a complete 
AU! multi port concentrator on a 
chip. Fabricated in our 
LinBiCMOS"' process, it wil l 
replace a 6- inch by 12- inch cir­
cuit board that incorporates nine 
discrete ports, logic devices and 
analog circuitry. The new device 
will ti e any combination of as 
many as eight units into Ethernet. 

"Utilizing Tl's LinASIC mixed,signal design methodology 
allows us to design cost,effective solutions with aggressive 
time,to,market goals." 

• A single-channel lOBASE-T 
twisted pair interface chip that 
includes internal precompensa­
tion and fu ll duplex operation. 
Also fabricated in our 
LinBiCMOS process, this IC cuts 
component count and improves 
data transmission. 
The Ethercell devices developed 

by Digital and Tl will be incor­
porated in to our ex isting LinASIC 
ce ll library. 

Extensive mixed,signal 
capabilities 
As Digital recognizes, few in the 
industry can match our experi ence 
in analog des ign and digital design . 
This expertise enables us to effec­
tively combine high-performance 

- Nick llyadis, Product Engineer 
Telecommunications and Networks Group 

Digital Equipment Corporation 

analog functions with leadersh ip 
digital functions. The result ing 
mixed-signal devices typify our 
capabilities to design and develop 
the Advanced Linear circuits our 
customers need. 

Let us help you meet 
your challenge 
We are ready to provide infonna­
tion and ass istance , as well as 
access to the hardware and soft­
ware development tools you need, 
to help extend the boundaries of 
your system performance. 

O ur se rvice circles the globe, 
and our worldwide manufacturing 
capab ility can support your produc­
tion schedules wherever you are . 



A PERSPECTIVE ON ANALOG SYS TEM DES I GN 

Tl's analog viewpoint: From grocess 
technologies come Advanced Linear ICs. 
Tl's LinASIC mixed~signal methodology-

A cell-based design methodology allowing the combination of high-perfor­
mance ana log and digital functions on the same chip. This mixed-signal 
capability is used for many of our cata log products and fo r custom/semicustom 
solutions. It is supported by large cell libraries, design-automation tools and 
these Tl Advanced Linear wafer process technologies: 

LinBiCMOS - Combines Advanced 
LinCMOS, digital ASIC CMOS and up 
to 30-V bipolar technologies to allow the 
integration of digital and analog standard 
cells and handcrafted analog components 
on a monolithic chip. 

LinEPIC "' - One-micron CMOS 
double- level metal, double-level 
polysilicon technology that adds highly 
integrated, high-speed ana log to the high­
performance digital EPIC'" process. 

Advanced LinCMOS -An N-well, 
silicon-gate, double-level polysilicon 
process featuring improved res istor and 
capacitor structures and hav ing three­
micron minimum feature sizes. 

Power BIDFET"' - Merges standard 
linear bipolar, CMOS and DMOS pro­
cesses and allows integration of digital 
control ci rcuitry and high-power outputs 
on one ch ip. Primarily used fo r c ircuits 
handling more than 100 Vat currents up 
to 10 A. 

Multi-EPI Bipolar - A very cost­
effective technology that utilizes multiple 
epitaxial layers instead of multiple dif­
fusion steps to reduce mask steps by more 
than 30%. Used to produce intelligent 
power devices that can hand le loads as 
high as 20 A and voltages in excess 
of 100 V. 

Excalibur - A true, single- level poly, 
single- level metal, junction-isolated, com­
plementary bipolar process developed for 
high-speed, high-precision analog circuits 
providing stable op amp performance. 

For more information on our 
Advanced Linear process tech­
nologies and the products they are 
producing, call 1-800-336-5236, 
ext. 3425. 

lM Tradl'm<1 r~ 11f T l'X~ 1 ~ ln,tru nt1.: ni... ln i..:mr ur, Lt l'd 
© 199 1 Tl 08· 1009 

Tl's LinASIC methodology 
and Advanced Linear process 
technologies are enhancing 
these product families 

Data Transmission - This family 
meets the needs of most industry­
standard interfaces (EIA, IEEE, 
ANSI) and ranges from drivers/ 
receivers/transceivers to fully 
integrated controller/transceivers. 

Data Acquisition - The family 
ranges from stand-alone A/Os and 
D/As to complete data conversion 
subsystems on a chip; from general­
purpose functions to highly inte­
grated digital signal processor and 
graphics signal processor analog in­
terface circuits. Other specialized 
family members include telecom and 
speech synthesis functions. 

Intelligent Power - These 
devices combine high-voltage and/or 
high-current switches with the 
analog and digita l circuitry required 
to perform interface, control, protec­
tion and diagnostic functions in 
microcontroller-based systems. 

Operational Amplifiers - A 
family of op amps and comparators 
ranging from standard bipolar to 
leadership high-performance CMOS 
and Excalibur complementary­
bipolar devices, meeting needs rang­
ing from low power and/or low noise 
to high speed and/or high precision. 

Custom/semicustom Functions -
In modifying existing products to fit 
your needs or in defining your own 
unique functions, our LinASIC 
methodology allows access to exist­
ing analog cells used in the develop­
ment of our catalog products and 
compatibility with our digital cell 
libraries. 

TEXAS .,, 
INSTRUMENTS 



OCTOBER 
COMING 
ATIRA CTIONS ... 

D
id you know that the average 
Electronic Design reader is 
a 41-year-old male with 15 
years of experience and an in­

come of $55,000? Our annual Careers 
Special: Reader Salary Survey exam­
ines some of the issues that are upper­
most in the minds of design engineers. 
News Editor Sherrie Van Tyle presents 
data gathered from a study of our do­
mestic readers. Read about it in the Oc­
tober 10 issue of Electronic Design ... 

As digital signal-processing 
technology becomes more per­
vasive, semiconductor manu­
facturers are being pushed to 

come up with ever-more-powerful DSP 
chips. In the October 10 issue of Elec­
tronic Design , a Special Report by 
Semiconductor Editor Dave Bursky 
will give you a clear picture of the latest 
trends and issues surrounding these 
important I Cs ... 

0 
ur PC Design Series was creat­
ed specifically to serve the 
needs of our many readers de­
veloping PCs and peripherals. 

Everything from chip sets and single­
chip solutions to CISC and RISC micro­
processors, high-density memories, 
graphics, microprocessors, chip sets, 
peripherals, add-on/add-in boards, bus­
es, interfaces, input devices, and soft­
ware are thoughtfully discussed from 
the systems designers' point of view. In 
addition to these features, Electronic 
Design's October 24 issue will also 
carry our definitive PC Chip Sets De­
signer's Guide. This is an issue you'll 
want to keep and refer back to ... 

B 
ecause of the complexity of to­
day's design's, testing has be­
come a significant cost factor. 
In our October 24 preview of 

the ITC (International Test Confer­
ence), John Novellino, our resident Test 
& Measurement expert, examines the 
ATE/VLSI products and technologies 
that help reduce the high cost of test­
ing .. . 

B
oasting over 125,000 attendees 
and 1,700 exhibitors, COMDEX 
is the definitive showcase for 
new computer-related prod­

ucts, from systems and software to 

semiconductors and peripherals. Elec­
tronic Design's show preview exam­
ines the latest technology and product 
introductions. We offer an insider's 
look at trends in the computer market­
place and analyze the implications of 
these trends. Computers Editor Rich­
ard Nass will also take a close look at 
the latest trend in storage technology ... 

CIRCLE 120 FOR U.S. RESPONSE 

In every issue of Electronic De­
sign , our Technology Newsletter, 
New Products, and Quick Look sec­
tions bring you the latest in test & mea­
surement, computer-aided engineer­
ing, and components. And our innova­
tive Ideas For Design show you how to 
hook up the total system-from pas­
sive to active components. 
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e1antec opens your window 
to the video world! 

PIN BW(M Hz) S/R(V/µs) I/ O (rnA ) @IOOpcs 

El2020 50 500 ±32.5 $ 3.30 

El2120 100 750 ±80 3.75 

El2030 120 2000 ±65 4.35 

El2070 200 700 ±70 8.75 

El2171 150 1200 ±70 8.45 

El2424 160 200 ±50 12.00 

ilantec 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

EL2090 
DC Restore Amplifier 
• 100 MHz Bandwidth 
• 0 . 1 dB Flatnc» to 20 MHz 
• dG = O.O l'k. dP = 0.02°at NTSC 
• Nul ls D.C. Input Offset of Video 

Signal During Back Porch Period 
• $6.75@ 100 pcs. - P-DIP 

EL2082 200 MHz Current Mode Multiplier 
APPLICATIONS 
• Level adjusl for video signal 
• Video faders and mixers 
• Signal routing multiplexers 
• Va ri able act ive filters 
• Video monitor contrast control 

• AGC 
• Receiver IF gain contro l 
• Modulation/Demodulation 
• General "cold" front-panel control of AC signals 

BW(~IHz ) S/R(V/µs) l/O(mA) @IOOpcs 

70 2000 ±160 s 2.45 

180 2000 ±160 2.95 

100 ±230 3.45 

EL2082 200 MHz Current Mode Multiplier 
FEATURES 
• Flexible inputs & outputs, all ground refetTcd 
• 150 MHz large & small -,ignal banuwidth 
• 46 dB of ca librated gain control range 
• 70 dB isolation in disable mode @ 10 MHz 
• 0.15% di ff gain & 0.05°diff phase performance at NTSC using app. circuit 
• Operates on ±SY to ±ISV power ;uppl ies 
• Outputs may be paralleled to func tion as a multiplexer 
• $5.95@ 100 pcs. - P-DIP 

CALL efantec FOR OTHER VIDEO-SPECIFIC SOLUTIONS 

ElANilC, INC . • 1996 Tarob Courl • Milpitas, CA 95035 • (408) 945-1323 • (800) 333-6314 • FAX (408) 945-9305 
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ELECTRONIC DESIGN REPORT 

12-BIT DIGITAL-TO-ANALOG CONVERTERS 

while the TC of external resistors 
won't track the DAC, and may not 
track each other. 

I T TAKES ALL KINDS 
Although simpler in complexity 

and operation, DACs are more diffi­
cult to categorize than ADCs. As 
mentioned earlier, general-purpose 
and high-speed DACs represent two 
major categories. The former breaks 
down into current- and voltage-out­
put types, and into the number of 
DACs per IC. For example, you can 
have single-DAG ICs with voltage 
output (Table 1, again). Or you can 
have dual, quad, and octal current­
output DACs (Table 2, again), or 
dual and quad, voltage-output DACs 
(Table 3, again). Every category 
contains fixed-reference DACs and 
MDACs, and each DAC within each 
category may or may not have a ref­
erence. That is, a DAC without its 

own reference isn't necessarily an 
MDAC, and an MDAC may contain a 
de reference. On the other hand, 
high-speed IC DACs can be broken 
out into current-output types (Table 
4, again) and deglitched voltage-out­
put types (Table 5, again). 

Like ADCs, DACs can also be cate­
gorized by technology (process and/ 
or architecture), features, and appli­
cations. And, as noted earlier, while 
performance specifications are 
growing less important for general­
purpose types, features and I/Oare 
becoming the way to differentiate 
between DACs. 

Using specifications to select a 
DAC has dwindled in importance for 
two quite different reasons. First, 
virtually all of the DACs available to­
day meet basic de-accuracy specifi­
cations-they're 12-bit accurate over 
temperature. Second, most applica­
tions for general-purpose DACs 

don't need more speed or bandwidth 
than is readily available. 

Though monotonicity for 12-bit 
DACs is usually guaranteed over tem­
perature, and differential nonlinearity 
or DNL (which determines monotoni­
city) is usually guaranteed to be with­
in 1 LSB over temperature, and al­
ways within 1 LSB at 23°C, both speci­
fications are often actually better. 
Most suppliers offer DACs with supe­
rior de specifications. Integral nonlin­
earity (INL), or relative accuracy, are 
similarly specified. For example, Ana­
log Devices' AD667J guarantees a 
DNL of +3/ 4 LSB at 25°C and mono­
tonicity over temperature (Table 1, 
again). The higher-grade AD667K 
guarantees a DNL of +112 LSB at 
25°C and it too guarantees monotoni­
city over temperature. Minimum INL 
forthetwomodelsrun +1/2and +11 
4 LSB at 25°C, and +3/4 and +1/2 
LSB over temperature, respectively. 

TABLE 1. GENERAL-PURPOSE, VOLTAGE-OUTPUT, 12-BIT DACs 
Offset error (± LSB) Bus Nominal 

Reference Settling 
Unipolar Bipolar access supply Power 

time Full-scale time voltage dissipation Price Digital 
Model Ccnpany Int. Ext. Mull. (,,.S) 25-C Over temp. 25-C Over temp. range(V) (ns) (V) (mW) (1000s) l/D Features Packages 

AD667 Analog Devices • • 3 0.5 0.5 0.5 0.5 ± 2.5, ± 5, 100 ±15 375 $9.90 1,2,3, 21 , 22 41,42 
± 10,5, 10 4 

AD767 Analog Devices • • 3 0.5 0.5 0.5 0.5 ± 2.5, ± 5, 50 ± 15 600 $8.40 9 21 , 22 43 
± 10, 5, 10 

DAC-HZ12 Daiei • • 3(t) 2 2 NS 3 ±2.5, ± 5, NS ± 15 390 $42 1 21 41 
± 10,5, 10 

DAC-HK12 Daiei • 3(t) 2 2 NS 3 ± 2.5,±5, NS ± 15, 5 700 $68 1, 2,3 21 41 
± 10, 5, 10 

AD7848 Analog Devices • • 4 NS NS 4 4 ± 3 57 ± 5 95 $8.40 1,5 24, 25 41,44 

AD7845 Analog Devices • • 5 0.5 0.5 0.5 0.5 Upto10, 140 ± 15 210 $6.30 1,4 22,23, 42, 43,44 
± 10 24 

DAC813 Burr-Brown • • 5 0.5 0.5 9 9 ± 5, ± 10, NS ± 15 270 $9.00 1, 2, 4, 26 43,48 
10 8 

MAX501 Maxim • • 5 NS NS 0.5 0.5 ± 10 55 ± 15 210 $5.65 10 24,29 43,49 

MAX502 Maxim • • 5 NS NS 0.5 0.5 ± 10 55 ± 15 210 $5.65 9 24, 29 43, 49 

AD7233 Analog Devices • 10 8 8 6 6 ± 5 NS ± 15 210 $5.95 6 28 45 

AD7343 Analog Devices • • 10 8 8 6 6 ± 5, 5, 10 NS ± 15 210 $5.95 6,7 26,27 46,47 

Digital 1/0 Features Packages 
1 = 12-bil parallel 21 = op-amp summing junction available 41 = 28-pin double-width DIP 
2 = two banks of latches (double-buffered) 22 = microprocessor compatible 42 = 28-pin LCCC 
3 = 12-bit parallel input register with three sets of 4-bit latches. Takes data in any com· 23 = four on-chip gain-setting resistors 43 = 24-pin "skinny" DIP 

bination of 3-bit nibbles in one, two, or three bytes. 24 = ac specifications 44 = 28-pin PLCC 
4 = 12-bit DAC latch 25 = FIFO 45 = 8-pin DIP 
5 = 8-word FIFO with input and DAC registers 26 = Clear/Reset logic input sets all bits to zero 46 = 16-pin DIP 
6 = serial 27 = operates from single or dual supplies 47 = 16-pin SOIC 
7 = can be daisy-chained 29 = three on-chip gain-setting resistors 48 = 28-pin SOIC 
8 = 2-byte input latch, 4 MSBs + 8 LSBs 49 = 24-pin SOIC 
9 = 12-bit single-input latch (single-buffered) 

10 = 12-bit-wide, 2-byte input latch, 8 MSBs + 4 LSBs 

All specifications are maximums or minimums are at 25'C, unless noted typical (t) , and are over temperature. Int. = internal. Ext. = external. Mult. = multiplying. Settling time is to within ± 1 /2 
LSB of final value for a full-scale step. All devices are lowest-cost models, which guarantee 12-bit monotonicity over temperature. NS = not specified. 

E L E C T R 0 N I C D E S I G N mJ 
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At Gould , we're so sure about the 
reliability of our new 4060 family of 

high-performance digital storage 

oscilloscopes, we back them with the 

longest warranty in the industry. You're 

fully covered for as long as we manu­

facture the product-or five years­

whichever is longer. 
How can we make that promise? 

With complete confidence. 

Because we control quality every 
step of the way. Everyth ing from our 

ASIC and advanced surface-mount 

technology to our sophisticated burn-in 

process is designed to provide you 

with the most reliable DSO made. 

And the high performance you 

need for both repetitive and transient 
signal capture. 

Available in 2- and 4-channel 

versions, the 4060 gives you 

400MS/sec sampl ing at a 150MHz 



bandwidth , 8-bit resolution, on-screen 

signal measurement and analysis, plus 
glitch capture. What's more, you can 
get IEEE-488.2 and RS-423 interfaces, 

and an integral 4-color pen plotter 

or thermal array printer for instant 

hardcopy. Our intuitive push-button 
panel makes everyth ing strikingly 

high price. It's about half of what you 're 

used to paying. 
And you 'll find the same advan­

tages across Gould's entire line of new 

oscilloscopes. 
For an on-site demonstration, 

and details regarding the warranty, call 

Gould at (216) 328-7000. You 'll be glad 

simple to use. you did for years to come. 

In fact , about the only thing we 
haven't built into the 4060 series is a 

CIRCLE 132 FOR U.S. RESPONSE 
CIRCLE 133 FOR RESPONSE OUTSIDE THE U.S. 

Yes! 0 Rush me a free 4060 brochure 
O Have a Gould representative call to 

arrange a demonstration 
0 Send me a free DSO catalog 

Name: ___________ _ 

Title: ___________ _ 

Company: _________ _ 

Street: ___________ _ 

City: _____ State: __ Zip: __ 

Telephone: _________ _ 

Send to: Gould Inc., Test and Measurement Group, 
8333 Rockside Road, Valley View, Ohio 44125. 
Fax: (216) 328-7400. ED 9/91 



More 
guaranteed 
good news. 

Good news travels fast. 

Because now you can get the 

industry's longest warranty on the 

fastest digital storage oscilloscope 

in its class. 
The new Gould 465 portable DSO. 

CIRCLE 294 FOR U.S. RESPONSE 

The 465 gives you 100MHz 

bandwidth with a full 200MS/sec 

sampling on two channels-which is 
up to 20 times faster than similarly 

priced DSOs. Combined with 2GS/sec 

equivalent time sampling, the 465 

excels at capturing both repetitive and 

transient signals. 
That's in addition to all the 

advanced features packed into this 
small DSO, like automatic on-screen 

measurements, persistence mode, 

glitch capture, IEEE-488.2 (SCPI) and 

RS-423 interfaces, and a built-in 

4-color pen plotter. All intuitively simple 

to use. 
And like the rest of Gould's new 

line of DSOs, the 465 is warranteed as 

long as Gould manufactures the prod-

uct-or a full five years-whichever 

is longer. 

For an on-site demonstration, 
and details regarding the warranty, call 

Gould today at (216) 328-7000. You'll 
like what you see. Guaranteed. 

Yes! D Rush me a free 465 brochure 
D Have a Gould representative call to 

arrange a demonstration 
D Send me a free DSO catalog 

Name: ___________ _ 

Title: ____________ _ 

Company: __________ _ 

Street: ___________ _ 

City: _____ State: __ Zip: __ 

Telephone:-----------
Send to: Gould Inc., Test and Measurement Group, 
8333 Rockside Road, Valley View, Ohio 44125. 
Fax: (216) 328-7400. 

ED9t'Jl 
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ELECTRONIC DESIGN REPORT 

12-BIT DIGITAL-TO-ANALOG CONVERTERS 

TABLE 2. DUAL, QUAD AND OCTAL, GENERAL-PURPOSE 12-BIT CURRENT-OUTPUT DACs 
Specifications/features Units OAC7800/01/02 AD7537 /47 /49 HS7584 AD7568 

Company NA Burr-Brown Analog Devices Sipex Analog Devices 

DACtype 
Number of DACs NA Two Two Four Eight 
On-chip reference Y/N N N N N 
External reference Y/N y y y y 
Multiplying Y/N y y y y 

Specifications 
Monotonic (OT) Y/N y y y y 
Settling time µs 0.8 1.5 3 0.5 
Full-scale output mA 1 1 1 1 
Bus access time µs 0.04 0.1 0.1 0.04 
Supply voltage v 5 15 5 5 
Power mW 10 30/30/45 50 17.5 

Price 1000s $8.40 $12/$12/$14 $27 $23 
Feedthrough (10 kHz) dB -72 -70 NS --66 
DAG matching % 3 3 NS 2 
Crosstalk (10 kHz) dB -90 -70/-70/--62 (t) NS -76 (t) 
Digital 1/0 NA 2, 6/2, 10/9 2, 10/9/12 1, 2, 10 6, 7 

Features 
Clear/Reset input Y/N Y/Y/N Y/N/Y N y 
Reference input/DAG Y/N y y y y 
Analog ground/DAG Y/N y Y/N/Y N y 
Latch/DAG Y/N y Y/Y/Y y y 

Read back Y/N N N N y 

Packages N/A 46, 47 /43, 49/43, 49 43, 44/43/50-52 53, 55 56 

Digital 1/0 Packages 
1 = 12-bit parallel 43 = 24-pin "skinny" DIP 
2 = two banks of latches (double-buffered) 44 = 28-pin PLCC 
6 = serial 46 = 16-pin DIP 
7 = can be daisy-chained 47 = 16-pin SOIC 
9 = 12-bit single-input latch (single-buffered) 49 = 24-pin SOIC 
10 = 12-bit-wide, 2-byte input latch, 8 MSBs + 4 LSBs 50 = 20-pin DIP 
12 = 8-bit-wide, two-byte (double-buffered) input, 4 MSBs + 8 LSBs 51 = 20-pin PLCC 

52 = 20-pin LCCC 
53 = 44-pin PLCC 
55 = 40-pin DIP 
56 = 44-pin quad flat pack 

All specifications are maximums or minimums at 25'C, unless noted typical (t), and are over temperature (OT). Settling time is to within ±1/2 LSB of final value for a full-scale step. All 
devices are lowest-cost models, which guarantee 12-bit monotonicity over temperature. NS = not specified. NA = not applicable. 

Offset and gain errors also run less 
than an LSB over temperature, and 
these are usually adjustable to zero. In 
a system with an autocalibration 
mode, additional DACs, such as 8-bit 
devices, can often trim the offset and 
gain errors to zero. 

CAVEAT EMPTOR 

ization among suppliers, but stan­
dardization throughout individual 
data sheets as well. All de errors 
should be in LSB at 25°C or in LSB 
over temperature. Although some 
improvement has been made in re­
cent years, data-sheet error units are 
still typically distributed between 
LSB, percent of full-scale range 

Because DAC data-sheet specifi- (FSR), percent of FSR/°C, ppm of 
cations are often confusing and diffi- FSR/°C, and sometimes even in milli­
cult to understand, making an error volts or m V /°C. 
budget has become a designer's Recently, several suppliers of 12-
nightmare. There's a need to stan- and 8-bit ADC suppliers have begun 
dardize units used to define de er- moving to a "total unadjusted error 
rors , for example. One number over temperature" (TUEOT) specifi­
should also be used to specify bus- cation. Such a specification can truly 
access time. More and better MDAC help a designer determine system 
ac specifications are needed, as are performance. A TUEOT specifica­
additional specifications for dual, tion can slash production costs by re-
quad, and octal DACs. ducing test time. 

Not only should there be standard- Bus access time usually must be 
ELECTRONIC DESIG 
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deciphered from a table that lists 
half-a-dozen time periods, such as 
address-setup time, address-hold 
time, data-setup time, data-hold 
time, chip-select-to-write setup time, 
write-to-chip-select hold time, and 
write-pulse width. But when select­
ing a DAC, the user first wants to 
know how long that DAC needs to be 
on the processor's bus. And proces­
sors are getting faster every day. 

MDACs need ac specifications for 
the reference input, including 
feedthrough, bandwidth, settling 
time, and distortion. Adding such de­
tails can potentially increase their 
use significantly. Moreover, multi­
ple-DAG ICs need the matching and 
isolation between DACs on the chip 
to be specified. Some suppliers, how­
ever, provide some of these specifi­
cations (Tables 1-5, again). 
NGI 
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12-BIT DIGITAL-TO-ANALOG CONVERTERS 

Several new features, aimed di­
rectly at simplifying system design, 
are now being added to general-pur­
pose 12-bit DACs. For example, the 
Clear or Reset input permits a host 
processor to reset a DAC's output to 
zero at power-up or at the start of a 
calibration cycle. A Readback input, 
which lets the host check the last dig­
ital word latched in the DAC, re­
lieves the host's memory of that 
chore prior to each update. It also in­
creases system reliability by permit­
ting the host to double-check the 
word in the DAC at any time. It's an 
inherent feature of most serial-110 
DACs, which also have a serial digi­
tal output that can be daisy-chained. 

A feature found on some multiple­
DAC chips is a separate reference in-

put per DAC. Such a feature may be 
mandatory for some circuits, especial­
ly on MDACs that may be used to set 
the gain of multiple channels. When 
this feature is unavailable, it's usually 
because of a pin-limited package-re­
member, the bigger the package, the 
more expensive the device. It's obvi­
ously most practical to offer this fea­
ture on a device with a serial I/ 0 like 
the Analog Devices AD7568, which 
still uses 42 of its 44 pins. 

Eight of the 44 pins are used for a 
separate ground per DAC. Thus, de 
bias can be added to the output to 
take advantage of the chip's opera­
tion from a single 5-V rail. A feed­
back resistor is also provided for 
each DAC. Multiple DACs contain­
ing undedicated op amps (like the 

Burr-Brown DAC2814/15 and 
DAC4814/ 15), and/or op amps on the 
reference input (such as the Burr­
Brown AD7237 and AD7242) are also 
beginning to arrive. The op amps 
make it easier to drive the circuit's 
resistor networks and / or invert in­
put or output signal polarity. 

APPLICATION DYNAMICS 
It wasn't long ago that true 12-bit 

DACs were expensive. Major appli­
cations included using the DAC in a 
successive-approximation ADC (of­
ten military) and in creating vector­
scan CRT images, such as those used 
in "heads-up" displays for military 
aircraft and air-traffic control. Both 
demanded speed in the form of mini­
mal settling time. And the displays 

TABLE 3. DUAL, QUAD GENERAL-PURPOSE 12-BIT VOLTAGE-OUTPUT DACs 
Specifications/features Units DAC2813/14/ 15 DAC4813/14/15 AD7237/47 AD7242 AD7837/47 AD664 AD75004 DAC8412/13 MAX526 SP9345 MN1900 

Company NA Burr-Brown Burr-Brown Analog Devices Analog Devices Maxim Sipex Micro Networks 

DACtype 
Number of DACs NA Two Four Two Two Two Four Four Four Four Four Four 
On-chip reference YIN y y y y N N y N N N y 
External reference YIN y y y y y y y y y y N 
Multiplying YIN NIY/Y NIY/ Y N y y y N N N N y 

Specifications 
Monotonic (OT) Y/N y y y y y y y y y y y 

Settling time µs 6110/10 6/10/ 10 10 3 4 10 4 6(t) 10 15(t) NS 
Output range v c/c,e,h/c,e,h c/c,e,hlc,e,h b,d,e g c c,e ore b c,e e c c 
Supply voltage v ± 15/±15,5/ ± 15/± 15,51 15,-15 ± 5. ± 15 ± 15 ± 15,5 ± 12 5to±15 10, -5 ± 15 ± 15, 5 

± 15,5 ± 15,5 (opt.) 
Power mW 5701430/430 114018301830 165, 300 195 240 525 720 60 to 330 400 618 1845 

(opt.) 
Price 1000s $18/$15/$15 $26/$22/$22 $13 $12 $13 $30 $30 $30 $35 $45 $327 (100s) 
Feedthrough (10 dB NS NS NS NS -90(t) -75 (1 kHz) NS NS NS NS NS 

kHz) 
DAC matching LSB NS NS ± 0.2(t) NS ± 0.2(t) ± 1/2 ± 1 ± 1 NS NS NS 
Crosstalk (10 kHz) dB NS NS NS -110(t) -95(t) NS NS NS NS NS -80 

Digital 1/0 NA 1,2/6,7/2,10 1,2/6,7/2,10 2,12/1 ,9 6 1219 2,3 12 1,2 12,13 1,2,10 1,2 
Features 

Clear reset input Y/N y y N N N y N YIY N y N 
Reference input/DAG Y/N N/Y/Y NIYIY YIN y y N N N N N y 

Analog ground/DAG Y/N N N N y y N N N N N N 
Undedicated op amp Y/N N/Y/Y N/Y/N N N N N N N N N N 
Input amplifier IDAC Y/N N N Y/N y N N N N N N N 
Read back Y/N N N N N N y N y N N N 

Packages NA 41 41 43,44 43,48 43,49 41,53 54 41 ,42,43 43 41 57 

Full-scale output ranges Packages 
b = ± 5V, c = ± 10V, d = 5V,e = 10V,g = ±3 V,h = -10V 41 = 28-pin double-width DIP 

42 = 28-pin LCCC 
Digital 1/0 43 = 24-pin " skinny" DIP 
1 = 12-bit parallel 44 = 28-pin PLCC 
2 = two banks of latches (double-buffered) 48 = 28-pin SOIC 
3 = 12-bit parailel input register with three sets of 4-bit latches. Takes data in any combination of 3-bit nibbles in one, two, or three bytes. 49 = 24-pin SOIC 
6 = serial 53 = 44-pin PLCC 
7 = can be daisy-chained 54 = 24-pin double-width DIP 
9 = 12-bit single-input latch (single-buffered) 57 = 40-pin triple-width DIP 
10 = 12-bit-wide, 2-byte input latch, 8 MSBs + 4 LSBs 
12 = 8-bit-wide, two-byte {double-buffered) input, 4 MSBs + 8 LSBs 
13 = 8-bit-wide, two-byte (double-buffered) input, 8 MSBs + 4 LSBs 

All specifications are maximums or minimums are at 25°C, unless noted typical (t) , and are over temperature (OT) . Settling lime is to within ± 1 /2 LSB of final value for a fu ll-scale step. All 
devices are lowest-cost models, which guarantee 12-bit monotonicity over temperature. NS = not specified. NA = not applicable. Opt. = optional. 
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SPT7814 A/D Converter 
10 Bit, 1.3 Watts, 
40MSPS. 

erormance, 

Small Packages. 

'"' A,.;o,bOo e 
in 28-Lead LCC. 

SPT7810 A/D Converter 
10 Bit, 1.3 Watts, 

20MSPS. 

Now, 10-Bit AID Conversion At 20 and 40 MSPS is Easy. 
Small, fast, and monolithic -

the SPT7810 and SPT7814 pack 
more performance and features 
into the smallest packages ever. 
Their efficient architecture, with 
on-chip track/hold, eliminates 
external components and ensures 
full dynamic performance. And 
power is reduced to 1.3 watts 
typical. Input bandwidth is over 
120 MHz and input capacitance 
a mere 5 pF, so you no longer 
need a complicated drive amplifier. 
A generous ± 2 volt input range 
means that you can easily convert 
single-ended or bipolar signals. 

And the SPT7810 and SPT7814 

SIGNAL PROCESSING TECHNOLOGIES 

shine where it counts, with SNR and 
THO typically better than 56 dB at 
20 and 40 MHz sample rates and 
3.58 MHz input. Guaranteed dynamic 

performance makes these 10-bit 
AID converters ideal for your 
radar, imaging , instrumentation, 
and professional video applica­
tions. The SPT7810 and SPT7814 
are available in 28-lead DIPs 
and high-density LCC packag­
ing, to make your systems 
lighter, portable, and smarter. 
Our evaluation boards and exten­
sive applications support make 
design-in easy. 

So get big performance in small 
packages. For more information, 
call our New Product Hotline: 
719-540-3999 

SIGNAL PROCESSING TECHNOLOGIES, INC. 
1510 Quail Lake Loop, Colorado Springs, CO 80906 
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Whether you fax it, fire it, send it, 
measure it, wire it,compute it, 

10 ._,..._.._.,.,_........_......L..;;....__._., 
40 OQ 9Q 1® 

SFTfltNG T!Mf'-nS 
0l,JfplJ! Swing anct Error v.s. Siltttlng T l.m• 

Precision 

With the AD840, AD841 and 
AD842, there's no need to 
trade speed for accuracy. All 
three settle to 0.01 % within 
100 ns (840/8421 and 110 ns 
18411 - critical in data acqui­
sition and instrumentation 
applications-and offer low 
offset voltages and drifts, 
and fast slew rates. 

The Analog family of 

-
FETlnput 

For op amps requiring low 
input current, the OP-42, 
OP-44,AD845 and AD843 
are all remarkably fast-slew 
rates are 58, 120, 100 and 
250 V/µ,s, respectively. In 
addition, they offer offset 

voltages of less than 1 mV 
and extremely low current 
noise. 

Transimpedance Amplifiers 

The OP-160, OP-260, AD844, 
AD846, AD9617 and AD9618 
all utilize a current feedback 
architecture to achieve slew 
rates from 450 to 2000 VI µ,s 
without compromising 
stabiljty-even in hostile 

environments. Other benefits 
include low power dissipa­
tion and high unjty-gain 

bandwidth. 

If whatever it is you're trying to do involves high-speed op amps, Analog Devices 

is the company to call. With our current products and new introductions, we have the 

broadest line of high-speed op amps available. A line that gives you the right combination 

of speed, precision, noise and price. So chances are, we've got exactly what you need for 
Authorized North American Distributors: Alliance Electronics 505-292-3360 -Allied Electronics 817-595-3500 ·Anthem Electronics 408-453-1200 ·Belt lndustrWs 213-826-6778 



shoot it,. launch it, land it, test it, 
display it or air it, we've got it. 

• -speed op amps . 

''"'!---'--....1..._J'--'-:'=--L---l'-..l..LI 
1 10 100 

Fr~-MHz 

HarmonM: Distortion 

Buffen 

If you're looking for 
extremely low distortion 

buff en, look at the specs of 
the AD9620 and AD9630-
distortion at 20 MHz: 

- 73 dBc and - 66 dBc, 
respectively; fast settling 

time: less than Sns to 

0.02%; and extremely low 
noise: 2.2 nV/VHL 

General Purpose 

With the right combination 
of speed, precision, power 

dissipation and high output 

drive capability, the AD827, 

AD829,AD847, AD848, 

AD849 and OP·64 are ideal 
general purpose solutions. 

And they're ideally priced 

solutions- most singles are 
under $3, and duals are 

under$5. 

0
,' '--o ---',oo-"'-.---'-"*---'""..,,__"'....,"'---',.,.. 

Froquoncy-Hz 
lrput VoUaoa & Curren1 Noiee Spoclral Oeneity 

Low Noise 

It used to be you had to choose 
between speed or low noise. 

But with the AD829, you get 
both. It features voltage noise 

of 2 nV/VHz and curTent noise 

of 1.5 pA/VHz with a 50 MHz 
unity-gain bandwidth. Those 

specs, combined with the low 

price of $2.95/lOOs, make it 
ideal for both audio and video 
applications. 

whatever application you're working in. Call us at 1-800-262-5643, or write to Analog Devices, 

P.O. Box 9106, Norwood, MA 02062-9106, for a complete high-speed op 111111111111 ANALOG 
amp selection guide and ajree copy of our SPICE rrwdel library. W DEVICES 
Analog Devices, One Technology Way, Noiwood, MA 02062-9106. Distribution, offices and applications support available worldwide. 

Future Electronics · Hall-Mark Electronics 214-343-5000 ·Newark Electronics 708-784-5100 ·Pioneer Technologies Group 216-587-3600 

CIRCLE 300 FOR U.S. RESPONSE CIRCLE 301 FOR RESPONSE OUTSIDE THE U.S. 
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12-BIT DIGITAL-TO-ANALOG CONVERTERS 

needed minimal glitches as well (Ta­
bles 4 and 5, again). They also found 
more mundane applications in the 
feedback loop of industrial control 
systems and machine-tool and mili­
tary-positioning systems. Moreover, 
all of these applications required 
monotonicity over temperature. 

Applications are now changing as 
prices for monolithic 12-bit IC DACs 
continue to drop. Vector-scan CRT 
displays have gone the way of the 
steam locomotive. High-resolution 
displays have followed the video 
game and workstation to raster-scan 
machines driven by 8-bit RAMDACs. 
However, the availability of true 12-
bit DACs at low cost has brought on 
an avalanche of general-purpose 
DAC applications. 

General-purpose 12-bit DACs aim 
to be practical devices that simplify 

system design. This means that most 
general-purpose applications don't 
need to be blazing fast. While set­
tling times from 5 to 50 µs are suffi­
cient for a majority of general-pur­
pose applications, the settling time 
of most voltage-output general-pur­
pose DACs now runs between 3 and 
10 µs. If that's not fast enough, cur­
rent settling times can run as low as 
0.5 µs, and plenty of op amps can con­
vert that to a 0.5-µs settling time for 
a voltage output. 

There is one glaring exception to 
this lack of need for speed: DACs 
aimed at the direct-digital synthesis 
(DDS) of high-frequency wave­
forms. Their performance and appli­
cations are truly limited by technolo­
gy (both process and architecture). 
That is, the market is beating on the 
suppliers for better devices. Before 

talking about these denizens of the 
RF world, you may want to know 
just where are all of the zillions of 
general-purpose 12-bit DACs being 
used? And why do they need 12 bits? 

True, not all applications need 12-bit 
resolution, let alone 12-bit accuracy. 
However, you should consider 12-bit 
devices if more than 8 bits is required, 
because few 10-bit DACs are avail­
able. Moreover, you can usually drop 
12-bit DACs directly into 8-bit-DAC 
sockets, while forgetting about gain 
and offset adjustment potentiome­
ters. Again, design time and board 
space is cut, as are assembly and test 
times. 

Host-processor analog trimming 
of system zeros and setting and trim­
ming system voltage levels and 
gains (au tocalibration) represent 
major applications for general-pur-

TABLE 4. HIGH-SPEED 12-BIT CURRENT-OUTPUT DACs 
Specifications/ AD568k/ CAT104/ 
conditions Units 668 AD9712/13 DAC65 DAC812 105/506 CLC912 DAC-HF12 TDC1012/1112 

Company NA Analog Devices Burr.Brown Catalyst Com linear Datel TRW 
Basic applications NA TD FD FD TD FD FD TD FD 

Basic specifications 
DNL over temperature ± LSB 0.5 4 0.75 1 2 0.5 0.5 2 
INL over temperature ±LSB 0.25 4 0.75 0.5 2 1 0.5 2 
Monotonic over tern- Y/N y N y y y y y NS 

perature 
DACtype 

In-package reference Y/N y y y y y N y N 
Multiplying YIN N/Y y N N N N N N 
Logic NA m ECL/TIL ECL TIL TIL m TIL TIL/ECL 
Input latches Y/N N y N N y N N N 

Supply voltage v ±15 ±5 ± 15 ± 15,5 5 ±5 ± 15 ±5, -5 
Quiescent current mA 32 20(+5}, 30 (+15), 40 ( + 15), -50 75 35( +5}, 45( + 15), 25 ( + 5}, -180 

(+15), -165(-5) -65(-15) (-15),40(+5) -150 (-5) -15(-15) (-5),-180(-5) 
-9(-15) 

Full-scale output current mA a,b c d e,f j j h,i 40 
Compliance-voltage range v -2to1.2 -2to +3 ±1.25 ± 4 ± 1 ±1.2 ± 1.2 ± 1.2 

Dynamic Specifications 
Update (clock} rate MHz NS 100/80 35 NS 25/25/40 20 NS 20/50 
Settling time 

From digital input µ.s 0.035(t}/ 0.03(t) 0.030(t) 0.055(t) 0.040/ 0.025(t) 0.050(t) 0.02 
0.09(t) 0.040/ 0.020 

To % of full-scale range % ± 0.025 ± 0.025 ± 0.024 ± 0.012 NS/NS/ ± 0.025 ± 0.025 0.02 
±0.025 

Glitch impulse (area) pV-s 350(t) 100(t) 250 LSB-ns NS 100(t) 25(t} NS 25(t)/20(t) 
Spurious-free dynamic dBc NS -65(t)/-55(t} -66 NS NS/NS/-58 -58 NS 70(t) 

range 
Update (clock) rate MHz NS 50 20 NS NS/NS/20 20 NS 20 
Output frequency MHz NS 5 5 NS NS/NS/1 5 NS 5 
Package NA a b,c d e a d d d 
Price 1000s $28 $30 $25 $75 $44/NS/$54 $30 $155 $28/$31 

TD = time domain. FD = frequency domain. DNL = differential nonlinearity. INL = integral nonlinearity. NS = not specified. NA = not applicable. All specifications are maximums 
or minimums at 25"C unless noted typical (t). 

Full-scale output current 
a = 10.24 mA, b = ± 5.12 mA, c = 20.48 mA, d = ± 6.25 mA, f = -10 mA, g = ± 5 mA, h = 5 mA, i = ± 2.5 mA, j = 40 mA. 

Packages: 
a = 24-pin "skinny" DIP, b = 28-pin DIP, c = 28-pin PLCC, d = 24-pin double-width DIP, e = 24-pin triple-width DIP 
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• AVX would like to make a little noise 
about their expanded product line. 

Feedback has been tremendous. 

Since we added clock oscillators, 

resonators and 

trimmer potentiometers 

to an already extensive 

line of capacitors, 

AVX has people everywhere 

talking. Because the company that wrote 

the book on passive components has 

added another chapter. 

Through our associ­

ation with Kyocera, AVX 

has firmly established 

itself as the undeniable 

leader in passive components. And with 

a network of local, national and international 

distributors, we give you acces::;s;...---...t.dil 

to any part you need. 

Anytime. 

Ours is an industry where 

thinking globally is not just the key 

to victory, but to survival. That's 

why we've created distribution 

capabilities that offer solutions. No matter 

where you are. Or what you need. Plus the firm 

commitment to world­

class quality, service, 

technology and 

manufacturing you've 

always come to expect. 

From the company that 

always makes sound decisions. AVX. 

For more information about the AVX/Kyocera 

product line, contact AVX Corporation today by 

calling (803) 448-9411, or fax 

us at (803) 448-1943. Write 

to AVX Corporation, 

17th Avenue South, 

P.O. Box 867, Myrtle 

Beach, SC 29577. 

"Beep. Buzz. Ring. Tick. Hum." 

/~\V!J:< CORPORATION 
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A KYOCERA GROUP COMPANY 
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pose 12-bit DACs. In ATE systems, 
they set the levels on the pin-receiver 
comparators and on the pin drivers, 
and de-skew the time delays. In in­
dustrial control systems, the DACs 
provide both set-point and feedback 
signals. Taking the output of a host 
computer or processor, they control 
position, velocity, and acceleration of 
linear and rotary motion. Typical ex­
amples include the relative position 
and speed of motion between a ma­
chine tool's work piece and the cut­
ting head, the position of robot arms 
and valves, the acceleration and de­
celeration of material movers, and 
the speed control of the motors in a 
printing press. 

Instrument applications for 12-bit 
DACs include programmable power 
supplies/voltage-current sources, 
waveform generators (sine, func­
tion, and arbitrary), and pen-motor 
positioning in X-Y recorders. In in­
struments and data-acquisition sys­
tems, they implement autocalibra­
tion, adjusting gain and offset. Pre­
viously, 12-bit DACs positioned elec­
tron beams in CRTs. Now they can 
do it in electron-beam lithography 
systems. Feeding a high-voltage op 
amp, such as the Apex PA41, these 
DACs can drive a piezo "inchworm" 
micropositioning motor (ELECTRON­

lC DESlGN, June 27, p. 47). DACs with 
a serial digital I/O save pins, pack­
age size, and space on the pc board 
needed for running parallel buses, 
and permit readback operation. 
They're also a natural for digital-sig­
nal processors, where they can pump 
out serial data while the processors 
run calculations. MDACs lend them­
selves to digitally-programmable, 
variable-frequency filters and re­
mote gain control. 

WHERE IT'S AT 
Almost from their introduction, 

DACs have been used to generate 
waveforms. But in this instance, de­
signers usually used whatever de­
vices were available to do the job. It 
was only recently that a true market 
was defined: DDS or reconstruction of 
clean low-distortion high-frequency 
waveforms. Such applications are 
rampant in military and commercial 
sectors. The military uses these DACs 

Eil E 

TABLE 5. HIGH-SPEED 12-BIT 
DEGLITCHED VOLTAGE-OUTPUT DACs 

Specifications/conditions Units DAC-02320DAC 02315/DGL-02316 

Company NA ILC Data Devices 
Basic applications NA Time domain 
In-package reference Y/N y y 
Logic NA TIL ECL 
Input latches Y/N N N 
Full-scale output voltage mA ± 10, ± 5, 10 NS 
Update (clock) rate MHz 15 35 
Settling time 

From digital input ns 180 50 
To% of full-scale range % 0.01 0.01 

Glitch impulse (area) pV-s 750 530 
Package NA 24-pin double DIP Two, 24-pin double DIPs 
Price 1000s $163 $455 

All specifications are maximums or minimums at 25"C, unless noted typical (t), and are over temperature. Settling time is 
to within ± 1 /2 LSB of final value for a full-scale step. All devices are lowest-cost models, which guarantee 12-bit mono· 
tonicity over temperature. NS = not specified. NA = not applicable. 

in jam-proof and/ or secure spread­
spectrum and frequency-hopping ra­
dar and communications systems. 
Programmed by processors, 12-bit IC 
DACs shift carrier frequencies at far 
greater rates and more accurately 
than was possible with earlier tech­
niques (such as voltage-controlled os­
cillators and phase-locked loops). In all 
of these systems, both receiving and 
transmitting, the DACs do the job of 
the local oscillator. 

Spread-spectrum and frequency­
hopping systems are also wending 
their way into the commercial and 
consumer worlds. Applications 
range from wireless LAN s on the 
factory floor to cellular-telephone 
and other personal communication 
systems currently under develop­
ment. Once available at reasonable 
cost, microwave systems can also 
use DDS. Presently, professional 
video equipment is moving from 8-bit 
DACs to higher-resolution convert­
ers. And, if devices with the right 
mix of specifications and price be­
come available, the move to 12 bits­
especially with the rapid rise of 
HDTV-will accelerate. 

Conceptually, DDS systems are 
simple (see the figure, p. 64). More­
over, the theory and basic tech­
niques for such systems have been 
around for 25 years. Only recently, 
though, have DACs and digital ICs 
been able to do the job in a DDS sys­
tem, outside the audio range. 

A DDS system consists of three 
basic blocks: a phase-angle genera­
tor, a sine-wave lookup table (a mem-

L EC TRON IC DESI 
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ory), and a DAC. The phase-angle 
generator is typically a regenerative 
adder with latches. It functions sim­
ply as a phase register, adding ap­
propriate phase increases at specific 
intervals. The lookup table converts 
the phase position from the phase 
generator into a specific input code 
for the DAC. It, in turn, generates 
the analog output signal. The length 
of the word from the phase genera­
tor, and the frequency of the refer­
ence clock, determine the system's 
frequency resolution. 

The phase-angle generator (the 
register) holds the output frequen­
cy's phase angle in the form of a frac­
tion of one cycle. Additional bits just 
give the fraction greater resolution. 
The output frequency cons is ts of the 
clock frequency multiplied by the 
phase-increment fraction-the 
amount the actual phase is updated 
every reference-clock cycle. Using a 
24-bit adder, the output frequency 
fouT becomes: 

224 
f = f OUT clock 

Phase increment 
Much of the output-phase noise is 

controlled by ensuring that the ref­
erence-clock signal sent to the DAC 
latches has very low phase noise. 
Most DDS systems operate over a 
well-defined, relatively narrow 
bandwidth in the range of a few tens 
of kilohertz to several megahertz. 
The DAC output is filtered to smooth 
the sharp edges of the output stair­
case and eliminate any harmonics of 
the carrier in its operating band. 
G N 



Finally, engineering software that clears the 
way to problem solving without programming. 

void Servi 
. . CA 
int eid · ''t-"l >' 

I '< c; 
{ int stat, bYte; 
/*serial poll~~ d 
byte=hpib_spoll~ 
if ( (byte<O) I I ! 

printf ( "SRQ Prooz~ 
return; } 

stat=my_read(eid, DVM_ 
if (stat>O) { 

buffy[stat] = '\0'; i 
printf( "Data from 

else printf ("I/0 read 
return; } 

main () { 
int busid, stat, MTA, MLA ; 
char cornrnand[MAXCHARS]; 

busid=open("/dev/hpib7 " , O_RDWR); /*open raw HP-rli~~ 
MTA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 64; 
MLA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 32; 
stat = BUTTON_BIT ; 
sprintf (command , "KM%02o", stat); /* 2 octal digits *I 

WithHP VEE, 
you simply link the icons. 
Computers are great for problem 
solving, if only progranuning 
didn't get in U1 way and slow 
you down. And now, it doesn't 

have to. Because the HP visual 
engineering environment (HP VEE) 
lets you solve problems without 
programming. 

With HP VEE, you explore solutions 
visually by arranging and linking 
icons on the CRT. Each icon rep­
resents and executes a specific 
function for data collection, analysis 
-from simple mathematics to 
complex algorithms-and presen­
tation. You don't have to write a 
single line of code. 

There are two HP VEE software 
packages for prototyping, experi­
mentation, and problem modeling. 
HP VEE-Engine, at $995*, is a 

0 1001 HcwlNI r !Kknrd t •o 'l'MMHOHl6AIED CIRCLE 144 FOR U.S. RESPONSE 

CIRCLE 145 FOR RESPONSE OUTSIDE THE U.S. 

general-purpose tool for analysis 
and presentation of existing data. 
HP VEE-Test includes HP VEE­
Engine and adds extensive I/O 
capability, including soft panels 
and device I/O objects for $5,000*. 

So, if progranuning is keeping 
you from solutions, call 1-800-
752-0900. Ask for Ext. 2382, and 
we'll send a brochure on clearing. 
the way with HP VEE. 
* U.S. list prices. 

There is a better way. 

Ff/OW HEWLETT 
~all PACKARO 

See Us At Autotestcon 
Booth #316 
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The key to superior DDS perfor­
mance, however, is the DAC. That's 
because the spectral purity of the sine 
wave represents the single most im­
portant system specification. The 
DAC must convert the theoretically­
pure digital-input words into a usable 
analog waveform. Any nonlinearity in 
the DAC creates unwanted signal en­
ergy in the form of noise and in­
creased harmonics. The latter are usu­
ally called spurious frequencies, or 
"spurs." The key specification for 
DDC DACs is called a "spurious-free 
dynamic range," or SFDR. It's essen­
tially the ratio of the amplitude of the 
output sine wave's largest harmonic 
to the amplitude of that output sine 
wave (the carrier), expressed in dBc, 
or dB below the carrier. Because the 
ratio is a fraction, it will usually carry 
a negative sign. However, some DAC 
suppliers delete the sign. They home 
in on the word "range," considering 
that SFDR is a measurement of the 
number of decibels between the har­
monic and the carrier. 

Two additional specifications are 
required to define DDS-DAC perfor­
mance for the rated SFDR: the maxi­
mum update rate (maximum refer­
ence-clock frequency) the device can 
handle, and the maximum useful out­
put frequency. Theoretically, output 
frequency can go up to one-half the 
clock frequency (Nyquist). Howev­
er, system designers use a "rule of 
thumb" that says useful outputs are 
possible up to about 20% of the clock 
frequency. Though settling time, 
glitches, DNL, and INL are all im­
portant specifications, particularly 
for fast 12-bit DACs, no one has been 
able to correlate any of these specifi­
cations directly to the SFDR parame­
ter. In essence, we're revisiting the 
1970s. DAC suppliers must use all 
their magic (and luck) to design the 
best possible DAC. Then they build it 
and characterize it-then they know 
what they have. In fact, it may be 
possible to build lower-cost 10-bit 
DACs with SFDRs that will do jobs 
now using 12-bit DACs. 

Two families of these DACs from 
three suppliers virtually own the 
DDS field. But they're being chal­
lenged by another pair (Table 4, 
again). Presently, the AD9712/9713 

IIl) E 

(ECL/TTL) from Analog Devices, of­
fering maximum clock rates of 100 
and 80 MHz, respectively, are capa­
ble of the highest output frequen­
cies. At a 50-MHz clock rate, and 
while providing an output frequency 
of 5 MHz, the data sheet specifies a 
typical SFDR of -60 and -55 dB for 
the ECL and TTL devices, respec­
tively (the only conditions for which 
SFDR is specified). However, the 
settling times of both are typically 30 
ns. The DNL and INL of both are 
also the same. DNL runs a maximum 
of 2 LSB, and INL a maximum of 3 
LSB. The glitch impulse (area under 
the glitch) for each is typically 100 
p V-s (picovolt-seconds). 

MYSTERY CHIPS 
The best SFDR is provided by 

TRW's TDC1012/TDC1112 (TTL/ 
ECL) DACs, the first of which is also 
available from Comlinear as the 
CLC912. Both company's basic speci­
fications are similar. But their data 
sheets, although very complete, are 
very different. Comlinear doesn't 
use SFDR, but rather calls out a sig­
nal-to-(noise + distortion) or SIN AD 
specification. However, this is just a 
difference in wording. Either way, 
both specifications indicate the dy­
namics of the DACs' operations. Ac­
cording to Comlinear, if they had cre­
ated the data sheet (dated December 
1988) just a few months later, they 
too would have used SFDR (TRW's 
data sheet is dated 1990)-an indica­
tion of this fast-moving field. 

TRW specifies the TDC1012's 

SFDR at its maximum clock rate of 
20 MHz (typically 25 MHz) within a 
10-MHz bandwidth at four output 
frequencies of 1, 2, 5, and 6 MHz. 
Minimum SFD Rat 6 MHz runs 60 dB 
(TRW uses dB, not -dBc). Typical 
SFDRs at 1, 2, and 5 MHz run 78, 75, 
and 70 MHz, respectively. 

The TDC1112 guarantees a mini­
mum clock rate of 50 MHz and speci­
fies SFD R with 32- and 40-MHz clocks. 
With the 32-MHz clock, typical SFDR 
is 67 dB when putting out 12 MHz, and 
68 dB when putting out 10 MHz. With 
a40-MHz clock, typical SFDRs run 72, 
70, and 63 dB at output frequencies of 
1, 5, and 16 MHz, respectively. Note 
that SFDR isn't substantially im­
proved with the faster DAC. 

A look at linearity specifications 
shows that even the DAC manufac­
turer has difficulty correlating DNL 
and INL specifications with SFDR 
data. TRW, for example, provides 
four versions of the DACs with maxi­
mum DNLs of 112, 1, 2, and 4 LSBs 
(remember, DNL must be better 
than +1 LSB for monotonicity), 
while their maximum INLs run 1, 2, 
2, and 4 LSBs, respectively. All four 
versions, however, offer identical 
SFDR specifications, all settle to 
within 1/2 LSB in under 35 ns maxi­
mum, and all have maximum glitch­
es of 35 p V-s. 

Burr-Brown and Optimum repre­
sent the newcomers to the field of 
DACs for DDS applications. Burr­
Brown announced the DAC65 a few 
months ago, and now "startup" Opti­
mum is announcing the CAT506 (Ta-

A SAMPLING OF 12-BIT DAG SUPPLIERS 
Analog Devices Inc. 
Wilmington, Mass. 
(617) 937-1428 
CIRCLE457 

Burr-Brown Corp. 
Tucson, Ariz. 
1(800) 548-6132 
CIRCLE458 

Catalyst/Optimum 
Semiconductor Inc. 

Santa Clara, Calif. 
(408) 748-7700 
CIRCLE459 
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Comllnear Corp. 
Fort Collins, Colo. 
(303) 226-0500 
CIRCLE460 

Dateline. 
Mansfield, Mass. 
(508) 339-3000 
CIRCLE461 

Harris Semiconductor Corp. 
Santa Clara, Calif. 
(408) 996-5624 
CIRCLE462 

ILC Data Device Corp. (DOC) 
Bohemia, N. Y. 
(516) 567-5600 
CIRCLE463 
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Maxim Integrated 
Products Inc. 

Sunnyvale, Calif. 
(408) 737-7600 
CIRCLE464 

Micro Networks Corp. 
Worcester, Mass. 
(508) 852-5400 
CIRCLE465 

SlpexCorp. 
Billerica, Mass. 
(508) 663-9691 
CIRCLE466 

TRW LSI Products Inc. 
La Jolla. Calif. 
(619) 457-1000 
CIRCLE467 
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•• . RHD HHRT IT TRHES TO 
YOUR MORE DIFFICULT 

Frequency Convertors. Prescalers. Amplifiers. 
Switches. Small Signal and Power Transistors. 

And more. If you're looking for more design 
margin ... 

PRESCALERS 
Silicon and GaAs, 

circuit designs and layouts don't always 
behave the way you'd expect. 

Which can be extremely frustrating-

-Higher f T's 

-Greater gain bandwidth 

IOOMHz to t4GH1, Dual Modulus, 
Multiple Diwide Ratios, 

unless you've chosen a vendor that can 

also give you solid technical support. 

- Wider dynamic range 
Low Phase Noise, Low 

Supply Currenl/Vollage. We can. 

-Lower propagation delay 

'9flJ ... you won't find a broader range of cost-

- effective high-speed devices than we 

BIPOLAR TRANSISTORS offer at California Eastern Laboratories. 
Om 40 types, f,'s to 11GHz, But at higher speeds, conventional 
NF under l.OdB at SOOMH1, 

Gain to 18dB at SOOMH1, dozens 
of different packages. 

We're the exclusive North American 
source for NEC high-speed semi­
conductors. And we back our 
parts with the kind of engineer­

ing support that can shave SILICON ANALOG ICs 

weeks off your design cycle. DC to 1900MH1, Power to 20dBm, 
Gain to 24dB, NF low as 2dB. 

Amplifiers, Frequency Conwertors, 
Arrays, and LED Driwers. 



COMPLETE 
OHES. 

GaAs ANALOG ICs 

Just call. 
We have 25 years worth of appli­

cations information, all within an 
arm's reach. 

tOMHz to 20GHz, So there's no waiting for answers 
Power to 18dBm, 35dB isolation. to your questions. 

Amplifiers and Switches. 

And when it comes to data, our 

lab can provide device characterization specific 

to your project. And, if necessary, special 

selections specific to your circuit. 
Best of all, most parts can be shipped 

immediately, direct from onshore stock 

So if your projects demand parts with higher 

speeds and greater design margin , our Product 

Selection Guides are a good place to find them. 

To get a set, just fill out and mail this card. 

California Eastern Laboratories 
4590 Patrick Herny Drive, 
Santa Clara, CA 95056-0964 

Phone(408)988-3500 

FAX ( 408) 988-0279 

California 
Eastern 
Laboratories 

I 
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ELECTRONIC DESIGN REPORT 

12-BIT DIGITAL-TO-ANALOG CONVERTERS 

ble 4, again). The DAC65 specifies 
SFDR at clock rates of 20 and 35 
MHz. At 20 MHz, SFDR typically 
runs -73, -70, and-66 dBc for output 
frequencies of 0.1, 1, and 5 MHz, re­
spectively. For the same output fre­
quencies, but with a 35-MHz clock, 
SFDR typically runs -71, -68, and -

61 dBc, respectively. The DAC65 typ­
ically settles to 112 LSB in under 35 
ns, and its glitches typically run un­
der 250 LSB-ns. Maximum INL and 
DNL are better than 1 LSB. 

The CAT506 is built on a biCMOS 
process, unlike all of the other DDS 
DACs that employ bipolar technolo-

Programmable Wideband Amplifiers 
Full Power Bandwidth in Excess of 100 KHz 

• 60 dB (1 OOOx) Programmable Gain 
• 8-Bits of Digital Gain Selection 
• 20 Vp-p 1/0 Voltage Range 

The 830PGA Series programmable amplifiers are digitally controlled gain 
modules that were designed for conditioning DC-Coupled Wideband 
Signals in automated data acquisition systems. 

• ~ ... a.v-=-· - • 0 v. 'h u ... ,, 

60 ..... 830PGA-40 . ""'• 
... I I < • :· :· 00 • •• 

ii) 40 
"O -c 
-~ 

CJ 20 

0 

1 k 10 k 100 k 1 M 

Frequency (Hz) 

FEATURES 

• Programmable Gain Selection 

- to 60 dB in 2.0 dB steps 

• Internally Latched Control Lines 

• Precision Performance 
- to 40 dB in 1.0 dB steps 
- to 20 dB in 0.5 dB steps 

• Differential Input 

• High Slew Rate 

• Plug-In Ready-to-Use 

FRECJUEnCY 
DEVICES '" 

Call Us Today at 
(508) 374-0761 

25 Locust Street • Haverhill , MA 01832 • FAX (508) 521 -1839 
CIRCLE 288 FOR U.S. RESPONSE 
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gy. Its footprint meets that of the 
discontinued Brooktree CMOS 
Bt104 and Bt105. Like Comlinear, 
Optimum specifies SINAD instead 
of SFDR. With a 20-MHz clock, the 
CAT506 typically runs -59 dB while 
putting out 500 kHz, and -58 dB put­
ting out 1 MHz. With a 5-MHz clock, 
SIN AD increases to -65 and -64 dB, 
respectively. Maximum clock rate is 
40 MHz. The DAC typically settles to 
within 1/ 2 LSB in 22 ns and 35 ns 
maximum. Glitch impulse is typically 
100 p V-s. And like the DAC65, INL 
and DNL are better than an LSB. 
Both of these DACs meet general­
purpose-DAC criteria. 

Though conventional current-out­
put DACs provide only 1 or 2 mA of 
current, DDS DACs offer quite a bit 
more. Their full-scale currents range 
from 6.25 mA for the DAC65, to 20 
mA for the AD9712/ 13, to 40 mA for 
the remainder of the DDS DACs. 
Most DDS DACs have an internal 
load resistor through which the cur­
rent can be passed to develop an ac 
voltage on the order of 1 V. In fact, 
the settling time specification is usu-
ally based on the voltage developed 
across this resistor. On the other 
hand, with the exception of the 
DAC65, none have the usual applica­
tion resistors used with an op amp to 
create a voltage output found in con­
ventional current-output DACs. And 
the TRW / Comlinear DACs don't 
contain a reference. 

While there's no direct correlation 
between DAC SFDR and glitches, all 
DDS DACs are designed for low 
glitches. Comlinear defines glitch­
impulse area as the analog output 
transient that occurs when switch-
ing between two adjacent codes as a 
result of unequal turn-on and turn-
off times for the internal current 
sources. Burr-Brown defines it as 
the difference in the waveform at the 
DAC's output when skew between 
the data bits is and isn't present. A 
glitch occurs when the digital data 
changes from one code to the next 
and the bits don't all switch at the 
same time. The delay between when 
the first and last bits switch is called 
skew time. During the skew time of 
the digital data, which includes the 
DAC switching, the digital code is 

EF) E L E C T R 0 N I C 
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12-BIT DIGITAL-TO-ANALOG 
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undefined and the DAC output can 
go to any current or voltage level be­
tween full-scale maximum and mini­
mum values. 

In the past, so-called deglitched 
DACs were built by adding sample­
and-hold amplifiers at the output 
(Table 5, again). DDS DACs, on the 
other hand, are carefully designed to 
minimize internal skew. External 
skew in the arriving words on the 
digital bus is minimized by adding 
latches ahead of the DAC and strob­
ing all of the bits into the DAC after 
they've been latched. All but the 
DAC65 contain such latches on the 
chip. Burr-Brown suggests that add­
ing a deglitcher can improve SFDR 
by as much as 10 dB. It would be in­
teresting to see what adding a deg­
litcher to other DDS DACs could do 
for system performance. 

In most high-resolution DACs, one 
or more of the higher-order bits are 
segmented to ensure monotonicity. In 
a segmented DAC, multiple equal-cur­
rent sources replace the more-common 
binary-weighted sources and the R-2R 
networks. However, an n-bit segment­
ed DAC requires 2n-1 current sources. 
For example, in a segmented 4-bit 
DAC, eight equal current sources 
would be used for the MSB, four more 
identical sources for the next lower bit, 
two more sources for the next lower 
bit, and one source for the LSB. A total­
ly-segmented, 12-bit DAC doesn 't 
make efficient use of silicon compared 
with one that employs binary-weighted 
techniques using one source per bit. 

Until the recent arrival of the 
DAC65, it could at least be consid­
ered that the greater the number of 
MSBs segmented, the better the 
SFDR. The TRW /Comlinear DACs 
segment the six MSBs. With about 

A11atomy Of A Tra11sit And Operati11g Case. 

WE'VE COME UP WITH SEVERAL 
NEW ANGLES ON SHOCK MITIGATION. 
The 6061-T5 welded 
aluminum rack frame 
provides rugged 
durability and 
significant weight 
reduction. 

All Rack-Packs are 
ultra-durable, 
extremely flexible 
£"<:Ira High Molecular 
iVeight Polyethylene. 
The scuff resistant 
shells are designed to 
provide years of 
solid service. 

Rack-Pack cases meet 
or exceed the toughest 
Mil Specs, including: 
ATA300-CAT 1 
MJL-C-4150 
MJL-T-21200 

Concertina-like ribbing 
in the outer shell 

absorbs impact energy. 

interlocking ribs aid in 
shock protection and 

allow Rack-Packs to be 
securely "ganged" into 
modular workstations. 

New Quadra-Flex™ 
e/astometric shock 

mounts, installed on 
an oblique in each 

corner, absorb all 
vibrations transmitted 

to the interior 
regardless of the 

direct ion of impact. 

Rack-Pack covers am removable front and rear 
so equipment can be pre-wired. Set-up in the field 

becomes o matter of minutes, not hours. 

O ur new Quadra-Flex™ shock mounting system is the 
absolute latest in shock mitigation technology. By taking on 
incoming impact vibrations from any and all directions, the shock 
transfered to your sensitive equipment is reduced to virtua lly nil. 

Combine this exciting new angle with all of Rack-Pack's 
standard features and you have, without a doubt, the world's most 
sophisticated transit and operating case. And, as Rack-Pack 
continues to win bid after bid, the most cost effective as well. 

Give us a call today. Find out how our new Rack-Pack with 
Quadra-Flex shock mounting system is cornering the market. 

-, .. THERMOOYNE 
I :NTERNATIONAL Lm 

20850 S. Alameda Street, Long Beach, C4 90810 
(213) 603-1976 FAX (213) 603-1929 
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10 dB less SFDR, the Analog Devices represent just the tip of the iceberg. 
units only segment the top four These DACs essentially replace 
MSBs. The DAC65, on the other phase-locked loops in current designs, 
hand, employs no segmentation, re- because they switch frequency quick­
lying instead (like the 8 LSBs of the er, more accurately, and often at low­
AD9712/ 13) on a well-trimmed and er power and cost. In most cases, the 
stable thin-film R-2R network. The signal's output bandwidth is a few 
remainder of these DDS DACs use megahertz at most. That is, the output 
diffused resistors. In a different frequency may be varied from 1to1.1 
twist, the CAT506 is trimmed with an MHz, or from 5 to 7 MHz. As faster 
on-chip EEPROM. DACs become available and users be-

their associated output frequencies 
will begin to climb. 

On the horizon for 12-bit DAC IC 
applications include local oscillators 
for IF amplifiers in the 20-MHz 
range, then on to 35 MHz, 80 MHz, 
and finally to the raw, transmitted 
output signal itself. Even clock rates 
of 2 GHz aren't out of the question. 
By using MDACs like those from An­
alog Devices, the modulation can be 
applied to the reference input, let­
ting the clock create the carrier. 
NllEJ 

The major DDS applications for gin to realize what truly can be 
high-speed 12-bit IC DACs potentially achieved with them, clock rates and 
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Challenging the limits of 
is the core of our success. 

For NCR, it's defined by the very 
things that drive our industry. The 
changing technology that is the 
core of what we do. And people 
who join you in a partnership and 
provide service that actually 
exceeds customer expectation. 

Because our designers avidly 
pursue new ideas, they can help 
make the complex a bit simpler. 

And when your challenge is to 
design a system that goes beyond 
known boundaries - they will 
provide myriad resources to help 
you push that design to the limit. 

Those resources include industry­
leading products like mixed-signal 
ASICs, Ethernet and SCSI, already 
considered standards. Or, when 
your latest design requires a 

North American Sales Headquarters 
1731 Technology Dri ve, Su i1 e 600 
San Jose, Cali forn ia 95110 
1-800-334-5454 

custom solution, these products 
become the cores for unique 
devices - providing ever-increasing 
levels of integration in ever­
decreasing space. Moreover, 
because you can design systems at 
higher levels of abstraction ... 
you're free to explore a universe of 
limitless applications ... and still 
save time, money and reduce the 
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risks associated with new product 
introductions. 

And your design, when completed, 
will test and perform exactly as 
agreed. After all, your success, and 
ours ... depends on it. 

For more information, call 
NCR Microelectronics Division: 
1-800-334-5454. 

Asia/Pacific Sales Headquarters 
351h Floor, Shun Tak Centre 
200 Can naught Road 
Central Hong Kong 
011-85-2-859-6044 

Semiconductors 
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Frankly Fenton, when I named 
you Manager of excess inventory. 
this isn't what I had in mind. 

~·--···-····-·--r 
EXCESS I 

a11d . 
OBSOLE.TE I 

- tN\leHfoRY I 
I 

Tum your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

Call for your free guide to learn how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call 708-690-0010 
Peter Roskam 

Executive Director 

EillL 
P.O. Box 302 l , Glen Ellyn, IL 60138 

Fax (708) 690-0565 

Excess inventory today .. . student opportunity tomorrow 
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The first quantum jump in actual 
hardware could occur late this year 
or early next in Burr-Brown's 
DAC650. This mixed-technology 12-
bit DAC is expected to have a clock 
rate of 500 MHz and settle to 1/2 LSB 
in 5 ns. The two-chip hybrid uses sili­
con for those circuits that determine 
accuracy, stability, and linearity, 
and employs gallium arsenide for 
speed-driven circuits. In addition, 
Triquint Semiconductor has a con­
tract with the Defense Applied Re­
search Agency to produce a 14-bit, 
ultra-fast, GaAs DAC. 

In the future, general-purpose 
DACs will to continue to offer addi­
tional features and octal DACs pick­
ing them up. Very low-cost single 
and multiple 12-bit DACs designed 
for trimming circuits and systems, 
most probably circuits with serial I/ 
0, are also in the works. These 
DACs' monotonicity will be a must, 
but INL will be less important-per­
haps 10 LSBs or whatever specifica­
tion will provide a 6-sigma yield with­
out testing. There will be further use 
of on-chip EEPROM for trimming, 
initially by the supplier, and ulti­
mately by the user. Power needs and 
supply voltages will continue to 
drop, because the need for DACs to 
run off 3.3-and even 2-V rails isjusta 
matter of time. Such DACs will have 
to be true single-supply devices. 

More and more custom, or custom­
er-specific, DACs will enter the fold, 
such as the Analog Devices quad 
AD75004 (see Table 3, again). Called 
an LSM for Linear System Macro, 
it's made of cells from a standard­
cell library. It's the fastest-settling 
12-bit quad, voltage-output DAC 
available, with a 4-µs maximum rat­
ing. And while you can buy it off-the­
shelf, the company would just as 
soon tailor and package it to fill spe­
cific user needs. Because the cells 
needed for such changes are in a li­
brary, NRE costs to modify an LSM 
typically run one-third to one-half 
those of conventional ASICs.O 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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A picture is worth a thousand points 
in a time interval measurement. 

Sl620 Output 

The SR620 brings graphic statistical analysis 
to time interval and frequency measurements. 
The SR620 shows you more than just the mean 
and standard deviation - multimode frequency 
distributions or systematic drift for example. 
Histograms or time variation plots are displayed 
on any X-Y oscilloscope, complete with 
Autoscale, Zoom, and Cursor functions. 
Hardcopy to plotters or printers is as easy as 
pushing a button. 

HP5370B Output r----------------, 

( 100.038 ns ) 

L----------------~ 

Of course, the SR620 does everything else you'd 
expect from a high resolution universal counter, 
such as frequency, period, time interval, pulse 
width, rise I falltime, and phase measurements. 
The SR620 offers 25 ps single-shot time and 11 
digit frequency resolution and complete statistical 
analysis, all for a fraction of the cost of comparable 
instruments. 

For the whole picture, call SRS and ask about the 
SR620. 

Sl620 $4500 
• 4 ps single shot least significant digit 
• 25 ps rms single shot resolution 
• 1.3 GHz maximum frequency 
• 10-9 Hz frequency resolution 
• Sample size from 1 to 1 million 
• Frequency, period, time interval, phase, 

pulse width, rise and fall time 
• Statistics - mean, standard deviation, 

min max, and Allan variance 
•Analyzer display on any X-Y oscilloscope 
• Hardcopy to printer or plotter 
• GPIB and RS232 interfaces 
• Optional oven timebase 

{SRS) STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 
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DSP SOARD SLASHES 
IMAGE PROCESSING TIME 

" The DT2878 ADVANCED PROCESSOR 
for the PC AT accelerates Fourier 
analysis, geometric processing, 
and custom algorithms:' 

-Fred Molinari, President 

25 Mflops; 32-bit floating point 
·AT & T DSP32C processor 

2, 4 or 8 Mbytes data memory 

Extensive software support available 
·Advanced Image Processing Library 
More than 80 routines for: 

Fourier analysis, geometric processing, 
morphology, convolutions, statistics 

Callable from Microsoft C 
•AT&T C compiler and development tools 

OT -Connect TM 

• 10 MHz interface to Data Translation's 
DT-Connectfamily of frame grabbers 

Quantity pricing available 
FAST 5 day delivery 

Call for FREE Catalog 

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

THE LEADER IN DATA ACQUISITION AND IMAGE PROCESSING 

DA1'1 TRANSLATION. 
World Headquarters: Data Translation, Inc., 100 Locke Drive, Martboro, MA 01752-1192 USA, 15081481-3700, fax 1508) 481-8620, Tix 951646 
United Kincdom Headquarters: Data Translation Ltd., The Mulberry Business Part<, Wokingham, Bert<shire RGll 2QJ, U.K .. 17341793838, Fax 17341776670,Tix94011914 
Gennany Headquarters: Data Translabon GmbH, Im Weilerlen 10, 7120 Bietigheim-Bissingen, Germany 7142-54025, Fax 7142-64042 
lntemational Sales Offices: Allstralia 12169!>8300; Belgium 121 46EHll99; Brazil U 1124()-0598; Canada 14161625-1907; China 111513-7766 x 1222; Denmark 42 274511; Finland 1013511800; France UI 69077802; Greece UI 361-4300; 
Hong Kong 151 448963; India 1221 23-1040; Israel 52-545685; lta~ 121 82470.1; Japan 131 502-5550, 131 5379-1971; Korea 121 718-9521; Malaysia 3-248678-8; Netherlands (70) 399-6360; New Zealand 191 415-8362; Norway 121 53 12 50; 
Poland 1221 580701; Portugal UI 7934834; Singapore 338-1300; South Africa (12) 803-7680/93; Spain (l) 555-8112; Sweden 181 761 78 20; SwiUerland Ill 723-1410; Ta.,an 121 3039836 

OT-Connect is a trademart< and Data Translation is a registered trademart< of Data Translation, Inc. All other trademart<s and registered trademart<s are the prope~ of their respective holders. 
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DESIGN APPLICATIONS 

GUIDE TO 
DESIGNING 

WITH 
HIGH-SPEED 

CMOS ICs 
DESIGNERS 

NEED TO KNOW 
How To DEAL 

WITH CMOS'S INPUT 
IMPEDANCE AND 

FAST SWITCHING. 

MOS has undergone a major revolution. It 
started out as a slow, low-power solution with 
limited application. However, CMOS manufac­
turers have dramatically increased their prod­
ucts' speed. In fact, CMOS is now a viable alter­
native to bipolar technology in all but the fast­
est applications. 

This trend is expected to continue, with the 
fastest CMOS devices equaling or exceeding 

the performance of the fastest bipolar devices. In particu­
lar, high-speed CMOS programmable logic devices are 
pushing leading-edge technology. 

But to use this technology efficiently, a highly disciplined 
approach based on an understanding of high-speed design 
methods is required. For most designers, a CMOS device's 
internal architecture is a less compelling consideration than 
linking it to the real world in which it lives. 

A good analogy to designing with high-speed CMOS de­
vices is the difference between driving a good family car 
and a high-performance race car. The family car is a slow to 
fast vehicle, designed to get someone from point A to point 
B in relative comfort. The driving skills required are well 
within the realm of any good driver. In contrast, the high­
performance race car is an exceedingly fast vehicle de­
signed for optimum performance. The driver of this vehicle 
must understand the car's interface with the road-at high­
speeds-to fully exploit the added performance. 

In the same manner, the designer of high-speed systems 
must be aware of the device-board interface. For instance, 
failing to consider signal-return paths could result in in­
creased inductance, which causes excessive ringing and 
crosstalk. Improper termination could cause a signal to be 
so distorted that it would be rendered unusable. And 
ground bounce could result in reduced system speed or dou­
ble clocking. As speed increases, these issues become even 
more pressing. 

Two aspects of CMOS are critical to designing with the 
technology: high input impedance and fast switching. Input 
impedance is typically hundreds of thousands of ohms, ef­
fectively an open circuit. Switching time can be just 5 ns for 
a relatively slow part, such as a device with 25-ns propaga­
tion delay (tpn). 

Because MOS transistors are voltage-controlled devices, 
the only input current is the leakage current, which is usual­
ly less than 10 µA. As a result, the input impedance is ex­
tremely high. A signal line terminated only with high-im­
pedance CMOS inputs has poor high-frequency characteris­
tics. Spurious high-frequency noise is more easily coupled 
because there's nothing to dissipate the energy. In addition, 
the mismatch in impedance between the signal line and the 
CMOS input can result in reflections if the line is long 
enough to be considered a transmission line. Therefore, it's 
desirable to reduce the CMOS device's input impedance. 
This is usually done at the system level by terminating the 
signal line with an appropriate resistor value. 

Fast edge rates with CMOS are of prime concern. Para-
RUDY STERNER doxically, designers of CMOS devices must figure out how 
Advanced Micro Devices, 901 Thompson Pl. , P. 0. Box to slow down the edge, while designers of bipolar devices 
3453, Sunnyvale, CA 94088-3000; (408) 732-2400. must find a way to speed up the edge. To date, the fastest 
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DESIGN APPLICATIONS 

DESIGNING WITH 
HIGH-SPEED CMOS 
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(b) Power plane 

11. BETWEEN THE POWER·DISTRIBUTION options, the power bus (a) is 
the most economical, but it has a relatively high resistance and contributes to larger current 
loops. The power plane (b) solves both of these problems. But an entire layer, or a large part 
of one, must be reserved for the power plane. 

devices are bipolar but CMOS may 
overtake bipolar in the near future . 

CMOS devices have faster edge 
rates because the CMOS transistor 
has a much higher gain than the 
equivalent bipolar transistor. Be­
cause of its higher gain, the CMOS 
device can conduct more current 
when it first turns on. This allows the 
load capacitor to discharge faster. 
Higher gain results in the CMOS out­
put turning on sharper than the to­
tem-pole-bipolar output. The extra 
kick CMOS gets at the start of a tran­
sition causes many problems. The ex­
tra energy contributes to ringing 
and transmission-line problems. 

The power-distribution network 
has two separate functions . The first 
is to supply good, noise-free power to 
the devices on the board. Generally 
well-understood, this function 
should not present a problem to the 
system designer. The second is to 
supply a return path for every signal 
on the board. Noise and interference 
problems can occur if the signal re­
turn path isn't properly regarded. 
This especially holds true on high­
speed boards. 

typically when two-layer boards are 
employed. Power planes use an en­
tire layer as a continuous-metal 
sheet. A separate layer is used for 
each voltage level required. Power 
planes require costly multi level 
boards, yet they're the preferred so­
lution for high-frequency systems. 

The economical power buses are 
generally a poor choice technically. 
The buses have a higher de resis­
tance, which could result in a signifi­
cant voltage drop. Buses also con­
tribute to ground loops that cause 
noise problems. 

De resistance of a trace is propor­
tional to its cross-sectional area. By 
nature, power buses must be rela­
tively narrow to make room for the 
signal traces . However, narrow 
traces mean high de resistance and 
large voltage drops. Therefore, it's 
easier than might be expected to 

wind up with a 0.5-V drop from the 
power input connector to the device 
farthest from the connector. 

On a power plane, the cross-sec­
tional area includes the entire width 
of the board. This results in the 
smallest de resistance possible and 
virtually eliminates de voltage drops 
across the board. 

Power buses also contribute to 
ground loops, because the bus re­
stricts the signal-return path, mak­
ing it artificially long. A long return 
path results in a large ground loop. 

To help visualize this , consider the 
source and load. A source is anything 
that generates a signal-de, ac, or a 
logic transition. A load, the final des­
tination of the signal, can be an un­
terminated input to a CMOS device. 
For this discussion, CMOS input im­
pedance is so high that it can be con­
sidered an open circuit. 

If the signal is de, the load may not 
draw current. This depends on the 
nature of the termination. However, 
if the signal is ac or a transition, the 
load draws current because the load 
always has some capacitance (typi­
cally around 5 pF for a CMOS PLA 
device). Current flow is guaranteed 
by the relationship i = Cdv I dt. 

Current flow requires a closed 
loop. Therefore, with ac and transi­
tions, there is a corresponding signal 
return path, which is through ac 
ground, either ground or V cc· The 
combined signal and return path 
form a current loop that has an asso­
ciated inductance (Fig. 2) . 

In a signal line, inductance should 
be kept to a minimum. Excessive in­
ductance makes the signal line more 

Signal current loop 

Two options for power distribu­
tion are power buses and power 
planes (Fig. 1). The power-bus net­
work consists of two or more wide 
traces. One is for V cc, another for 
ground, and the rest for other de 
voltages required. This scheme is 
used whenever separate layers for 
power distribution are unavailable, mE 1

2. THE SIGNAL p ATH AND RETURN p ATH for all signals make up an 
inductive loop. The return path is ac ground, which can be either ground or V cc· Good design 
practice minimizes this loop. 
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INDUSTRIAL STRENGTH 
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Transportation Factory Automation Process Control 

Family Features 
• 36 Watts/in3 

50 Watts/inLS/imMod™ option 
• 80-90% Efficiency 
• UL, CSA, TUv, VDE 
• Inputs from 10 to 400 VDC 

85-264 VAC with 
Component Level Front Ends 

• Outputs: 2-95 VDC 
• Low noise FM Control 
• ZCS Power Architecture 

VI-JOO 
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• 25-100 Watts 
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Vl-200 
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• 50-200 Watts 
• -40°C to +85°C 
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From the harsh environment of the factory floor to 
critical pole-mounted signal applications, agency approved 
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kept industrial electronics under control. 

For immediate delivery of converters or for additional 
information call Vicar Express today at 1-800-735-6200. 
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susceptible to problems, such as 
ringing, interference, and crosstalk. 
Power distribution schemes that 
contribute to signal-line inductance 
should be avoided. 

The signal line and its correspond­
ing return path can be considered 
two wires in an inductive loop (Fig. 2, 
again). Loop inductance can be ap­
proximated by: 

L =Kl ln(d-r/r) 

where 

L = inductance 
K = a constant 
1 = line length 
r =radius of the wire 
d = separation of the wires 

The variable of interest is the wire 
separation (d). As the formula 
shows, inductance increases with 
wire separation. So inductance is 
minimized when the two paths are as 
close as possible-when the return 
path follows the signal path. With 
power buses, the signal return is con­
strained to follow the bus path. Un­
less the designer has the ground bus 
follow the signal line (which isn't al­
ways practical or possible), a large 
current loop develops. With power 
planes, the return path has no such 
constraint and follows the path re­
sulting in the smallest loop. 

In nature, everything tends to 
take the easiest path. The return 
path of a power plane is no differ­
ent-it has the least impedance for 

(a) 

Signal return path 
Smallest zn 

De return 
Path·smallest dell 
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ac signals. The impedance of a cur­
rent loop is proportional to its induc­
tance (XL = 27TfL). The impedance is 
smallest when the inductance is 
smallest. Therefore, if no con­
straints exist, as with power planes, 
the signal return path follows the 
signal path whenever possible. 

Ground and power planes supply 
the best overall power-distribution 
solution. They give wide paths for 
minimum inductance and resistance 
and allow the signal to take the opti­
mal return path (Fig. 3a). 

As good as power planes are, their 
benefits can be overridden by sloppy 
layout. If the plane is broken under­
neath the signal line, the return path 
must go around the break (Fig. 3b). 
Because the cut will make the loop 
larger, the signal will be more sus­
ceptible to noise problems. 

It is possible to inadvertently put a 
break in the power plane. Compo­
nents on the board require feedth­
roughs. These vias must be sur­
rounded by a space to keep the signal 
from shorting to the power bus. Con­
nectors and I Cs have a whole row of 
vias. If they are wide enough to 
touch, they will result in a break in 
the power plane. 

A VMEbus is a likely place for this 
kind of break to occur. If the holes 
for the connector pins are wide 
enough, the return current path is 
forced to the edge of the board. Here 
we have the worst of everything. The 
current loop is long and the return 

In 

(b) 

paths of various signals share the 
edge of the board. There's also high 
inductance and maximum crosstalk. 

LAYOUT RULES 
Armed with a handful of layout 

rules-besides using ground 
planes-a designer can avoid noise 
problems when using CMOS devices. 

1. Avoid artificial loops. Any time a 
line loops back on itself or two sec­
tions of a signal line are reconnected 
after a split, there's a current loop. 
These loops have inductance and are 
subjected to all the associated prob­
lems. Keep a single line from the 
source to the loads; don't loop back. 
2. Keep signal lines as short as is 
practical. Smaller signal lines are 
less susceptible to noise problems, 
such as radiation and crosstalk. If 
the devices were infinitesimal, this 
would not pose much of a problem. 
However, all devices have physical 
dimensions that must be accounted 
for. Inevitably, some related devices 
would have to be placed a distance 
from each other. It's a good rule of 
thumb to consider the physical lay­
out issues at the early stages of the 
design cycle. Later headaches could 
thus be avoided. 

A good example is the clock line, 
which has the system's highest fre­
quency components. Radiation from 
long clock lines could cause interfer­
ence both on and off the board. Early 
consideration of the clock-line layout 

Signal return path 
In 

13. IN A SIGN AL RETURN PATH, de follows the path of least resistance, which is the shortest path (a). Ac follows the path of 
least impedance, which is along the signal line. Note that any break in the return makes the loop larger (b). This could arise from an actual cut 
in the plane or vias for devices that are too close together. 
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• 

and high-speed systems. 
For both inductive and capacitive 

coupling, the effect is maximized 
when load impedance is maximum. 
CMOS input impedance is extremely 
high (hundreds of thousands of 
ohms). As a result, CMOS devices 
are highly susceptible to crosstalk. 
The effect can be minimized by ter­
minating the line at the load with a 
relatively small resistor. If practical, 
the resistor should equal line imped­
ance, usually 50 n to 100 n. 

TERMINATION 

• 
4. A SECTION OF SIGNAL LINES is separated by a ground trace. The ground 
trace should have ' aps to ground every A/ 4 to ensure low impedance. 

At switching speeds common to 
high-speed CMOS devices, most Jong 
signal lines are transmission lines. A 
good guideline is to consider a signal 
line a transmission line when line 
length exceeds two inches for every 
nanosecond of signal transition. For 
example, if a signal has a 3-ns rise 
time, any signal line longer than 6 
inches should be considered a trans­
mission line. 

could help minimize potential for 
problems. The clock line should be 
laid out before any other signal lines. 
3. Signal-line traces should be 8 to 
15 mils wide. Traces thinner than 8 
mils wide are more susceptible to 
noise. Traces wider than 15 mils tend 
to filter the signal, which increases 
the rise time. 
4. Avoid overlapping power planes. 
Boards with mixed analog and digi­
tal signals usually have separate an­
alog- and digital-power planes to iso­
late the analog-return path from the 
digital-return path. The planes are 
tied together at the power input to 
the board. If the power planes over­
lap (for example, the analog V cc 
plane overlaps the digital-ground 
plane), the return paths can capaci­
tively couple across planes, causing 
interference. It may be worthwhile 
to sacrifice a board and cut it around 
the plane boundary. No metal should 
be exposed on the cut edges except 
signal lines specifically intended to 
cross the boundary. 

A common problem associated 
with long signal Jines is crosstalk­
unwanted coupling of data between 
signal lines. It comes in two flavors: 
inductive and capacitive. Inductive 
crosstalk is the transformer cou­
pling between loops. It can be low­
ered by reducing loops. Capacitive 
crosstalk can be avoided by separat­
ing signal lines. 

Sometimes signal lines can't be 
separated. Physical constraints may 

require running some signal lines in 
parallel for a few inches. In cases like 
this, crosstalk can be eliminated by 
running a ground trace between sig­
nal traces. Capacitive coupling will 
be to ground and not the other signal 
trace. A little care is required in this 
instance. The separating trace must 
be a short circuit to ground. A long 
trace tied to ground at the ends is the 
same as an inductor connected to 
ground. For maximum decoupling, 
the trace should be tied to the ground 
plane at periodic intervals. One tap to 
the ground plane every quarter 
wavelength (A.) of the signal's high­
est frequency component is suffi­
cient (Fig. 4). 

The highest frequency component 
is related to the rise time (tR) or fall 
time (tF) of the signal, whichever is 
fastest. Separating the ground taps 
is determined by the formula: 

A./ 4 = ?TtR/tPDft 

where 

A.= wavelength 
tR =rise or fall time (ns) (fastest) 
tpn =signal delay time (ns/ft) 

By the way, tR doesn't necessarily 
have anything to do with the clock or 
operating frequency. CMOS has in­
herently faster transitions than bipo­
lar, even though the propagation de­
lays may be longer. Even a seeming­
ly slow CMOS device can have 2- or 3-
ns transitions. Therefore, crosstalk 
could be a problem on relatively slow 

The layout philosophy discussed 
earlier (keeping close physical prox­
imity between the signal line and ac 
ground) results in very good trans­
mission lines-sometimes called con­
trolled-impedance lines because the 
impedance of the signal line is nearly 
constant over its entire length. 

Good layout isn't enough, though. 
Even a well-laid-out controlled-im­
pedance line tends to generate signal 
reflections if not terminated proper­
ly. Termination impedance should 
equal transmission-line impedance. 

Now, let's turn to termination 
techniques. One basic scheme pre­
vents reflections at the load, usually 
with parallel termination. The other 
method allows the first reflection at 
the load but prevents the second re­
flection at the source, usually with 
series termination. Each approach 
has advantages and drawbacks. 

To stop reflections at the load, a 
designer must match load imped­
ance (ZJ to line impedance (Z0 ) . Re­
member that CMOS input impedance 
is essentially an open circuit. As a re­
sult, we must reduce ZL to match Z0 
by placing a resistor in parallel with 
the load that equals Z0 (Fig. Sa). 

Although parallel termination is 
cleanest, it may not always be practi-
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Ry 

~Vy 

Ry=Zo 

(b) Active termination (c) Yhevenin·equivalent voltage divider (d) Series termination 

15. TWO TYPES OF TRANSMISSION-LINE termination schemes are parallel and series. Parallel can be implemented with one 
terminating resistor {a); a resistor and a separate voltage source {b); or a Thevenin-equivalent network {c). Series termination is implemented 
with a series resistor at the source {d). Parallel gives the cleanest results, but series has the smallest power drain on the source. 

cal. Many CMOS devices are HCT 
compatible. This means that the de­
vices are designed to work with TTL­
level signals. The logic high level is 
rated at 2.4 V and -3 mA. A properly 
terminated 100-n transmission line 
(not unusual) would draw about 24 
mA, which can't be maintained by 
the output driver. Obviously, an al­
ternative approach is required. 

One such approach is active termi­
nation (Fig. 5b). The terminating re­
sistor (Jl.r) is tied to a voltage source 
(VT). VT is ac ground, selected so that 
the high-level and low-level currents 
are within the driver's capabilities. 

The advantage of active termina­
tion is that it allows correct termina-

Switching output 

Ouiescent·low 
output 

tion of the line's load end without un­
due stress on the driver. Its disad­
vantage is that a separate power 
supply is required, which may be too 
expensive for many applications. 

The expense of an active termina­
tion can be greatly reduced by re­
placing it with its Thevenin equiva­
lent of two resistors: one to ground 
and one to V cc (Fig. 5c). Resistor val­
ues are chosen so that Thevenin­
equivalent resistance is equal to RT 
and the Thevenin voltage is equal to 
VT· This technique has the benefit of 
the active termination without the 
extra power-supply expense. Unfor­
tunately, because the resistors are 
between V cc and ground, there's al-

16. RINGING INDUCED ON A LOW OUTPUT, because of ground bounce, 
can be large enough to cross the input threshold of the receiving device. The ringing can be 
severe enough to cause false signals or double clocking. 
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ways some current flow. With active 
termination, this isn't the case. 
Sometimes, the active termination is 
chosen because it's less of a drain on 
the power budget. 

The other approach to termination 
is to stop the second reflection at the 
source. The source is matched to the 
line. Driver impedances are typically 
in the range of 5 n to 20 n, which is 
lower than the line impedance. The 
terminating resistor must increase 
the source impedance to the line im­
pedance by placing a resistor in se­
ries with the driver output (Fig. 5d). 

The advantage is that the series 
resistor doesn't provide a load to the 
driver. The disadvantages involve 
the difficulty of matching the source 
and a slow down of the signal caused 
by series termination. 

HCT compatible drivers have 
three different impedances: low­
state impedance, transition imped­
ance, and high-state impedance. The 
low-state impedance is the small­
est-around 20 n for 24-mA devices. 
The high-state impedance is usually 
greater than 50 n. Transition imped­
ance is the output's impedance as it 
switches through the driver's linear 
region. It's somewhere between the 
two extremes. 

Because the driver has different 
output impedances, the terminating 
resistor can't match exactly. Design­
ers must choose a compromise value 
that allows some reflections, but at a 
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Our newT75 relay reaJly 
Ideal for applications h' • all kirid f requirement is as low 

~~~d~~1~entia1 lighting S mes Ill S 0 a~e~~~~~c~r.~~ ~;;;~ 
control applications to energy li ti' delivered in a compact, sealed 
management systems in commercial app ca ons package which stands just .591 II 

buildings, our new T75 PC board relay (15mm) above the PC board. 
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For more information, or to place an 
order, call: 1-800-553-1177 
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VISIONICS 
2953 Bunker Hill Lane, Suite 201, Santa Clara, CA 95054, Fax: (408) 492-1380 
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• Audio Transformers ranging in size 
from \4'' x \4'' to :W' x '~s". 20 Hz 
to 250 KHz. Up to 3 watts. 

• Pulse Transformers .05µSEC to 
100µSEC miniaturized construction. 

• Ultra-miniature DC-DC Converter 
Transformers. 40 watts . 

• Miniaturized Switchmode Inverter 
Transformers. 60 watts. 

• 400 Hz Power Transformers . 
Primary voltages of 115V or 26V. 
Plug-in construction . Ultra-miniature 

• Microphone/Transducer Audio Input. 
• MIL-STD-1553 Interface Multiplex 

Data BUS Pulse Transform.:..::e.:..;rs;,;.. __ 

• Inductance values to 20mH with DC 
currents to 23 amps 

PICO 
Electronics, Inc. 

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800-431 ·1064 
IN NEW YORK CALL 914·699·5514 

FAX 914°699°5565 
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tolerable level. This is usually done 
empirically. 

The series resistor also slows 
down the signal. The resistor and the 
capacitance of the line forms an RC 
time constant. This increases the de­
lay of the output signal. 

GROUND B OUNCE 
Ground bounce is a type of intra­

chip crosstalk. A high-to-low transi­
tion is coupled to any output in the 
quiescent-low state. The coupling 
mechanism is the inductance of the 
common ground bus and ground-pin 
bonding wire. The transition causes 
a current surge through the chip 
ground. This surge leads to a ringing 
of the inductance, which is coupled to 
any output that's in the low state. 

The CMOS device and the load 
make up an RLC network with a fast 
switch. The CMOS-output transistor 
is a fast switch. The load capacitance 
is the network's capacitance. The 
leads of the CMOS device are the re: 
sistance and inductance, of which in­
ductance is more important. 

As discussed earlier, CMOS's 
higher gain allows the load capaci­
tance to discharge faster. The fast 
switching speeds result in a larger 
di/ dt. The voltage across an inductor 
is V = Ldi/ dt; therefore, the chip in­
ternal ground has a corresponding 
voltage spike. 

Standard packaging techniques 
use one ground pin. Any signal on 
the ground pin is coupled to any out­
put sitting low. When more than one 
output signal switches, the currents 
add and the voltage drops across the 
lead inductance increases. As much 
as 2 or 3 V can be seen on a quiescent 
output (Fig. 6). 

The first method when dealing 
with ground bounce should involve 
PLCC packages. The lead length in a 
PLCC package is a quarter of the 
maximum lead length in a DIP. 
Therefore, inductance associated 
with PLCC packages is a fourth of 
the inductance with DIP packages. 
By shrinking the inductance, the 
voltage pulse can be reduced. 

Another way to reduce the voltage 
pulse is to lower the switching speed. 
Because V = Ldi/ dt, lowering di/ dt 
results in a smaller ground bounce. 

A look at a data sheet shows that a 
safe input level is above -0.5 V. De 
input voltages below -0.5 V can 
cause a condition called latchup. 
When the device goes into latchup, 
V cc is effectively shorted to ground. 
The resulting high current can de­
stroy the device. The only way to 
bring a device out of latch up is to re­
move V cc· 

On high-speed systems, over­
shoots exceeding -1 V are common. 
But this does not cause the device to 
go into latchup. Latchup requires at 
least 200 mA and must be present for 
hundreds of nanoseconds. Over­
shoot typically lasts less than 20 ns. 
The signal itself won't have nearly 
enough energy to support 200 mA. 

Overshoot shouldn't be ignored, 
though. Overshoot is usually fol­
lowed by ringing (Fig. 6, again). This 
slows down the system because the 
signal isn't valid until the ringing 
settles below the threshold voltage. 

Ringing can be diminished by plac­
ing a diode between the end of the 
signal line and ground. When the sig­
nal goes to a diode drop below 
ground, the diode turns on and snubs 
the signal, thereby stopping the ring­
ing. The diode must be faster than 
the signal's fall time. The longer it 
takes the diode to turn on, the less 
effective it will be. Any diode de­
signed for microwave or RF applica­
tions would be a good candidate: One 
such example is the MBDlOl.D 

References: 
Blood, William R., Jr. "ECL Systems 
Design Handbook," Motorola Semi­
conductor Products Inc., May ·1983. 
Lee, Sherman. "Am29000 32-Bit 
Streamlined Instruction Processor 
Memory Design Handbook," Ad­
vanced Micro Devices Inc., 1988. 

Rudolph Sterner, a senior applica­
tions engineer (member of the tech­
nical staff) at Advanced Micro De­
vices' Programmable Logic Group, 
holds a BSEE from San Jose State 
University. 
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the feeling of our new 
troubleshooting scope. 

Now there's a 100 MHz 
digital scope that handles 
just like analog. 
Digital oscilloscopes have cer­
tain advantages that are hard to 
overlook. But for troubleshoot­
ing, many engineers still prefer 
analog scopes. Simply because 
they like the way they handle. 

The HP 54600 changes that. 
It looks like a 100 MHz analog 
scope. All primary functions are 
controlled directly with dedi­
cated knobs. And it feels like one. 

• U.S. Prices only. 
t In Canada, call 1-800-387-3867, Dept. 428. 

The display responds instantly 
to the slightest control change. 

But when it comes to trouble­
shooting, the HP 54600's digi­
tal performance leaves analog 
and hybrid scopes in the dust. 
At millisecond sweep speeds, 
the display doesn't even flicker. 
Low-rep-rate signals are easy 
to see without a hood. It has all 
the advantages that only a true 
digital scope can provide. Like 
storage, high-accuracy; pre­
trigger viewing, hard copy out­
put, and programming. And 
since it's one of HP's basic instru­
ments, the HP 54600 gives you 

all this performance at a very 
affordable price. Only $2,395* for 
a 2-channel scope; $2,895* for the 
4-channel version. 

So, if you need the power of a 
digital scope, but like the feel of 
analog, call 1-800-752-0900. Ask 
for Ext. 2282,t and find out how 
well the HP 54600 handles your 
troubleshooting needs. 

There is a better way. 

Ff,0'9 HEWLETT 
~ea PACKARD 

Cl t991 Hewlett -Packard Co. TMCOL107A/ EO 
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-WE DESIGNED THE BEST 
ND CONVERTER IN NO TIME AT ALL 

.BUT THEN, WE HAD A 30~EAR 
HEAD STAITT. 
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8-bit resolution. 40 Msps. Two-step archi· 

tecture and CM OS technology that reduces 

power dissipation to less than 180m W. 

All with a significant cost advantage. And all 

from ~ single + 5 Volt power supply. 

That is the TMC1175, developed in only 

months by TRW LSI Products Inc. But then, 

that's what you can expect from the industry leader 

in high-performance ND converters. 

Our years of setting standards have given us 

the ability to respond quickly to changing needs in 

the industry, continually improving our line of 

And of course, TRW LSI backs you with all 

the support you need. With field and in· house 

application engineers. Application notes. And a 

full line VLSI 

Data Book. 

All with the 

full spec perfor· 

mance that is synon· 

ymous with TRW 

standards. 

Ask for the Data 

Sheet, applications 
TMC 1175 differential phase 

products in terms of performance and cost. The and other information 

same dedication to perfection that earned us an on the TMC1175 

Emmy award in 1989 for video-technology. today. You11 agree, 

With the TMC1175, video driving amplifi· it's an ND converter 

ers can be eliminated. The Track· and· Hold circuit 

is built-in; so is the voltage reference. All digital 

inputs and three-state outputs are TTL-compat· 

ible. And all performance specifications are guar· 

anteed over the· 20°C to 75°C temperature range. 

All of which makes the TM C 1175 excellent 

for Digital Television designs. Video Digitizing. 

Image Scanners. Multimedia. And low cost, high 

speed Data Conversion. It can even be used in . 

PC video board designs. 

The TMC 1175 is available in 24-pin plastic 

skinny DIP, 28-lead PLC~ and 24-lead plastic · 

SOIC (small outline) suitable for surface mount 

applications. 

that meets your stan· 

dards. From the com· 

pany that has been 

setting them for years. TM Cl 175 differential gain 

Call or write: TRW LSI Products Inc., 
P.O. Box 2472, La Jolla, CA 92038 
(619) 457-1000, FAX (619) 455-6314 

(800) TRW .. LSIP (800) 879-5747 

.an 
TRW tSI Produc1S Inc. 

STANDARDS SET. STANDARDS To BE MET. 
CIRCLE 234 FOR U.S. RESPONSE 





With 10-bit resolution and a speed of 40 
M.sps. a low-cost high-speed D/ A converter is 
here. The TDC33l0. 

Another timely move from the company 
who pioneered the Monolithic Video DIA 
converter. TRW LSI Products, Inc. 

Which means that now, you've got just 
what you need for low-cost video applications. 

Because you know TRW LSfs stan· 
dards. We provide more than innovation. We 
provide exactness. Performance specs with 
mins and maxes that you can rely on. 

The TDC3310 requires only a +5 Volt 
power supply and has TTL-compatible inputs, 

with a voltage output and a 
control that inverts video 
levels. It's ideal for recon· 

• 

structing both composite 
and component wave· 

forms, including NTSC, PAL, SECAM and 
RS-343A. And with data decoded and regis­
tered ahead of the current switches, the results 
are outstanding low-glitch characteristics. 

In essence, you're getting studio video 

quality and performance. At a consumer price. 
Furthermore, the TDC3310 has a low­

cost high-speed AID companion - the 

TMC1175. And add the TMC2242 for half­

band digital filtering - reducing your design 
complexity and cost. 

The TDC3310 is available in a 32-lead 
plastic (leaded PLCC and 28-pin plastic DIP 
packages, and is 
guaranteed over the 
0°C to 70°C tem­

perature range. 
All with the 

full spec perfor­
mance that is 

synonymous with 
TRW standards. 

Ask for the 
Data Sheet, appli­
cations and other 
information on the 

TDC3310 today. 
From the company 
whose standards 
get even better 
with time. 

TDC3310 differential phase 

Call or write: TRW LSI Products fnc., 
P.O. Box 2472, La Jolla, CA 92038 
(619) 457-1000, FAX (619) 455-6314 
(800) TRW .. LSIP (soo) 879-5747 

TRW LSI Products Inc. 

STANDARDS SET STANDARDS To BE 
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WE'RE BREAKING NEW GROUND 
BY MAKING IT EASY TO PUT 

SCSI ON THE MOTHERBOARD 
Introducing Adaptec's new AIC-6260. 

You're already a big believer in the performance and 

connectibility of SCSI. But you're also digging around 

for an uncomplicated way to design-in SCSI to your 

AT motherboard. Well .. Eureka I Now with Adaptec's 

new AIC-6260, you've just hit pay dirt. 

After all, it makes a lot of sense that a single-chip 

solution is easier to design-in than multiple chip pack­

ages. They're also more reliable. And take up less real 

estate. Plus, since we've built the AT bus in, designing 

SCSI in is as easy as connecting signal lines dot-to-dot 

What's more, we get you to market in the fastest 

possible time. That's because industry-standard , 

Adaptec-developed SCSI software drivers and BIOS 

are ready and available. For all major peripherals­

under all major operating systems. All this , and a 

complete design-in package, too. Which means, you 

can now afford to design the performance and connec­

tivity of SCSI in your system as a standard feature . 

So step on it. And call us at 1-800-227-1817,ext. 52 

today. We think you're going to really dig it. 

adaptec •dAptrl inc 
A.I 1 ( l\IJ • 
'/\I\ 

~·1;11,,11 E 

" ::mm• 11 • 

When you're serious about SCSI. 

1991 Adaptec, Inc 
CIRCLE 82 FOR U.S. RESPONSE 
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MULTICHIP MOD· 
ULE PACKS PC 
NOTEBOOK LOGIC 

AIMED AT THE HEART 
of most space-conscious 
notebook computers, a mul­
tichip module containing all 
of the motherboard control 
logic for 80386SX-based sys­

tems provides designers with one of the most compact so­
lutions to date. Developed by Appian Technology Inc., 
Sunnyvale, Calif., the A90 module contains all standard 
peripheral control and power management functions in a 
262-lead plastic pin-grid array package or a 256-lead 
quad-sided flat package. Appian also developed the logic 
chip set employed in the module-the System 90/SX lo­
cal-bus chip set. The company's P94 power-management 
controller also is included. The local bus architecture of 
the logic chips bypasses the historically slow address and 
data-path bottlenecks of typical systems. By reducing 
the board area required by the large chips, the mother­
board of a notebook PC can be reduced to an area mea­
suring less than 30 in.2. In 100-unit lots, the plastic PGA 
version of the A90 sells for $95. Contact Lou Williams, 
(408) 730-5465. DB CIRCLE 560 

PADDLE FLOPPY 
CHIP SIMPLIFIES 
IDE CARDS 

A SINGLE "PADDLE 
chip," which saves as many 
as ten chips currently used 
to implement the floppy-disk 
controller and IDE interface 
logic, makes the design of 

IDE interface cards a snap. The FDC37C75 puts the func­
tionality of an entire floppy-disk controller and integrat­
ed-drive-electronics (IDE) interface into one 68-lead 
package. The chip, from Standard Microsystems Corp., 
Hauppauge, N.Y., includes the 765B floppy-disk control­
ler, a digital data separator, address decoder, crystal os­
cillator, software and hardware power-down and reset 
capability, game-port decode logic, the IDE interface 
logic, and a 1.8432-MHz clock output for direct drive of 
external I/O devices. In lots of 10,000, the chip is $3.95. 
Call John Burgess, (516) 273-3100. DB CIRCLE 561 

cassette is included to prevent a projector's heat from 
harming the panel during long presentations. Both ma­
chines offered by the company-the 386SX-based Rever 
Cruiser 3S notebook and the older 286-based Cruiser 2-
have the removable display. Both systems also include a 
normal-size keyboard, a 40-Mbyte hard-disk drive, a 1.44-
Mbyte 3.5-in. floppy-disk drive, two serial ports, and one 
parallel port. The 3S has a list price of $3495 while the 
Cruiser 2 lists at $2495. Both systems will be sold in the 
U.S. by NovaCorp International Inc., Rochester, N.Y. 
Contact Gabe Hamidian, (716) 723-8640. DB CIRCLE 562 

CHIP SET TRIMS 
EISA LOGIC To A 
TRIO OF ICS 

TAKING AIM AT SIMPLI­
fying the design of EISA­
based PC motherboards, a 
chip set developed by Sym­
phony Laboratories, Santa 
Clara, Calif., cuts the logic to 

just three 160-lead chips. Those chips include the 
SL82C471 cache and DRAM controller, the 82C472 EISA 
bus controller, and the 82C473 DMA controller. The chips 
enable a 386-based system to run at clock frequencies of 
up to 40 MHz, and 486-based systems to run at up to 50 
MHz. Included on the 82C471 is a write-back cache con­
troller with built-in tag comparator. Integrating the 
cache and DRAM control allows concurrent CPU-cache 
and DMA/master operations with bus snooping, improv­
ing system performance. To build a complete EISA 
motherboard with a baby-AT footprint requires just ten 
simple TTL components. Contact the company at (408) 
986-1701. DB CIRCLE 563 

CPU CARD TURNS 
MAC INTO MIPS 
WORKSTATION 

A NUBUS CARD CON­
taining an R3000 32-bit CPU 
module can turn an Apple 
Macintosh platform in a 
MIPS-based Unix worksta­
tion. The card, developed by 

Integrated Device Technology Inc., Santa Clara, Calif., 
contains IDT's version of the R3000 RISC processor, the 
companion floating-point unit, instruction and data 
caches, local DRAM storage, and space for an optional 
SCSI port that offers higher throughput than the stan­
dard Apple SCSI interface on the Mac. The Macstation 3 
card comes in two versions, one that delivers about 15 
MIPS and another that delivers about 25 MIPS. The slow­
er card contains data and instruction caches of 16 kbytes 
each and 8 Mbytes of DRAM; the faster card has dual 64 
kbyte caches and 16 Mbytes of DRAM. The faster card 
includes the optional higher-speed SCSI port as a stan­
dard feature. Software that ensures seamless communi­

NOTEBOOK PC IN· 
CLUDES OVERHEAD 
LCD SCREEN 

RATHER THAN FORCE cation between the card and the Macintosh is included, as 
users to purchase a separate is the Mips Inc. RISC/ os Unix operating system, which 
LCD overhead projection comes pre-installed on a Macintosh-compatible hard disk. 
screen when making com- To allow Unix and Macintosh files to coexist on the same 
puter-based presentations, drive without partitioning the drive and enabling the 
designers at Rever Comput- files to be accessed by either processor, the company in­

er Inc., Taiwan, embedded the projection LCD as part of eludes IDT/envY. It's an Ethernet virtual bridge soft­
the standard flip-up flat panel used for typical data en- ware package that creates a virtual TCP /IP connection 
try. For presentations, the display can be easily removed between the two operating systems. The card will initial­
and placed on an overhead projector. The LCD panel pro- ly be sold bundled with either a Mac Ilci on the low end 
vides a VGA-resolution, paper-white image with 16 and with a Macintosh Ilfx on the high end, for $17,175 
shades of gray and a high contrast ratio. With an optional and $21,175, respectively. It will include a 19-in. Super­
remote control or a wireless mouse, presenters can oper- mac monitor and a 200-Mbyte external hard disk. Contact 
ate the system from anywhere in the room. A cooling John Springer, (408) 727-8230. CIRCLE 564 
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CaC Computers and Communications 

Single-chip keys for 
smarter displays. 

NEC's 75X Series Microcomputers 
for LCD and FIP displays. 

NEC's 75X Series is one of the chip solution. We offer a wide solution helps you simplify 

most powerful and popular in 

the industry. 

variety of ROM capacities, programming while reducing 

peripherals and package types overall system cost and size. 

LCD/ FIP (fluorescent indicator including OTP for specialized 

panels) controllers and drivers low voltage needs. 

are all integrated into a single- The 75X Series single-chip 

To find out which of our single­

chip keys fits your LCD/FIP 

display, contact NEC today. 

For fast answers, call us at: 
USA Tel:l-800-632-3531. Fax:l-800-729-9288. Germany Tel:0211-650302. Telex:8589960. The Netherlands Tel:040-445-845. Telex:51923. 
Sweden Tel:08-753-6020. Telex:13839. France Tel:l-3067-5800. Telex:699499. Spain Tel:l-419-4150. Telex:41316. Italy Tel:02-6709108. Telex:315355. 
UK Tel:0908-691133. Telex:826791. Ireland Tel:Ol-6794200. Fax:Ol-6794081. Hong Kong Tel:755-9008. Telex:54561. Taiwan Tel:02-719-2377. 
Telex:22372. Korea Tel:02-551-0450. Fax:02-551-0451. Singapore Tel:253-8311 . Fax:250-3 583. Australia Tel:03-267-6355. Telex:38343. 
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Improve Clock svnthesis In 
Laptops With A Freauencv 
Generator A programmable frequency generator facilitates 

board layout that removes clock jitter and EML 

RICHARD s. M ILLE R 
Avasem Corp., 1271 Parkmoor Ave., San Jose, CA 95126; (408) 297-1201. 

P A U L F. B E A R D 
Technical Success, 3823 Perie Ln. , San Jose, CA 95132; (408) 254-2780. 

Computer systems require several different clock In most commercially available frequency generators, 
frequencies to operate the CPU, integrated chip set, the values for M and N are programmed into a ROM. By 
and various peripheral devices. For example, in video selecting the appropriate ROM address, different output 

graphics applications, various frequencies are used to sup- frequencies are generated from the same reference frequen­
port different monitors and graphics standards (such as cy. The reference frequency can be obtained from a stable 
EGA and VGA). At present, expensive oscillators and clock source, like a crystal oscillator, or can be internally 
crystals generate these frequencies. generated in the PFG using an external crystal. 

Integrated programmable frequency generators (PFGs) Such parameters as absolute accuracy, stability, duty cy-
eliminate the need for multiple oscillators and crystals. cle, and the jitter of the output clock frequency are impor­
Phase-locked-loop (PLL) circuitry is the foundation for the tant to the understanding of PLL frequency generators. 
integrated frequency generators. These circuits reduce Scaling between the output clock frequency and the precise 
board space, lower power consumption, and improve pow- reference frequency is determined by the ratio M I N. The 
er management while decreasing component costs. In addi- accuracy of this ratio depends on the number of divider 
tion, frequency generators are easier to place on the circuit stages that make up Mand N. For instance, the greater the 
board with IC packages in either a through-hole or surface- number of stages in the divider circuits (the higher the val­
mounted manufacturing environment. 

A PLL system configured for frequency generation con­
sists of a phase comparator/charge pump, a loop filter, a 
voltage-controlled oscillator (VCO), and two divider 
blocks. The VCO is an oscillator whose output clock fre­
quency is proportional to the VCO input voltage. During 
normal operation, the input voltage to this oscillator is 
forced to a given value to produce the desired output fre­
quency. The phase detector has two input clocks, one that's 
the input reference frequency (fiJ divided by N (an integer 
value), and a second that's a scaled version of the output f0 u1 

divided by M (another integer value). A low-frequency sig­
nal output by the phase detector is proportional to the 
phase difference between the two input signals. The phase 
detector controls the charge pump. 

The loop filter converts the charge pump's output to a 
voltage and eliminates any high-frequency compo­

nents. The filter's voltage is the VCO input voltage, com­
pleting the loop. The PLL system causes the frequencies f R/ 
N and f0 u/M to be equal. If f0 u/M drifts to a higher fre­
quency, an error signal is generated by the phase detector/ 
charge pump. This reduces the input voltage to the VCO, 
causing the output frequency to be forced back to the de­
sired value. Because of this feedback mechanism, the sys­
tem can synthesize a stable output frequency that's propor­
tional to a reference frequency. 

fout = (M -7- N) X fR 

5.1-V 
Zener 
diode 

+12 v 

Vee of AV9103 
- ---e-------<----- frequency 

22·µF 
tantalum 
capacitor 

0.1-µF 
ceramic 
capacitor 

generator 

Ground of AV9103 _ _________ ____..,._ ____ frequency 

1N4148 

(a) 
generator 

Vee of AV9103 
~-----------------frequency 

generator 

{b) 

1. Power-supply noise is reduced in video-graphic circuits using two tech­
niques. When the supply is very noisy, a 5-V regulator consisting of a re­
sistor, Zener diode, and filter capacitors ensures maximum isolation of the 
PFG from noise generated on the laptop supplies (a). The second tech­
nique uses an inexpensive circuit that functions as a peak detector and fil. 
ter to reduce noise spikes on the power line (b). 
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2. This notebook computer uses a custom version of the AV9127 programmable frequency generator 
to produce all of the CPU and peripheral clocks. It also provides the 14.318-MHz clock to drive an ad­
ditional VGA frequency generator. 

the duty cycle of the output. An 
asymmetric output waveform may 
violate the minimum high or low 
time of a CPU or peripheral device. 
Most PFGs have a typical duty cycle 
of48%/52% , with rise and fall times 
that work with all popular CPUs. 

Clock jitter is the undesirable 
variation in frequency of a dig­

ital frequency reference due to noise 
processes in the clock generation and 
amplification circuitry . Many 
sources of noise can affect stable­
clock generation: variations in tem­
perature and humidity, physical vi­
bration, ground bounce, power-sup­
ply noise, slow transitions, reflec­
tions, electromagnetic coupling, and 
l/f, which is thermal and shot noise 
in semiconductors. Environmental 
factors are low in frequency and not 
considered sources of jitter. Suscep­
tibility to physical vibration is a con­
cern with crystals, but typically not 
with semiconductors. Semiconduc­
tor noise provides a theoretical limit 
to maximum performance and sug­
gests minimizing the number of gates 
in the clock path. 

The largest controllable source of 
clock jitter is noise on the power sup­
ply. PFG circuits don't have ideal 
power-supply rejection characteris­
tics. Variations in the ground or sup­
ply voltage can directly affect the 

ues of M and N), the closer the output frequency will be to threshold voltage of an internal gate, thereby inducing an 
the ideal frequency. However, a large number of divider instantaneous phase shift. Design and layout techniques 
stages increases the die area and therefore the cost of the help to reduce power-supply noise. 
PFG. In the laptop environment, accuracies of +0.5% in Several methods are acceptable for measuring jitter. 
the output frequency for CPU and peripheral clocks should Time-interval analysis is well-suited for PFGs used for 
be sufficient, while an absolute accuracy of+ I% is accept- CPU- and peripheral-clock generation. The analysis mea­
able for most graphics applications. Accuracy should not sures the difference in the periods of subsequent clock cy­
be confused with the output frequency stability. While no cles. A large number of samples ( > 10,000) aretaken to cre­
difficulties result from the actual frequency differing slight- ate a statistical distribution. This technique accurately 
ly from the ideal, the actual frequency must not change measures the instantaneous clock jitter. 
during operation. PFGs are good for laptop designs because of their cost, 

Stability of the output clock frequency over temperature size, and power savings. The most appropriate types for 
and power-supply operating ranges guarantees no viola- laptops can be divided into two categories: PFGs for CPU­
tions of the input clock specifications for the CPU and pe- and peripheral-clock generators, and PFGs that supply the 
ripheral chips. PFGs have very stable outputs due to their clocks compatible with video-graphics standards. The 
feedback mechanism. Any slow variations in output fre- PFGs for CPU- and peripheral-clock generation are char­
quency generate an error signal to force the output clock acterized by multiple PLL systems integrated onto one 
frequency back towards the desired value. A typical toler- chip. Each PLL uses a common reference frequency (typi­
ance for frequency drift in a PFG over a commercial tern- cally 14.318 MHz) to generate a clock for a specific func­
perature and power-supply range is +20 ppm. This com- tion, such as CPU master clock or the 1.843-MHz clock re­
pares favorably with typical tolerances of + 50 ppm for quired by many communication devices. An example of a 
commercially available oscillators. multiple-PLL chip is the Avasem AV9127 programmable 

Another important parameter for a clock generator is frequency generator. This chip consists of four clock gener­
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ators, some with multiple outputs, that produce clock fre­
quencies for the system clock (14.318 MHz), CPU and 2-
X-CPU clocks, a communication/timer clock, bus clocks, 
and a floppy-disk-controller clock. The mask-program­
ming feature of PFGs allows the device to be customized to 
meet the specific clock-frequency requirements of most 
systems. 

One key advantage to the PFG is power consumption. 
The typical power-supply current for an AV9127 

with 11 output clocks is 45 mA. Oscillators and discrete 
components providing equivalent performance would re­
quire over 60 mA of current. The current consumption of 
the AV9127 can be further reduced by powering down the 
PLL block of a clock function that's not in use. Power­
management chips, such as Appian P94 and Vadem 
82C347, facilitate this technique. The supply-current 
breakdown for a custom version of an AV9127 with six 
clock outputs shows the possible supply-current savings 
obtained by turning off unused clocks (see the table). When 
just the CPU clock is running (communication, floppy­
disk, and bus clocks are powered down), the chip current is 
reduced to 21 mA. Of this total, approximately 14 mA is 
used by the CPU-clock generator, and 7 mA by the refer­
ence clock. The reference clock must be kept running to op-

1/0 ports 

TYPICAL POWER BREAKDOWN 
OF AV9127-04 FREQUENCY GENERATOR 

Circuit portion Frequency mA 
(MHz) 

Reference clock 14.318 7 

Communications clock 18.409 3 

SCSI clock 24.00 4 

Bus clock 32.00 + 16.00 6 

CPU clock (40-pF load) 40.09 14 
(5-pF load) 40.09 7 

Total current in full operation 27-34mA 

erate any of the other clocks. 
A second method for reducing a laptop's power con­

sumption is to slow down the processor speed when the 
system performs a non-CPU intensive operation, such as 
keyboard entry by the operator. This can be accomplished 
easily with a PFG by switching between two ROM address 
locations programmed with a reduced CPU-clock frequen-

Power bus 

cy and the normal CPU-clock fre-
quency. During the transition be­
tween the two frequencies, the PLL 
circuit generates a clock of approxi­
mately 50% duty cycle. This charac­
teristic avoids any glitches that could 
be caused by narrow pulses generat­
ed when multiplexing between two 
oscillators. The PLL's change of fre­
quency is determined by the loop-fil­
ter configuration. 

PFGs intended for graphics appli­
cations consist of devices with one 
PLL block for synthesizing the pixel 
clock or a dual device with two PLL 
blocks. The second clock of the dual 
device drives the memory clock in­
put of a video controller, such as the 
Cirrus Logic 610. One PFG can re­
place many oscillators by program­
ming the internal ROM with the co­
efficients corresponding to the vari­
ous video standard pixel frequencies . 

3. In the typical layout of a notebook-computer motherboard, each functional block must be grouped 
and powered by a separate power plane. Power-plane grouping minimizes the cross radiation of noise 
sources and helps to isolate external-interface drivers from any internal noise source. 

A critical performance parameter 
for PFGs in video applications is jit­
ter. Because the pixel clock drives 
the display, instantaneous variations 
in the frequency can be observed on 
the graphics monitor as line-to-line 
displacements of images. Jitter in the 
graphics application is particularly 
troublesome because of the time de­
lay between pixels in a given column. 
Cumulative jitter can cause large im­
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4. A cross-section of the pc board and clock trace shows that the resulting 
transmission line has a characteristic impedance determined by the geom­
etry of the trace and the thickness and permittivity of the insulating board 
material. 

age displacements even when the jitter of each pixel sample 
is small. In addition, due to internal crosstalk, clock jitter 
increases with the number of PLLs on one chip. It's not 
good practice to use a device with greater than two separate 
PLL blocks to generate the pixel (or video) clock. 

The major source of clock jitter in a laptop video applica­
tion is noise on the power supply. The key to optimum 
performance in the laptop is careful attention to board lay­
out and good power-supply decoupling techniques. De­
pending on the severity of noise on the power supply, one of 
two techniques is recommended. When the supply is very 
noisy, a 5-V regulator consisting of a resistor, Zener diode, 
and filter capacitors is appropriate (Fig. la) . This circuit 
ensures maximum isolation of the PFG from noise generat­
ed on the laptop supplies. The second technique uses an in­
expensive circuit that functions as a peak detector and filter 
to reduce noise spikes on the power line (Fig. lb). Board 
layout issues, such as separate analog and digital power 
planes, sufficient low-impedance decoupling with ceramic 
capacitors, and inductive isolation of analog power, all con-
tribute to controlling power-supply noise. Maintaining 
short return paths and small loops are also crucial to good 
pc-board design. 

Consider a notebook-computer application that uses a 
custom version of the AV9127 (Fig. 2). In this system, the 
AV9127 produces all of the CPU and peripheral clocks. It 
also provides the 14.318-MHz clock to drive an additional 
VGA frequency generator, such as an AV9103. Four oscil­
lators were replaced by a single 28-pin small-outline IC 
(SOIC) package and some resistors and capacitors. 

Systems with distributed high-frequency oscillators and 
crystals present problems in minimizing noise for electro­
magnetic interference (EMI). Care must be exercised to 
ensure that radiated signals are controlled. The board lay-
out of a laptop that incorporates a PFG has a centrally 
located high-frequency clock source, so the engineer can 
design the board's topology to minimize the overall effects 
ofEMI. 

When the designer places the various subsystems on the 
computer board, each functional block must be grouped 

and powered by a separate power plane (Fig. 3). This meth­
od of power-plane grouping minimizes the cross radiation 
of noise sources and helps to isolate external-interface driv­
ers from any internal noise source. 

The notebook motherboard segments fit nicely into six 
power planes: local bus devices, ISA bus interface, CPU 
and power management, mass storage interface, memory 
subsystem, and VGA subsystem. The motivation behind 
these device-group allocations is to partition the system so 
that synchronous subsystems are segmented and signals 
with like periodic characteristics share the same power 
plane. Consequently, the noise-producing devices and sub­
systems are isolated from each other. When devices share a 
common clock, such as those on the local bus, they should 
also share the same power plane. 

Another point to consider is that this notebook comput­
er's power-plane grouping can relate to the power-manage­
ment scheme employed. For instance, devices grouped on 
common, switched-power sharing planes can coincide with 
the segmented V cc assignments. 

The AV9127 frequency generator should be centrally 
located and in close proximity to the chips that require the 
highest clock frequency (for example, CPU or coproces­
sor). This approach minimizes the length of the high-fre­
quency radiating traces and resistance of the supply traces. 
The power entry point must be near the center of the pc 
board. Sections must be placed in order of bus frequency, 
with the higher-speed subsystems near the center and the 
slower sections placed in a radially outward fashion from 

(a) 

(b) 

1 C1 s --
2p fc Z0 

ZQ 

5. The reflection problem is addressed with two types of circuit configura­
tions. Series termination is effective for a single receiver at the end of the 
line (a). Multiple receivers should be grouped together near the end of the 
line and shunt-terminated to minimize both clock skew and reflections (b). 
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MAii/PC PUTS A FRIENDlY FACE 
ON PCB CAD 

Unlike some people, you'll be 
smiling when you see how easy to use 
new MAXI/PC is. A new, proactive 
user interface saves you hundreds of key­
strokes in a typical design because it 
anticipates your next move and logi­
cally defaults to the most likely action. 
MAXI/PCs OSF/Motif" style interface 
has clear, logical menus integrated 
across all functions . It's easy to learn 
and much easier and more productive 
to use than the competition. 

Nice To Your Budget 
MAXI/PC gives you an incredible 

amount of design power 
for the money. Rich 
with features, it's 
capable of handling 

multi-layer, double-sided, surface 
mount boards. You get schematic cap­
ture, layout, automatic routing, and 
manufacturing outputs. All backed by 
a 30 day, no questions, money back 
guarantee. All for $995. 

Powerful capabilities include : 
• 5 ,000+ part library 
•Hierarchical design 
•Automatic placement 
•Automatic gate and pin swap 
•Automatic routing 
•Automatic component rename 

•Automatic part/component 
replacement 

•Back annotation 
•Hotline support 

---~t 

From A Good Family 
Racal-Redac is the only EDA vendor 

to offer a smooth growth path, with 
data migration from MAXI/PC, to the 
more powerful PC-based CADSTAR, 
to high end, workstation-based 
VISULA EDA. Make yourself smile, 
get MAXI/PC. 

Call today to order MAXI/PC! 
1-800-356-8352 

MAii/PC 
PCB CAD SOFTWARE 

RACAL·REDAC 
238 Littleton Road, P. 0 . Box 365 
Westford, MA 01886-9984, USA r.tr.tr.Jr.1,. 
Fax: (508) 692-4725 w~~~~ 

OrCad, PADS, and Tango are trademarks of their respective companies. 
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Do:rit settle for graphics 

performance that will really help you make your mark. 
For instance, the Gt4x graphics subsystem can draw 
800,000 2D and 3D vectors and 80,000 Lighted 

Read the writing on the wall. You don' t want to 
compromise your image with graphics that don't paint 
the best picture. With IBM's new line of graphic 
adapt~rs, you don't have to. ---~-~-- Gouraud-shaded triangles per second, and 

IBM has unveiled 
new levels of price/per­
formance for fast 2D and 
3D solids graphics appli­
cations. And the faster 
you can visualize data, 
the faster you can get your 
ideas across. Within the 
RISC System/6000 "' 
family of POWERstations, 
you can get graphics 

gives you up to 16.7 million colors to work 
with to really showcase projects such as 
solids designs and scientific visualization. 

When you really want to display your 
vision, there's the POWERgraphics GTO 

Gt3 Gt4 Gt4x GTO 

650K 650K 800K 990K 

NA 400K 800K 990K 

NA 20K 80K 120K 

IBM and AIX are registered trademarks and RISC System/6000 and graPHIGS are trademarks of International Business Machines Corporation. SPECmark is a trademark of Standard 
Performance Evaluation Corporation. X Windows Systems is a trademark of Massachusetts Institute ofTechnology. GL is a trademark of Silicon Graphics Inc. Motif is a trademark of 
The Open Software Foundation, Inc. UNIX is a registered trademark of UNIX System Laboratories, Inc. HAGAR THE HORRIBLE Character(s) © 1991 King Features Syndicate, Inc. 
© 1991 IBMCorp. 



that do:dt do you justice. 

subsystem which produces offering performance ranging from 9 to 25 MFLOPS 
almost a million 3D vectors and from 33 to 72 SPECmarks"' and AIX~ IBM's en-
and 120,000 Gouraud- hanced version ofUNIX~The brains behind the beauty. 
shaded triangles per second, Don' t accept a primitive picture, when you can 
for fast, realistic shading have the picture of perfection. So, find out how RISC 
effects. System/6000 graphics can do 

And for those who your masterpiece justice. Get 
need 2D graphics, for things like electrical design, in touch with your IBM 
there's the Gt3 that delivers 650,000 2D vectors per marketing representative or 
second in up to 256 striking colors. Best of all, GTO, Business Partner. For liter-
Ct4 and Gt4x clearly lead the way on all APis includ- ature, call l 800 IBM-6676, 
ing X Windows Systems: GL: graPHIGS"' and Motif'." ext. 828. And paint your I -

These impressive graphics are all part of the own picture. • [ - QI,---+=~•IL. 

fami ly portrait of RISC System/6000 D h Il S 1_ 111111111119111••11 
POWERstations and POWERservers- rOr t e rOWer eeKeI: _ . ' ,'' ''' 

= =.::::. ==® - ----- - -- -. ---- - - --------_ _...._ ., _ 



~~[""!,~CLOCK SYNTHESIS FOR LAPTOPS• 

the center of the board. 
When this is ignored, all of the digital noise from the 

high-speed circuits will interfere on the circuit between the 
high-speed sections and the power entry point. 

The AV9103 Laptop VGA Frequency Generator should 
be located in the VGA subsystem section. By placing this 
chip close to the VGA controller, the high-frequency clock 
traces can be short. If a memory clock is required by the 
VGA controller, it should be generated in the AV9127 de­
vice to minimize crosstalk between the memory clock and 
the pixel clocks generated in the AV9103. 

Board layout techniques help minimize clock jitter and 
EMI. These techniques, such as proper termination 

and shielding, are important skills that should be mastered 
by any computer board design. 

As mentioned, clock jitter can be introduced into a PFG 
by noise on the power supplies. From this standpoint, an 
optimum pc-board design that minimizes power-supply 
and ground noise includes separate analog and digital 
ground planes, low-impedance ground returns, and decou­
pling at each IC power-supply input. If this isn't possible, 
care must be exercised in designing the ground return path 
for the clock generator to reduce impedance and return 
current. 

Coupling of digital signals into sensitive analog circuits 
contributes to the clock jitter. The loop-filter pins are high­
impedance inputs to the VCO circuits, and are susceptible 
to induced coupling. Lines to these pins must be as short as 
possible and shielded from high-frequency digital lines by 
an analog ground or analog V cc plane. The analog ground 
plane should be connected to the system ground at one 
point to reduce ground loops. 

Slow transitions, reflections, and electromagnetic cou­
pling fall in the domain of clock distribution. The slowest 
edge is at the crystal input to the reference oscillator. This 
high-impedance input determines the jitter performance 
for the clock system. The lines from the crystal to the IC 
should be as short as possible and shielded from high-fre­
quency digital and analog lines. 

Clock reflections are a problem when interfacing a PFG 
to another circuit because they can cause false triggering 
andjitter at the receiving gate. Reflections arise from traces 
on multilayer boards with ground planes that can be mod­
eled as transmission lines. The transmission lines have a 
characteristic impedance determined by the geometry of 
the trace and the thickness and permittivity of the insulat­
ing board material (Fig. 4). The characteristic impedance, 
Z, of a trace is given by the following equation: 

Z = (377 X h) + (E, X w) 

where: 

h =the thickness of the glass/epoxy material 
w =the trace width 
E, = 4 (5.8) for FR-4 glass/epoxy material 

CMOS logic is particularly susceptible to reflections be­
cause of its high-speed transitions. 

Reflection can be alleviated by controlling the imped­
ance along the trace and keeping the trace short. The ideal 
case would be a single constant-width trace, over a ground 
plane, and with no vias, that ends at one receiving gate. The 
trace would be driven by the Thevenin equivalent of the 
characteristic impedance (series termination), and received 
with the characteristic impedance to ground (shunt termi­
nation). Signal amplitude would be reduced by a factor of 
two, but no reflections would exist at either end of the line. 

Practical limitations demand deviation from the ideal 
case. Typical characteristic impedances fall in the range of 
50 to 150 n. More than one receiver may be distributed 
along the line, which disturbs the controlled impedance 
and introduces clock skew because of propagation delay 
down the line. 

Controlled rise and fall times lessen the reflection prob­
lem by limiting the high-frequency content of the clock. 
This also helps the radiation problem for FCC and VDE 
certification. The multiple output drivers for the CPU (or 
2-X-CPU) clock on the AV9127 allow for flexibility in de­
signing the clock-distribution scheme. 

Series termination is effective for a single receiver at the 
end of the line (Fig. 5a) . Multiple receivers in the middle of 
the line, however, are subject to flat spots in the rising and 
falling edges due to reflections from the receiving end of the 
line. If the flat spots occur in the threshold region of the 
receiver, a large quantity of jitter can be introduced. Multi­
ple receivers should be grouped together near the end of the 
line and shunt-terminated to minimize clock skew and re­
flections (Fig. 5b). 

International EMI standards are concerned with con­
ducted emissions below 30 MHz and radiated emis­

sions above 30 MHz. Conducted emissions refer to energy 
transmitted on the power cord from the equipment under 
test (EUT). Radiated emissions refer to energy emanating 
from the EUT that's received by a separate antenna. In the 
U.S., the Federal Communications Commission (FCC) is 
the governing organization. 

EMI is controlled by many of the same techniques de­
scribed in minimizing clock jitter. Close decoupling with 
ceramic capacitors, the use of ground and power planes, 
and isolated planes for analog or high-frequency circuitry 
all contribute to decreasing emissions. In addition, input 
power-supply filtering in the form of ferrite beads and ce­
ramic capacitors can contain noise generated by digital­
logic and clock circuitry. 

Radiated emissions are primarily due to fast edges on 
high-frequency clock and data lines. Special care must be 
given to clock distribution and termination. 

Series termination can slow edge speed to reduce radiat­
ed emissions, but clock jitter and propagation delay may be 
impacted when the slow edge increases the noise at a gate 
threshold. Using a ground plane significantly improves ra-

Any change in impedance along the transmission line diated emissions. 
results in a reflection, the amplitude of which is determined Shortening clock and high-speed data lines also im­
by the deviation from the characteristic impedance. Fast proves radiated emissions by decreasing antenna efficiency. 
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Our OSF seminars are 
so up-to-date, yolill think 
we're inventing them 
as we go along. 

Of course, we aren't. But it's safe 
to say we're on the cutting edge. 
After all, everyone who's attended 
HP's OSF technology seminars 
has found them to be quite the 
mind-expanding experience. 
All seminars are conducted by 
highly skilled HP engineers. 
'Ihlined as instructors specifically 
for these courses. And teaching 
the latest on OSF technology. 
Here's just a sample of what you'll 
learn during these three cranium­
stretching days: 

Introduction t.o Programming 
with OSF/Motif Widgets and the 
X Tuolkit. After the introduction, 
you'll learn how sophisticated 
interfaces are created using the 
OSF/Motif and X programming 

libraries. There'll also be dis­
cussions of code samples to dem­
onstrate the capabilities of 
OSF/Motif. 

OSF/1-Tuchnical Overview 
of the OSF/l Operating Syst.em. 
You'll learn how OSF can integrate 
several advanced system technol­
ogies, while providing symmetric 
multiprocessor support. Also pre­
sented will be a thorough overview 
of the architecture and features 
of the OSF/l operating system. 

The OSF Distribut.ed Computing 
Environment. You'll get an intro­
duction and an overview of both 
the fundamental distributed ser­
vices and the data sharing services 
of the OSF Distributed Computing 
Environment. More importantly, 

you'll learn how DCE addresses 
the industry-wide problem of dis­
tributed computing in a hetero­
geneous environment. 

Detroit, Sept. 9 Boston, Oct. 9 

Pittsburgh, Sept. 11 Dallas, Oct. 15 

Minneapolis, Sept. 23 Denver, Oct. 15 

Phoenix, Oct. 22 Atlanta, Oct. 29 

Chicago, Sept. 25 Paramus, Nov. 11 

Albuquerque, Oct. 29 Fullerton, CA Nov. 12 

Mt. View, CA Oct. 7 Rockville, Nov. 13 

So call l-800-472-5277, Ext. 91 
now for more information, or 
t.o enroll. 

F//'d9 HEWLETT 
a!~ PACKARD 
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~~J''\ •CLOCK SYNTHESIS FOR LAPTOPS• 

Efficient antennas are associated with conductor lengths 
equal to one-quarter of the wavelength of the frequency of 
interest. For example, the quarter wavelength in free space 
at 200 MHz is 14.5 in. (1 = c/f, where 1 is the wavelength in 
m, c is the speed of light in m/s, and f is the frequency in 
cycles/s or Hz). Most clock lines on a board will be much 
shorter and the corresponding frequencies of efficient radi­
ation much higher. 

• Short isolated traces to the crystal and loop filters mini­
mize radiated noise coupling at the most sensitive points in 
the circuit. 

• Short clock-distribution lines minimize skew and the ef­
fect ofreflections due to imperfect termination . 

• A line with multiple receivers should be shunt-terminat­
ed at the end of the line with its characteristic impedance. In summary, an ideal system for minimizing clock jitter 

and EMI uses a multilayer board, where all high-speed 
clock traces are sandwiched between ground and power 
planes. Not only does this help keep other sources of noise 
from coupling onto the clock, but it also helps reduce EMI. 
The characteristic impedance is approximately half of that 
in the single plane example (Fig. 4, again) . 

Richard S. Miller, vice president of analog product for Ava­
sem Corp., received a BSEE from Renssalear Polytechnic 
Institute, Troy, NY, and a MSEE and PhD in electrophy­
sicsfrom the University of Southern Cabf, Los Angeles. 

Paul F. Beard, who leads a team of engineering consul­
tants as the CEO of Technical Success, San Jose, Calif., 
holds a BSEEfrom the University of Manchester, England. 

The following is a review of the critical layout issues that 
will lead to a successful design: 

• Clock jitter can be minimized with a combination of pow­
er-supply decoupling and clock-distribution techniques. HOW VALUABLE? 

HIGHLY 
• Separate analog and digital power and ground planes de­
coupled with ceramic capacitors control the noise intro­
duced through the power buses. 

MODERATELY 
SLIGHTLY 

CIRCLE551 
CIRCLE 552 
CIRCLE 553 

Digital Design Analysis 

~ Shipping a Design 
with your Fingers crossed? 

Try Digital Design Analysis ... 
Our DOA Software Program ensures each component used within a 

~ 
design will perfonn within the manufacturer's specifications and detect 

potential problems even before prototyping. 

66 Tests Run on • Misused Components In Addition To ... 
Each Net Including: • Line Delay Analysis • Better tha n 98% fault 
• Impedance Change • Field Failures coverage. 

Analysis • AC & DC Analysis • 100 Components 
• Transmission Line • Minimum High/Low analyzed in less than 

Effects Margins Defined 15 seconds. 
• Floating Inputs Flagged • Minimum/Maximum • Interfaces to most 
• Maximum Line Length Line Termination CAE Systems 

of Net Defined Calculated • Extensive IC Libraries 
•Current Overloads •Initial Voltage Step • 5 Minute learning curve 
• Timing Change Analysis Defined 
• Illegal Collector Gates • Effective Propagation 

Flagged Delay Defined 
• Effects on Power Supply • Shorts Flagged 

Defined • Overshoot Analysis 
• No Loads/Source • Undershoot Analysis 

"Try Before 
You Buy"* 
Contact 

DDA Today 

Ship your Design with Arrogance! 
150 El Camino Real • Suite 200 • Tustin, CA 92680 

714-573-8730 • FAX 714-573-8736 
* DOA shipped at No Charge. After a trial period DDA's Design Analysis Software may be leased or purchased. 
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SIEMENS 

Call 
1-800-827-3334 
for immediate 
delivery. 

SF0-1 

CIRCLE 212 FOR U.S. RESPONSE 

Mainframe connection. 
Siemens leads the way with trans­
ceiver and jumper cable assemblies 
for your latest ESCON"' compatible 
designs. We offer you proven 
quality, off-the-shelf delivery, and 
established production facilities for 
high volume requirements. 

Just look at these outstanding 
features: 

• Data rates up to 300 MBaud 
• Superior EMI and ESD immunity 
• Low connector loss: 0.2dB typical 
• Proven quality Achievable failure 

rate 50 PPM 
• Fiber channel compatible 

Call or write today for complete information. 
In the U.S.A. 
Siemens Fiber Optic Components 
A Division of Potter & Brumfield Inc. 
A Siemens Company 
60 B Commerce Way 
Totowa, NJ 07512 
Tel: 1-800-827-3334 
Fax: 1-201-890-1610 

In Europe: 
Siemens AG 
EC LWL 
Siemensdamm 50-54 
D-1000 Berlin 13 
Tel (30) 386-7930 
Fax (30) 386-7956 

ESCON is a registered trademark of International Business Machines . 

In Asia: 
Siemens K.K. 
Siemens Fujikura Building 
11-20, Nishi-Gotanda 2-chome, 
Shinagawa - ku 
Tokyo 141 , Japan 
Tel 03 (3490) 2171 
Fax: 03(3495)9792 
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T 1/4-IN. TAPE DRIVE 

BACKS UP 1.35 GBYTES 
Archive Technology Inc. claims that 
their latest 1/ 4-in. cartridge tape 
drive is the first to achieve 1.35 
Gbytes of storage with a data 
throughput rate of 36 Mbytes/min. 
The Viper 2750 offers data integrity 
that exceeds less than one unrecov­
erable error for every 1015 bits. This 

New 
10BASE·T 
Isolation and 
Filter Modules 

level is achieved by using the QIC-
1350 Development Standard, which 
specifies a frame format that sup­
plies level-6 Reed-Solomon error-cor­
recting code. 

The drive is suitable for network 
file servers, graphics workstations, 
and minicomputer backup. It's back­
ward compatible with most of the 1/ 
4-in. drives in the field. It can read 

Superior 
ata Integrity 

Laser Trimmed Substrates • Better control of passband 
and Precision Wound insertion and return loss. 
Magnetics Enhance Reliability • Stopband attenuation is 

Pulse Engineering introduces 
its new 10 BASE-T Isolation 
and filter Modules that 
dramatically improve data 
transmission quality through 
impedance matching and 
necessary EMI filtering. 

maximized while group delay 
distortion is reduced . 

• Designed in cooperation with 
leading semiconductor 
manufacturers. Exceeds 
IEEE 802.3 10BASE-T 
standards. 

Production volumes are ready 
for immediate delivery. To find 
out how you can get your free 
samples within 48 hours, 
please call : 

@ltPulse. 
Pulse Engineering, Inc. 
P.O. Box 12235 
San Diego, CA 92112 
Phone (619) 268-2400 
Fax (619) 268-2515 

CIRCLE 290 FOR U.S. RESPONSE 
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and write tapes in the QIC-1350, QIC-
1000, QIC-525, QIC-150, and QIC-120 
formats. It also has the capability to 
read tapes written in the QIC-24 for­
mat. The Viper 2750 supports the 
tape command set of SCSI-I or SCSI-
11, operating in synchronous mode at 
5 Mbytes/s or in asynchronous mode 
at 2 Mbytes/s. The drive is available 
now. In large quantities, it is priced 
at$700. 

Archive Technology Inc. 
1650 Sunflower Ave. 
Costa Mesa, CA 92626 
(714) 641-1230. 
~CIRCLE577 

T VGA GRAPHICS CONTROLLER 
FITS IN ONE CHIP 

Moving one step up the performance 
ladder for graphics controllers is the 
CL-GD5410 from Cirrus Logic Inc. 
The single-chip controller is 100% 
hardware and BIOS compatible with 
the IBM VGA display standard. It re­
quires no external support other 
than the display memory and a fre­
quency reference. A motherboard 
VGA implementation supporting 1 
Mbyte can be achieved using two 
DRAMs. And the GD5410 connects 
directly to an ISA, EISA, or MCA 
bus. 

Operating at dot clock rates up to 
65 MHz, the CL-GHD5410 supports 
resolutions to 1024 by 768 at up to 8 
bits/pixel. The internal RAMDAC 
can be configured as a standard part 
to supply a palette of 262,144 colors. 
The chip sells for $25 and will sample 
in October with production starting 
next February. 

Cirrus Logic Inc. 
3100 West Warren Ave. 
Fremont, CA 94538 
(415) 623-8300. 
~CIRCLE 578 
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'Y GET WORKSTATION-LIKE 
GRAPHICS FROM A PC 

By adding the XHR Gemini20 graph­
ics card, users can get workstation­
level performance from their PCs. 
Intended for IBM PC/XT/ AT and 
PS/2 systems and compatibles, the 
card is designed around a TI 
TMS34020 graphics processor. In ad­
dition, the card contains a TMS34082 
math coprocessor. This part is a 
graphics floating-point unit that ex­
ponentially improves graphics 
throughput. The resulting combina­
tion of 8 MIPS makes the board suit­
able for even the most complex 
graphics applications, such as shad­
ing or 3D display lists. Throughput is 
further increased by the on-board 
high-speed cache memory. The 
board, available now, starts at $2895. 

ElsaAmericalnc. 
400 Oyster Point Blvd. #109 
South San Francisco, CA 91080 
(415) 588-6285. 
•CIRCLE579 

'Y TRACKBALL MAKES INPUT 
EASIER, FASTER 

Arm and wrist movements are elimi­
nated using the Mouse-trak track­
ball. Available with two or three but­
tons on a host of different platforms, 
the Mouse-trak makes input faster 
and easier. A soft wrist pad cushions 
the hand, and the 2-in. polished phe­
nolic ball rests on hardened stainless 
steel shafts and precision bearings 
for precise control. Users can pro­
gram the buttons, so it's just as easy 
with either hand. A speed-control 
button allows for adjustable cursor 
speed. The trackball comes with the 
interface cable and sells for $159 to 
$199. An industrial version is avail­
able for harsh environments. The 
M5-IND model sells for $295. 

/TAC Systems Inc. 
3121 B enton 
Garland, TX 75042 
(800) 533-4822 or (214) 494-3073. 
•CIRCLE580 
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'Y 9600-BAUD MODEM WORKS 

WORKS WITH A MAC 
The Practical Smart Pack 9600 is a 
9600 bps modem designed for the Ap­
ple Macintosh. The peripheral is a 
full-duplex CCITT V.32, V.42, V.42bis 
standalone device. Its error-correc­
tion technology offers added flexibil­
ity. The modem includes Hayes' 
Smartcom II for the Mac plus a hard-

ware flow-control cable. The pack­
age contains front-panel controls 
and status lamps. The Practical 
Smart Pack 9600 sells for $759 and is 
available now. 

Practical Peripherals Inc. 
31245LaBayaDr. 
West Lake Village, CA 91362 
(818) 706-0333. 
•CIRCLE 581 

Just for 
the Record ... 

.. . General Scanning builds 
the smallest, most versatile OEM recorders on the market. 

NEW ... AR-42 
Miniature 2" Recorder 
The smallest, lightest 2" recorder available 
- prints waveforms, background grids, 
alphanumeric text, graphics. Environmen­
tally tight; 800 dpi resolution. 

AR-40/ AR-41 
Compact 2" Recorders 

Compact, versatile - broadrangeof 
output capabilities, including 
multi-line text, multi-channel ana­
log data, dot-accessible graphics. 
Model AR-41 uses host power 
supply. Model AR-40 includes on­
board power supply. 

AR-100 
Versatile 4" Recorder 
Versatile 4" unit outputs graphics text, wave­
forms, real-time annotation. 4 input trace 
channels with 10-bit dynamic range; up to 
800 dpi resolution. 

Send for details on General Scanning's broad line 
of OEM thermal array recorders, or call: 

617-641-2702 

@j#f <SENERAL Sr:ANNING INC. 
Recorder Products Division 
37 Broadway, Arlington, Massachusetts 02174 
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T 3.5-IN. DDS DRIVE 

STORES 2 GBYTES 
Up to 2 Gbytes of uncompressed 
data can be stored on one 4-mm DDS 
tape using the SDT-2000 tape drive. 
Built to a standard 3.5-in. format, the 
drive maximizes reliability by having 
all of its electronics on one pc board. 
An embedded SCSI II interface al­
lows an asynchronous burst transfer 

rate of 3 Mbytes/s and a synchro­
nous burst rate of 5 Mbytes/ s. The 
drive contains flash memory so the 
drive can be upgraded easily. 

Sony Corp. 
Magnet Storage Products Div. 
655 River Oaks Pkwy. 
S an Jose, CA 95134 
(408) 944-4223. 
ll>-CIRCLE582 

HIGH EG&G Vactec 's complete line of planar silicon 
photodiodes-the cost-effective way to detect QUALITY/ light, from ultra-violet through near-infrared. 

Excellent linearity in output signal versus LOW COST light intensity, low noise, and fast speed of 
response often make them the ideal detector STATE-OF-ART for automotive, communications , and 

PERFORMANCE 
medical instr~mentation applications. They 

are used in smoke detectors, cameras , 
security systems, X-ray detection 

equipment, flame monitors, encoders , bar code scanners , 

I 

colorimetric analysis equipment, and other products . 
Stock and custom devices are available packaged as 

discretes or configured into arrays, screened or modified to 
meet particular demands. 

Call or write for new catalog : 
EG&G Vactec, Inc. 
10900 Page Blvd. • St. Louis , MO 63132 
(314) 423-4900 • TWX 910-764-0811 • FAX 314-423-3956 

CIRCLE 198 FOR US. RESPONSE 
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T LCD SHOWS GRAPHICS 
AND TEXT SIMULTANEOUSLY 

The AND1013ST LCD dot-matrix 
module allows both text and graphic 
information to be displayed simulta­
neously. The supertwist 160-by-128-
pixel module contains an integrated 

-FEATURES-
168X129 C.RAPHlC 

• 28Xl6 CHARACTER 

• 
1HbblRb~LkfiDr6963c 

• JUlL6t,~LRY RRM 

controller, display RAM, character­
generator ROM, and display drivers. 
This internal circuitry can link direct­
ly to a microprocessor. Individual 
pixel control allows for user-defin­
able characters up to 256 symbols. 
The module's viewing area is 101 by 
82 mm. In quantities of 100, the dis­
play costs $100. 

AND Corp. 
770 Airport Blvd. 
Burlingame, CA 94010 
(415) 347-9916 
II>- CIRCLE 583 

T EISA MOTHERBOARDS RUN 
AT 25, 33, OR 50 MHZ 

Two new EISA motherboards, one 
baby-sized and the other full-sized, 
meet every EISA design require­
ment and operate at 25, 33, or 50 
MH z. The AIR486ES and the 
AIR486EL each contain a socket to 
hold a Weitek 4167 math coprocessor 
as well as 8 kbytes of internal cache 
memory. The full-sized board can 
carry 64 or 256 kbytes of external 
cache, while the baby-sized board 
has room for 128 kbytes. The smaller 
board has six 32-bit EISA slots and 
two 16-bit slots, while its larger cous­
in has eight 32-bit EISA slots. The 
baby-sized board costs from $1600 to 
$2500 and its counterpart sells for 
$1900 to $2800. 

Advanced Integration Research 
Inc. 
657 N. PastoriaAve. 
Sunnyvale, CA 94086 
(408) 737-8200. 
II>- CIRCLE 584 
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T RACK-MOUNT INDUSTRIAL 
PC COSTS UNDER $4000 

For under $4000, users can get a rug­
gedized, rack-mountable microcom­
puter platform for industrial envi­
ronments that's easy to service. Any 
component in the system can be re­
placed in less than eight minutes. 
The Model 302i is a full-featured 25-
MHz Intel 386-based computer that 
can operate at higher temperatures, 
with dirtier air, and added vibration. 
The platform can run either real­
time or traditional PC applications. 
The unit's hard disk is shock-mount­
ed for vibration protection and cov­
ered to keep dust out. Add-in cards 
are held in place by a locking bar. The 
system comes with 64 kbytes of 
cache memory, 8 expansion slots, 
and up to 40 Mbytes of zero-wait­
state memory. Configured with 4 
Mbytes of DRAM; a 52-Mbyte hard 
disk; and a 3.5-in., 1.44-Mbyte floppy 
drive; the 302i sells for $3995 and is 
available now. 

Intel Corp. 
P. 0. Box 7641 
Mt. Prospect, IL 60056 
(800) 548-4725. 
II> CIRCLE 585 

T TAKE PEN-BASED PC 
ON THE ROAD 

Computer users can take their sys­
tems wherever they go when using 
the System 3125, a pen-based note­
pad PC. The 3125 has all of the func­
tionality of a typical PC, yet users 
can print directly on the digitized 
screen with a cordless pen. The com­
puter contains built-in handwriting 
recognition to turn the input into 
data. Weighing 3.9 lbs., it can replace 
keyboard-based systems, paper 
pads, and order forms. Microsoft's 
Windows for Pen Computing and GO 
Corp.'s PenPoint are supported as 
well as MS-DOS. The system is built 
with Intel's 20-MHz 386SL micropro­
cessor. Up to 16 kbytes of cache 
memory are supported as well as 20 
Mbytes of RAM (4 Mbytes come 
standard). Nonvolatile flash memo­
ry is also available as an option. The 
base configuration is priced at $4765 
and is available now. 

NCR Corp. 
Workstation Products Div. 
Dayton, OH 45479. 
II> CIRCLE 586 

T CUSTOMIZE KEYBOARD 
CONTROLLER BIOS 

Firmware for Intel's 8242 keyboard 
controller is now available from 
Award Software Inc. The 8242 oper­
ates from ROM BIOS. The firmware 
features a modular design architec­
ture that makes it possible to sup­
port almost any custom OEM key­
board configuration. Two versions 

of the 8242 keyboard controller are 
available from Intel. The 8242WA is a 
PC/ AT-compatible device, while the 
8242WB supports an IBM PS/2 plat­
form. 

Award Software Inc. 
130 Knowles Dr. 
Los Gatos, CA 95030 
(408) 370-7979. 
II> CIRCLE 587 

Put Our List 
On Your List 
Our list can 
help you do the 
other things 
you have on 
your list. Such 
as buy a 
car ... estimate 
social security 
... start the 
diet. .. check 
out investments ... 

Our list is the 
Consumer Information 
Catalog. It's free and lists more than 200 free and 
low-cost government booklets on employment, 
health, safety, nutrition, housing, Federal benefits, 
and lots of ways you can save money. 

So to shorten your list, send for the free 
Consumer Information Catalog. It's the thing to do. 

Just send us your name and address. Write: 

Consumer Information Center 
Department LL 
Pueblo, Colorado 81009 

A public service of this publication 
and the Consumer Information Center 
of the U.S. General Services Administration 
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At Last, a Truly Industrial 
J86 PC AT System for the OEM 

Easy to mount 
Eurocard hardware 
with optional power 
supply. Can be 
rack mounted or 
bolted into any 
embedded system. 

Two boards 
makea 
complete 
386 computer 
with your 
choice of EGA 
or VGA display. 

l, 2, 4 or 8 
Mbytes 
of on board. 
Full support 
for LIM EMS 
and BIOS 
shadowing. 

L I 

Three side mechanical bond into the card cage, 
yet easy to access for simplified maintenance. 

Introducing the first 386 PC AT 
system originally designed to be 
embedded into your machinery or 
instrumentation. 

With the GESPAC AT system, 
"ruggedized PC" no longer describes 
a desktop PC in a stronger black box. 
Instead it is an architecture made to last 
by design, with such features as small 
and robust board format, and ultra­
reliable pin-in-socket connector. 

What's more, the GESPAC System is 
built for performance with Intel's original 
16 or 20 MHz 80386SX processor and 
80387SX Arithmetic Unit. In fact, this 
system is the most compact implemen­
tation of the 386 in the market today. 

On board---~-:----
support for L I 

The powerful G-64/96 bus interface 
lets you customize your AT system with 
any of the 200-plus system components 
available from GESPAC, to match 
virtually any system requirement. 

COMl , COM2, l. I 
LPT, keyboard, 
clock, tloppy disk, 
and IDE hard disk. 

Compact single 
height Eurocard 
board format 
(100 x 160 mm) 
that doesn't flex 
or bend and 
withstands the 
toughest shock 
and vibration. 

Small price to help 
you compete. 

\ 

Take advantage of GESPAC's 

16 or 20 MHz 
80386SX CPU 
and 80387 
Arithmetic Unit. 

12 years of experience in serving the 
OEM marketplace. Call today to receive 
your free data sheet and GESPAC's 
catalog of board level microsystem 
products. Ask about GESPAC's exclusive 
Guaranty of OEM Long Term Delivery. 

Full 32-bit expansion bus 
for easy system expansion 
and customization with 
up to 20 slots. 

Unprecedented selection of 
inexpensive 1/0 functions, 
from the simplest parallel 
and serial 1/0, to 
high performance 
networking, 
MIL 1553, 
motion control, 
and computer vision . 

Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 

USA-CANADA 
50 West Hoover Ave. 
Mesa, Arizona 
85210 USA 
Tel. (602) 962-5559 
Fax. (602) 962-5750 

FRANCE 
Z. I. les Playes 
83500 La Seyne 
France 
Tel. 94 30 34 34 
Fax. 94 87 35 52 

INTERNATIONAL 
18, Chemin des Aulx 
CH-1228 Geneva 
Switzerland 
Tel. (022) 794 3400 
Fax. (022) 794 6477 

MS.DOS is a registered trademark of Microso~. QN X is a registered trademark of Quantum. 
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D E S I G N E R' S G U I D E 

COMPUTER BUS BOARD 
A SPECIAL EDITORIAL FEATURE 

Militarv And Multibus II 
Techno1011 Storm Into 
Buscon Aided by a Washington, D. C. location, the conference 

promotes military and Multibus II to top guns. 

With military applications 
invading all areas of the 
electronics industry, it's 

only natural that Washington 
D .C. hold this year's Buscon/ 91 
East. The technical conference 
has sessions devoted to most of 
the popular buses, including Fu­
turebus+, SBus, VMEbus, and 
Multibus II . In addition, an en­
tire day is being devoted to mili­
tary applications. Bob Marshall, 
military marketing manager for 
Signetics Co., Sunnyvale, Calif., 
says, "Although people aren't 
looking for military parts for 
non-military applications, it's 
starting to go the other way. 
Some of the commercial compo­
nents are going into military 
equipment to save money." This 
particular issue among others 
will be discussed in the technical 
sessions. 

The military won't be the only 
hot topic, though. Multibus II 
should garner its share of the at­
tention. Some of the technology 
discussed by the technical com­
mittees at Buscon/ 91-West this 
past January has taken root, and 
several of the ensuing products 
should start to emerge. 

Two major issues concerning 
Multibus II materialized from 
those committee meetings. 
First, there's now a live-inser­
tion capability that enables all 
existing Multibus II boards to be 
placed into live systems. It's ac­
tually a backplane specification 

BY RICHARD NASS 

that's critical for areas like com­
munications and simulation. 
The latest Multibus II systems 
will have the ability to power­
down individual · slots without 
shutting down the entire system. 
This feat is accomplished by 
adding some circuitry to the 
backplane. Using software and 
firmware protocols that already 
exist for Multibus II, the newly­
inserted board will be powered 
up in the already live system. 

The second issue deals with 
an increase in backplane speed. 
Parts like the message-passing 
coprocessor (MPC), which ap­
pear on almost every Multibus 
II board, continue to shrink in 
physical size. This fact, coupled 
with the many advances in back­
plane technology, permit the 
backplane speed to double from 
40 to 80 Mbytes/s. This is per­
formed by changing the back­
plane frequency from 10 to 20 
MHz. Silicon has been sent to a 
limited number of board makers 
to evaluate the capability. 

The higher speed could be 
used in existing boards, but two 
changes must be in place. First, a 
faster MPC chip is needed. Be­
cause most boards use socketed 
ICs, that shouldn't be a prob­
lem. Users can simply pull off 

ly an unacceptable solution. 
The speed increase will im­

pact existing board designs rath­
er than existing boards. The new 
transceivers use the Advanced 
biCMOS TTL (ABT) technolo­
gy that's pin-for-pin compatible 
with present transceivers. Thus, 
the board redesign would be a 
fairly simple one-just substi­
tute the new transceivers and the 
20-MHz MPC chip. 

One Multibus II advance 
comes in the form of a board 
from Aeon Systems, Albuquer­
que, N.M. Its MBII 300 allows 
VAX software to run in a Multi­
bus II environment. Aeon took 
the DEC rtVAX 300 modular 
chip set, coupled it with an Intel 
i960 microprocessor, and inte­
grated them into a Multibus II 
board, which is similar to the 
company's VME board that's 
built around the same chip set. 
Any code compilation that's re­
quired is done on the VAX, then 
ported down through an Ether­
net connection to the MBII 300 
board. Thus, the VAX back-end 
is connected to the Multibus II 
front-end. The board becomes a 
communications center for the 
rest of the system, speeding up 
the whole system in the process. 

the old chip and insert a new on the military side, a host 
one. Second, the transceivers of presentations in the 
also must be replaced. Resolder- technical program are based on 
ing may have to be done forcer- military issues. One such pre­
tain transceivers, which is usual- sentation, by Kim Clohessey of 
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Dy-4 Systems, Nepeon, Ontar­
io, Canada, goes into detail 
about the militarization of 
VME. It discusses the market­
place, standards activity, and 
general design considerations. 
In Clohessey's dialogue on the 
marketplace, he states that the 
military market is growing at a 
rapid pace. More specifically, he 
says that the market, which 
presently stands at $30 million, 
is projected to balloon to $300 
million by 1995. 

A second presentation, given 
by David DeKing and Anthony 
Comito of the Armored Vehicle 
Technologies Associated, Troy, 
Mich., deals with the Standard 
Army Ventronics Architecture 
(SAVA). The paper addresses 
such issues as physical and elec­
tronic vehicle integration and 
the SAVA specifications and 
building blocks (Fig. 1). The 
building blocks show all of the 
elements of a SAVA system, one 
that's suitable for military envi­
ronments. 

Signetics is releasing its ABT 
family of 8- to 10-bit bus-inter­
face parts for military applica-

Subsystems 

STD power 
and data buses 

wiring 

• BUSCON/91-EAST • 

tions. ABT was originally devel­
oped for commercial use. The 
new parts are built on the com­
pany's proprietary QUBiC ad­
vanced biCMOS process, which 
is a very fast, 13-GHz bipolar, 
0.8-µm CMOS process. The 
parts combine high speed, low 
power, and low noise, all essen­
tial characteristics for bus inter­
face. 

Signetics feels that the mili­
tary market is concerned with 
noise and reliability problems 
due to heat. It contends that pre­
sent offerings haven't addressed 
these problems inherent to high­
current-drive CMOS parts. The 
ABT devices, the 54ABT543, 
54ABT646, and 54ABT2952, 
solve both problems simulta­
neously. The low-power feature 
keeps the system relatively cool, 
which directly affects system re­
liability, while the low-noise fea­
tures increase the system's reli­
ability. In addition, the biCMOS 
process, when compared to bi­
polar CMOS, has relatively flat 
temperature characteristics 
with respect to performance fea­
tures like speed, output drive, 

noise, and power dissipation. 
The flat temperature character­
istics are particularly significant 
for military applications requir­
ing wide temperature ranges. Bi­
polar transistors get stronger as 
temperatures rise (betas get larg­
er with higher temperatures) 
and CMOS transistors get stron­
ger as temperatures fall (Fig. 2). 
The fastest point that a pure 
CMOS circuit will work at is the 
low-temperature range, the op­
posite of bipolar. 

Signetics will also display its 
Multibyte and Futurebus+ 
products at Buscon. The compa­
ny says five transceivers will be 
in production by show time. A 
Futurebus+ protocol controller 
is presently sampling and a cen­
tral arbiter will sample right af­
ter Buscon. 

Multibyte is similar to ABT 
because it's made from the same 
process, but each Multibyte IC 
contains two or four ABT parts. 
It has the same functionality and 
performance as ABT, but with a 
higher level of integration. 

Another vendor focusing on 
military and aerospace parts is 

Standard Electronic Modules, Appendix B 
(SEM B) span 21 .95·X·5.74·in. pc boards 

STDmodol•~ 

l 

SAVA STD backplane 
• VMEbus 
•Test and maintenance bus 
• Backplane power buses 

Subsystems 
Components 

Utility (power·control) 
bus 

_ SAVA power station ----:" ,,.-' I 

remote power controllers 

1. The SAVA station architecture is constructed with a family of modular buses, allowing for quick and easy repair. The hardware modules come with 
bui lt- in test features. 
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Radstone Technology Corporation 
20 Craig Road, Montva le, NJ 07645-1737 
Call Toll-Free: (800) 368-2738 
Eastern Region: (201) 391-2700 
Central Region: (708) 304-0202 
Western Region: (408) 727-4795 

A multiple systems-withm-a-systein architecture fanning 
tightly coupled sub-systems capable of Independent and 
palilllel operation. 

The VME Sub-system Bus gives you ,., · 
•A proven system solution that's multi-vendor sourced and industry 

accepted. 
•Highly flexible multiple bus capability today. 
•Multiple systems within a system. 
•Wide range of products: CPUs, VO and memory. 
• Freeflow+ architecture that eliminates system bottlenecks. 
•Increased system efficiency: VSB for data/VME for message passing. 
If you're looking for a way to get next generation bus architecture per­
formance right now, look at VSB. Radstone will support your efforts with 
the world's most complete line of VME/VSB processor, VO and memory 
boards and the world's only line of Freeflow+ architecture boards. Call 
us to take advantage of the ancient wisdom of VSB ... now. 

BUSCON/91-EASr 
SEE USAT 
BUSCOW111 EAST 
BOOTH•t017 TE C HNOLO G Y 
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• BUSCON/91-EAST • 

National Semiconductor Corp., 
Santa Clara, Calif. Aerospace 
parts differ from military parts 
in that they don't necessarily 
have to meet all of the military 
requirements, but must meet 
some. National's Pi-Bus line is 
popular in military avionics. 
The architecture follows a stan­
dard set by the Joint Integrated 
Avionics Working Group 
(JIAWG), one of the task forces 
formed to standardize military 
and avionics electronics. 

7% 
t -:...-:...-=-=.-=.-=-=-.=-.=-.=-:..::-_:-:.:-:.:-:.::-:.::-:.::-:..:-::...:-::...:-::...:-::...:-=-=-=-=-=-=---=-------ABT 

2.5+------------------------~ 

A presentation by Chuck 
Roark, from Texas Instruments' 
Defense Systems and Electron­
ics Group, Plano, Texas, offers 
insight into the Pi-Bus architec­
ture. The paper gives an over­
view and the history of Pi-Bus 
and discusses the current issues 
surrounding the bus. One issue 
involves adding 32-bit require­
ments. Another allows for more 
efficient message transfers, in 
which a datagram message type 
is added to make the message 
passing more efficient. 

There are different ways to 
configure Pi-Bus. The bus can be 
configured as 16- or 32-bi ts 
wide, and for error correction or 
error detection. All of the con-

Host subsystem 

-40'C 

2. Advanced biCMOS 
TTL (ABT) has rela­
tively flat temperature 
characteristics with 
respect to propagation 
delay, compared to 
other technologies. 
This is a particularly 
significant character­
istic for military appli­
cations that require 
wide temperature 
ranges. 

Temperature ('C) 

figurations are based on the Pi­
Bus controller (Fig. 3). Because 
many different configuration 
schemes exist, various compa­
nies use an assortment of con­
trollers. National chose to pro­
duce the Pi-Bus transceivers, 
which are common to each dif­
ferent scheme. 

JIAWG, supported by the 
U.S. Army and Air Force, was 
looking to work with tangible 
products. Because Futurebus 
still hasn't delivered any com­
plete products, Pi-Bus was cho­
sen. On the other hand, Next­
Generation Computer Resource 

(NGCR), the stan­
dards group for the 
Navy, was willing to 

Control bus 
Equipment test and 
maintenance bus 

(optional) 
Local bus 

go with Futurebus+ 
after evaluating the 
many available re­
sources. Naval doc­
uments mandate 
that starting in Sep­
tember 1992, all 
products must com-

Module slave ID 

Driver Enable 

Clock A 

M82916 Pi-Bus interface unit 

Bus 
Enable 

DS1776 

Pi-Bus A 

Bus 
Enable 

DS1776 
Pi-Bus transceivers 

Pi-Bus B 

Driver Enable 

Clock B 

3. The Pi-Bus interface unit is the central point in the system. The host subsystem 
connects to the interface unit through the control bus; the local bus; and the 
equipment, test, and maintenance bus. 

ply with the Future­
bus+ specifications. 
Companies present­
ly designing prod­
ucts are trying to en­
sure that an upgrade 
path to Futurebus+ 
is possible. 

A bus that's gain­
ing lots of momen­
tum is the SBus. 
VMetro Inc., Hous-
ton, Texas, is work­
ing on a bus analyzer 

85'C 

for the SBus. The instrument 
follows the company's existing 
product architecture for bus an­
alyzers. They currently have an­
alyzers for VME and VSB buses, 
and a general-purpose tool with 
a P2 connector that's a daught­
erboard module. 

Basically, VMetro had to al­
ter their core analyzer compo­
nent to make it SBus-compati­
ble. This was a difficult project 
because an SBus board is much 
smaller than a VME board. The 
analyzer can capture all signals 
and cycles from the SBus. It also 
has a programmable-event com­
parator. VMetro hopes that the 
analyzer will be ready for Bus­
con/92-West early next year. 

Due to the recent surge in 
STD 32 (the 32-bit version of the 
STD bus), an interest group is 
being formed around the archi­
tecture. Initially known as Spe­
cial Interest Group 32 (SIG 32), 
the group's first meeting will 
take place at Buscon. Among 
the topics to be discussed are the 
significant issues and applica­
tions surrounding STD 32 and 
STD developments as they re­
late to PC/ AT, EISA, and VME 
buses. 

HOW VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 557 
CIRCLE558 
CIRCLE 559 
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M U L T I B U S II 

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

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

packaging products by nearly 40 percent! 
• You can explore the world of Multibus II 

with your free copy of the new 1991 

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

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

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

INTEL 
Call 800·548-4725 
NEW! High integration 33 MHz i486 CPU board • 

MICRO INDUSTRIES 
Bill Jackson 800-446-6762 FAX 614·548·6184 

NEW! i960-based RISC development board 

SIEMENS AG 
Dr. Klaus P. Killian. Germany0894144 5737 FAX0894144 5841 

NEW! Scalar CPU board with Hard-Realtime Unix 

MENTEC 
Ralph Shaw 800-446·6762 FAX 614·548·6184 
NEW! i860-based SBC running UNIX System V Rel. 4 ~COPYRIGHT 1991 MULTIBUS MANUFACTURERS GROUP 

P.O. BOX 6208, ALOHA, OREGON 97007. 503·696· 7155 



Once again, Lattice leads the market with the world's fastest CMOS 22Vl 0. The 1 Ons, GAL22V1OB·10. 
Thanks to our FCMOS® technology, this GAL® device runs at a cool 90mA typical Ice. And it's 100°/o tested. When tt 
comes to high performance and high quality, no one can match the Lattice fomi~ of leodingtldge, E2CMOS GAL devices. 

To have a free sample and a GAL Doto Book shipped to you, just mll 1 ·800-FASTGAL Ask for 
De!XJrlment 304. 

Lattice® 
Semiconductor 
Corporation 

5555 Northeast Moote Court • Hillsboro, Olegon 91124 

Leader in E2CMOS PLDs:M 

Copyright © 1991 , lollke Semicondudor Corporation. GAi. and PCMOS ore registered trademarks of l.allice Semiconductor Corpondion. 
Cirlce 302 for Literature (U.S. Response) 
Circle 303 for Literature (Response Outside U.S.) 



T C COMPILER OFFERS 
FLEXIBLE DEVELOPMENT 

Supplying fu ll-spectrum develop­
ment, the PDOS/MRI ANSI C native 
compiler is based on Microtec Re­
search's ANSI C cross compiler. 
Full-spectrum development means 
the ability to develop on a cross (host) 
and/or native (target) system and 
generate compatible code from both 
platforms. The compiler is tailored 
with PDOS cross and native inter­
face libraries so that programmers 
can develop real-time applications 
using a standard compiler on a host 
and/ or native system. The compiler 
is designed for the Motorola 68000 
family of microprocessors. The na­
tive version costs $2500 and goes up 
to $7900 for the cross version on a 
Sun SparcStation. 

Egringlnc. 
1455 West 820 N orth 
Provo, UT 84601 
(801) 375-2434. 
~CIRCLE690 

T CONNECT SBUS TO 
HIGH-SPEED SERIAL LINES 

Sbus systems calling for an interface 
to high-speed serial lines running at 
speeds up to 2.048 Mbits / s now have 
an answer: The SB-302 serial commu­
nications controller from SBE Inc. 
The high-performance, dual-port 
adapter card supports X.25, LAPB, 
and other wide-area network proto­
cols. The board is built with a 20-MHz 
68302 microprocessor for El (2.048 
Mbits/s) applications, with a 16-MHz 
option for Tl (1.544 Mbits/s) require­
ments. 

The SB-302 comes with 256 kbytes 
of SRAM, 2 Mbytes of DRAM, and 
512 kbytes of EPROM. Two serial 
ports, one channel at El or Tl and 
one at 128 kbits/s, support multiple 
protocols. Each port can be indepen­
dently configured to meet EIA-232-
D, EIA-449, EIA-530, or V.35 require­
ments using interface modules. The 
board is available with SunOS and 
X.25 device drivers . Shipments 

should start in the fourth quarter. 
SBE/nc. 
2400 Bisso Lane 
Concord, CA 94520 
(415) 680-7722. 
~CIRCLE 691 

T SCSI-II HOST ADAPTER 
CONNECTS TO VME, VME64 

The V / SCSI 4220 Cougar is a high­
performance SCSI-II host bus adapt­
er for VME and VME64 systems and 
supports a data-transfer rate of 10 
Mbytes/s. The adapter intends to re­
duce SCSI-II command overhead. 
The board, which comes with a multi­
function daughterboard connecter 
that's supported by Interphase, is 
based on the Motorola 68030 micro­
processor. It will be available in the 
first quarter of next year. 

Interphase Corp. 
13800 S enlac 
Dallas, TX 75234 
(214) 919-9000. 
~CIRCLE 692 

SAMPLING OF BOARD MANUFACTURERS 
Companies with a * *Ariel Corp. (SCSI) Cubit Div., 
will be exhibiting at 433 River Rd. CIRCLE 612 Proteus Industries 

Buscon/91-East Highland Park, NJ 08904 340 Pioneer Way 
(201) 249-2900 *Clearpoint Research Corp. Mountain View, CA 94041 

Acromag Inc. (DSP) 35 Parkwood Dr. (415) 962-8237 
30765 Wixom Rd. PO Box 437 CIRCLE 606 Hopkinton, MA 01748 (STD) 
Wixom, Ml 48393-7037 

Atlanta Signal Processors 
(617) 435-2000 CIRCLE 619 

(313) 624-1541 (VME) 
(VME) (110) 770 Spring St. CIRCLE 613 Cyclone Microsystems 

CIRCLE 600 
Atlanta, GA 30308 25 Science Park 
(404) 892-7265 *Communication Automation New Haven, CT 06511 

Adaptec Inc. (PC/ AT) (DSP) & Control (203) 786-5536 

691 South Milpitas Blvd. CIRCLE 607 1642 Union Blvd. Suite 200 (VME)(N) 

Milpitas. CA 95035 Allentown, PA 18103 CIRCLE 620 

(408) 945-8600 *Augment Systems Inc. (215) 776-6669 Data Translation Inc. 
(SCSI) (EISA) (PC/AT) 19 Crosby Dr. (DSP) (VME) (PC/AT) (STD) 100 Locke Dr. 
CIRCLE 601 Bedford, MA 01730 CIRCLE 614 Marlboro, MA 01752 (617) 271-0230 

Alacron (VME) (NuBus) Computer Dynamics (508) 481-3700 

71 Spitbrook Rd. Suite 204 CIRCLE 608 107 S. Main St. (DSP) 

Nashua, NH 03060 Greer, SC 29650 CIRCLE 621 

(603) 891-2750 *Bus-Tech Inc. (803) 877-8700 Daiei Inc. 
(VME) (PC/ AT) 129 Middlesex Turnpike (STD) (PC/AT) 11 Cabot Blvd. 
CIRCLE 602 Burlington, MA 01803 CIRCLE 615 Mansfield, MA 02048 

(617) 272-8200 (508) 339-3000 
Analogic Corp. (N)(SCSI) *Concurrent Technologies (PC/AT) (1/0) 
8 Centennial Dr. CIRCLE 609 701 Devonshire Dr. CIRCLE 622 
Peabody, MA 01960 Champaign, IL 61820 
(508) 977-3030 *Central Data (217) 356-7004 *Digital Equipment Corp. 
(PC/AT) (VME) 1602 Newton Dr. (MBl)(MBll) Continential Blvd., 
CIRCLE 603 Champaign, IL 61821 CIRCLE 616 M/ S MK02-2/F10 

(217) 359-8010 
Coreco Inc. Merrimack, NH 03054 

Andrew KMW Systems Inc. (SBus) (SCSI) (MBI) (MBll) 
6969 Trans-Canada Hwy., (603) 884-5384 

6034 W. Courtyard Dr. CIRCLE 610 (VME) (SCSI) (T) 
Austin, TX 78730 Suite 113 

(512) 338-3000 Centralp Automatismes St. Laurent, Quebec H4T 1 VB CIRCLE 623 

(VME) (MBll) (SCSI) 25 Cedar St. (514) 333-1301 Diversified Technology 
CIRCLE 604 Clinton, MA 01510 (PC/AT) (G) 117 East State St. 

(508) 368-1301 CIRCLE 617 Ridgeland, MS 39158 

*AP Labs 
(PC/AT) (MBI) (MBll) (BOO) 443-2667 

6215 Ferris Sq. 
CIRCLE 611 *CSPI Inc. (PC/AT) 

San Diego, CA 92121 Ciprico Inc. 
40 Linnell Cir. CIRCLE 624 
Billerica, MA 01821 

(619) 546-8626 2955 Xenium La. (617) 272-5020 DY 4 Systems Inc. 
(VME) (SBus) Plymouth, MN 55441 (VME) (PC/ AT) (EISA) 21 Fitzgerald Rd. 
CIRCLE 605 (612) 559-2034 CIRCLE 618 Nepean, Ontario K2H 9J4 
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(613) 596-9911 
(VME) 
CIRCLE 625 

Dynatem/Oettle and 
Reichler 

15795 Rockfield Ave., Suite G 
Irvine, CA 92718 
(714) 855-3235 
(VME) 
CIRCLE 626 

Force Computers Inc. 
3165 Winchester Blvd. 
Campbell , CA 95008-6557 
(408) 370-6300 
(VME) 
CIRCLE 627 

*Formation Inc. 
121 Whittendale Dr. 
Moorestown, NJ 08057 
(609)234-5020 
(VME)(N) 
CIRCLE 628 

*General Micro Systems Inc. 
4740 Brooks St. 
Montclair, CA 91763 
(714) 625-5475 
(VME) 
CIRCLE 629 

(continued on p. 134) 
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T CONVERT EISA SYSTEM SAMPLING OF BOARD MANUFACTURERS 

TO FILE SERVER 
Converting EISA computers into 
high-performance file servers, mul­
tiperipheral workstations, or multi­
user networks is now made easier 
with the EISA SCSI Master. The 
host-adapter kit comes with an 
EISA-to-fast SCSI host adapter 
(AHA-1740), software, cables, and 
documentation . Sys tem perfor­
mance is maximized by transferring 
32-bit data to and from memory at 33 
Mbytes / s, independent of the sys­
tem processor. Up to seven SCSI de­
vices are supported, including disk, 
tape, CD-ROM, WORM, and DAT. 
The kit is available now for $695. 

Adaptec Inc. 
691 S. Milpitas Blvd. 
Milpitas, CA 95035 
(408) 945-8600. 
... CIRCLE 693 

T COMMUNICATIONS, STORAGE 
MODULES ADD PUNCH 

Two new products, a high-speed, par­
allel communications expansion 
module and a high-performance 
data-storage module (DSM) are 
available from Matrix Corp. The DB­
PCOMM communications expansion 
board exceeds 30 Mbytes/ s in a 32-bit 
data transfer, independent of the 
host CPU. It's appropriate for any 
applications where full 32-bit data 
must be downloaded quickly. The 
daughterboard attaches to any dou­
ble-height host CPU with a Dbus 68 
interface. Based on a public-domain 
specification, Dbus 68 is available on 
several Matrix CPU boards. The DB­
PCOMM also attaches to the VSB ex­
tension bus. It sells for $2995 and will 
be available in the fourth quarter. 

The DSM employs standard drives 
to achieve up to 100 Mbytes of for­
matted hard-drive capacity and 1.44 
Mbytes offloppy-drive capacity. The 
modules takes up two slots in a VME­
bus system on a 6U form-factor 
board. Several combinations of flop­
py and hard drives are available. The 
DSM supports single-, double-, and 
quad-density formats , including PC/ 
AT. The DSM is priced at $860 and is 
available now. 

Matrix Corp. 
1203 New Hope Rd. 
Raleigh, NC 27610 
(919) 231-8000. 
... CIRCLE 694 

Gespac 
50 West Hoover Ave. 
Mesa, AZ 8521 O 
(602) 962-5559 
(110) (N) (G) 
CIRCLE 630 

Graphic Strategies Inc. 
549 Weddell Dr. 
Sunnyvale, CA 94089 
(408) 745-6500 
(VME) 
CIRCLE 631 

*Green Spring Computers 
Inc. 

1204 O'Brien Dr. 
Menlo Park, CA 94025 
(415) 327-1200 
(VME) (NuBus) (1/ 0 ) 
CIRCLE 632 

*Heurikon Corp. 
8000 Excelsior Dr. 
Madison, WI 53717 
(608) 831-0900 
(VME) (MBI) (MBll ) 
CIRCLE 633 

I-Bus 
9596 Chesapeake Dr. 
San Diego, CA 92123 
(619) 569-0646 
(PC/ AT) 
CIRCLE 634 

*ICS Pte. Ltd. 
2 Alexandra Rd. 
07 -09 Delta House 
Singapore 0315 
065-278-8288 
(EISA) 
CIRCLE 635 

*Image & Signal Processing 
Inc. 

120 linden Ave. 
Long Beach, CA 90802 
(213) 495-9533 
(VME) (MBll) (PC/AT) 
CIRCLE 636 

*lmagraph Corp. 
11 Elizabeth Dr. 
Chelmsford, MA 01824 
(508) 256-4624 
(VME) (PC/AT) (EISA) (G) 
CIRCLE 637 

*Intel Corp. 
3065 Bowers Ave., 
MIS GR1-68 
Santa Clara, CA 96051 
(408) 765-1710 
(MBll) 
CIRCLE 638 

*Interactive Circuits & 
Systems Ltd. 

5430 Canotek Rd. 
Gloucester Ont. CN K1J 9G2 
(613) 7 49-9241 
(VME) (DSP) 
CIRCLE 639 

*lnterphase Corp. 
13800 Seniac 
Dallas, TX 75234 

(214) 919-9000 
(VME) (MBll) (EISA) (SBus) 
(N) (SCSI) 
CIRCLE 640 

Ironies Inc. 
798 Cascadilla St. 
Ithaca, NY 14850 
(607) 277 -4060 
(VME) 
CIRCLE 641 

*Lockheaed Sanders Inc. 
9 Townsend W. 
Nashua, NH 03061 
(603) 885-3522 
(VME) 
CIRCLE 642 

Logical Design Group Inc. 
6301 Chapel Hill Rd. 
Raleigh, NC 27607 
(919) 851-1101 
(VME) 
CIRCLE 643 

*Macrolink Inc. 
1500 N. Kellogg Dr . 
Anaheim, CA 92807 
(714) 777-8800 
(VME) 
CIRCLE 644 

*Matrix Corp. 
1203 New Hope Rd. 
Raleigh , NC 27610 
(919) 231-8000 
(VME) (STD) 
CIRCLE 645 

Matrox Electron ic Systems 
1055 St. Regis 
Dorval , Quebec H9P 2T4 
(800) 361 -4903 
(PC/AT) (G) 
CIRCLE 646 

*Micro Industries 
691 Greencrest Dr. 
Westerville, OH 43081 
(614) 895-0404 
(VME) (MBI) (MBll) (FB +) 
(PC/AT) 
CIRCLE 647 

*Micro Memory Inc. 
9540 Vassar Ave. 
Chatsworth, CA 91311 
(81 8) 998-0070 
(VME) (MBI) (MBll) (SBus) 
(PC/AT) 
CIRCLE 648 

Micro/ sys Inc. 
1011 Grand Central Ave. 
Glendale, CA 91201 
(818) 244-4600 
(STD) 
CIRCLE 649 

Mizar Inc. 
1419 Dunn Dr. 
Carrollton, TX 75006 
(214) 446-2664 
(VME) 
CIRCLE 650 

*Motorola Computer Group 
2900 S. Diablo Way 
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Tempe, AZ 65282 
(602) 438-3512 
(VME) 
CIRCLE 651 

*Nanotek Inc. 
3690 E. Sunnyside Rd. 
Idaho Falls, ID 83406 
(208) 523-4468 
(FB +) 
CIRCLE 652 

*Newbridge Microsystems 
603 March Rd. 
Kanata, Ontario K2K 2M5 
(613) 592-0714 
(VME) (PC/ AT) 
CIRCLE 653 

New-Mark Systems Inc. 
5319 Randall Pl. 
Fremont, CA 94538 
(415) 770-8350 
(PC/AT) (STD) 
CIRCLE 654 

Omnlbyte Corp. 
245 W. Roosevelt Rd. 
West Chicago, IL 60185 
(800) 638-5022 
(VME) (110) 
CIRCLE 655 

*Parsytec Inc. 
245 W. Roosevelt Rd. 
Bldg. 9, Unit 60/ 61 
West Chicago, IL 60185 
(708) 293-9500 
(VME) (PC/AT) (NuBus) 
(SBus) 
CIRCLE 656 

PC/M Corp. 
6805 Sierra Ct. 
Dublin, CA 94568 
( 415) 829-8 700 
(VME) (DSP) 
CIRCLE 657 

*Pentek Inc. 
55 Walnut St. 
Norwood, NJ 07648 
(201) 767-7100 
(DSP) (VME) (MBI) (MBll) 
CIRCLE 658 

*Pentland Systems ltd. 
5627 Stoneridge Dr. 
Pleasanton, CA 94588 
(415) 460-3820 
(VME) (110) 
CIRCLE 659 

PEP Modular Computers 
Inc. 

600 North Bell Ave. 
Pittsburgh, PA 15106 
(412) 279-6661 
(N) (VME) (G) (SCSI) 
CIRCLE 660 

(continued on p . 136) 
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Jt's no bigger than this ad (6U VMEbus to be exact). 
doesn't suck power like less efficient controllers. It's 

-based for super performance. It connects single or 
attached stations from a single VME slot. It supports 

ty of media, from fiber to twisted pair. It's ANSJ 
9 FOOi standard compliant. It's certified by the 

ed Networking Test Center™ and the~ 
Hampshire Interoperability Lab (lnterph 

a charter member of both). 
And, 

IT'S AVAILABLE ... RIGHT NOW. 

nterphase V/FDDI 4211 Peregrine is at 
.now in some of the industry's leading 
networks. Put lnterphase high perfi 

expertise to work for you. 
FAX us today for information about In 

• s, including VME and Multibus c 
fiberHUB FOOi Concentrator and the' 

Designer's Kit. We've also got proven 
Token-Ring products to tell you a 

(214) 919-9000 
FAX: (214) 919.9200 

· In Europe: 
9-321222 FAX: (44) 869-2..f. 
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T SBC GETS 40 MIPS 

FROM DUAL 68040S 
speeds. Prices for the board start at 
$3745. 

Synergy Microsystems Inc. 
179 Calle Magdalena 
Encinitas, CA 92024 
(619) 753-2191. 
ll>CIRCLE695 

T MULTI-AXIS MOTION 
eight axes. 

The SV 420 is a single-board comput­
er that's built with two 68040 micro­
processors. The two processor s 
share up to 32 Mbytes of high-speed 
DRAM and can operate in one of two 
modes, either tightly- or loosely-cou­
pled. The VMEbus board offers 40 
MIPS of processing power, supports 
zero wait-state memory cycles, and 
can offload 68040 tasks to an inde­
pendent DMA coprocessor. VME64 
is employed to double VME transfer 

CONTROLLER GAINS DSP 
Adding digital-signal processing to 
gate-array technology equals an in­
telligent, programmable multi-axis 
controller (PMAC) for the STD and 
STD 32 buses operating at 10 MIPS. 
The ZT 8931 controls de brush and 
brushless motors, as well as ac in­
duction, stepper, and variable-reluc­
tance motors. The controller is a two­
board set that contains a Motorola 
56001 digital-signal processor, four 
axes of motion control, and encoder 
feedback and ancillary-control func­
tions. It supplies a 100-,us servo up­
date rate per axis. A third board 
could be added to support a total of 

By using DSP technology, the con­
troller allows more sophisticated 
servo algorithms, complex program­
ming tasks, and faster throughput. 
The ZT 8931 can operate in a stand­
alone configuration through an RS-
232 port or within a system. Applica­
tions include general automation, ro­
botics, and machine tooling. The 
four-axes version sells for $2988 and 
is available now. 

Ziatech Corp. 
3433 Roberto Ct. 
San Luis Obispo, CA 93401 
(805) 541-0488. 
ll>CIRCLE696 

SAMPLING OF BOARD MANUFACTURERS 
Performance Semicon-

ductor 
61 O E. Weddell Dr. 
Sunnyvale, CA 94089 
(408) 734-8200 
(VME) 
CIRCLE 661 

RGB Spectrum 
2550 Ninth St. 
Berkeley, CA 94710 
(415) 848-0180 
(G) 
CIRCLE 667 

Rockwell CMC 
*Performance Technologies 125 Cremona Dr. 

Inc. Santa Barbara, CA 93117 
435 W. Commercial St. (805) 968-4262 
East Rochester, NY 14445 (VME) (N) (MBll) (PC/AT) 
(716) 586-6727 CIRCLE 668 
(VME) (MBI) (SBus) (SCSI) 
CIRCLE 662 

*Polaris Communications 
8219 SW Cirrus Dr. 
Beaverton, OR 97005 
(503) 643-1533 
(VME) (PC/AT) 
CIRCLE 663 

Pro-Log Corp. 
2555 Garden Rd. 
Monterey, CA 93950 
(408) 372-4593 
(STD) (110) 
CIRCLE 664 

*Radisys Corp. 
19545 NW Von Neumann Dr. 
Beaverton, OR 97006 
(503) 690-1229 
(PC/AT) (VME) 
CIRCLE 665 

*SBE Inc. 
2400 Bisso La. 
Concord, CA 94520 
(415) 680-7722 
(VME)(N) 
CIRCLE669 

SGS-Thomson 
Microelectronics/lnmos Div. 
1000 E. Bell Rd. 
Phoenix, AZ 85022-2699 
(602) 867-6235 
(VME) 
CIRCLE 670 

Siemens AG Auto Group 
Gleiwitzer Strasse 555 
Nurnberg, FAG D8500 
911-895-3141 
(MBl)(MBll) 
CIRCLE 671 

*SMT 
1080 Linda Vista Dr. 
San Marcos, CA 92069 
(619) 744.3590 
(PC/AT) (110) 
CIRCLE 673 

*Sun Microsystems Inc. 
2550 Garcia Ave. 
MIS PAL 1-507 
Mountain View, CA 94043 
(415) 969-9131 
(SBus) 
CIRCLE 674 

Synergy Microsystems Inc. 
179 Calle Magdalena 
Encinitas, CA 92024 
(619) 753-2191 
(VME) 
CIRCLE 675 

*Tadpole Technology 
6310 Capitol Of TX Hwy N 

Suite 375 
Austin, TX 78731 
(512) 338-4221 
(VME) 
CIRCLE 676 

Teknor Microsystems Inc. 
P.O. Box 455, 
Sainte Therese, Quebec J7E 
4J8 
(514) 437-5682 

. (PC/AT) (G) 
Sigma Information Systems CIRCLE 677 
5775 Polaris Ave. 

*Radstone Technology 
Corp. 

20 Craig Rd. 
Montvale, NJ 07645 
(201) 391 -2700 
(VME) (MBI) (110) (SCSI) (N) 
(G) 
CIRCLE 666 

Las Vegas, NV 89118 
(702) 597 ·5111 
(SBus) 
CIRCLE 672 

Texas Microsystems Inc. 
10618 Rackley Rd. 
Houston, TX 77099 
(713) 933-8050 
(PC/AT) 
CIRCLE 678 

*Themis Computer 
6681 Owens Dr. 
Pleasanton, CA 94588 
(415) 734-0870 
(VME) (SBus) (N) 
CIRCLE 679 

*Trenton Terminals Inc. 
2900 Chamblee Tucker Rd., 
Bldg. 10 
Atlanta, GA 30341 
(404) 457-0341 
(PC/AT) 
CIRCLE 680 

*Vigra Inc. 
4901 , Morena Blvd. Suite 502 
San Diego, CA 921 17 
(619) 483-1 197 
(VME) (G) (SBus) 
CIRCLE 681 

*VME Microsystems Inter-
national Corp. 

12090 S. Memorial Pkwy. 
Huntsville, AL 35803 
(205) 880-0444 
(VME) 
CIRCLE 682 

*Workstation Products Inc. 
322 Meadowlark Dr. 
Richardson, TX 75080 
(214) 669-9587 
(VME) (SCSI) (N) 
CIRCLE 683 

*Xycom Inc. 
750 N. Maple Rd. 
Saline, Ml 48176 
(313) 429-4971 
(VME) (PC/AT) 
CIRCLE 684 
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Xylogics Inc. 
53 Third Ave. 
Burlington, MA 01803 
(617) 273-5392 
(VME) (MBll) 
CIRCLE 685 

XYZ Electronics Inc. 
4700 North 600 West 
McCordsville, IN 46055 
(317) 335-2128 
(STD) 
CIRCLE 686 

Yarc Systems Corp. 
27489 W. Agoura Rd. 
Agoura Hills, CA 91301 
(818) 889-4388 
(PC/AT) 
CIRCLE 687 

Zendex Corp. 
6780A Sierra Ct. 
Dublin, CA 94568 
(415) 828-3000 
(MBll) 
CIRCLE 688 

*Ziatech Corp. 
3433 Roberto Ct. 
San Luis Obispo, CA 93401 
(805) 541 -0488 
(STD) (110) 
CIRCLE 689 
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Searching for embedded solutions? 
Let us shed a little SPARClite. 

We're blazing a trail for designers of embedded 
control systems. And now the unparalleled 
performance, innovation, simplicity and cost 
efficiency of RISC technology are finally in sight. 

Introducing SPARClite'." A complete family of 
RISC processors from the Advanced Products 
Division of Fujitsu Microelectronics. Designed 
from the ground up for high-performance 
embedded applications. 

Our first SPARClite family member, the 

cO 

40 MIPs peak and 37 MIPs sustained performance. 
Software compatible with the industry-standard 

SPAR~ architecture, our MB86930 provides the on­
chip cache memory needed to meet the demands 
of performance-critical real-time routines. As 
well as a unique cache-locking mechanism and 
many other on-chip peripheral functions. 

What's more, Fujitsu's SPARClite program is 
complemented by a full range of multi-platform 

support tools from the leading names in 
development systems. To help you get 

FUJITSU 
to market more quickly than ever before. 

So why keep searching in the dark? 
Call us at 1-800-523-0034.And turn on 
SPARClite for the best in embedded 

MB86930 processor, provides a new gen­
eration of solutions that can easily be 
designed into your embedded applications 
- for much greater performance at very 
competitive prices. Operating at clock 
speeds up to 40 MHz - and providing Delivering the Creative Advantage. solutions. 

RJJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. Ph: 408-456-1161 Fax: 408-943-9293. 
RJJITSU MICROELECTRONICS ASIA PTE LTD. (Head Office, Singapore): Ph: 65-336-lfiOO Fax: 65-336-1609. HONG KONG SAIB5 OFC: Ph: 852-723-0393 Fax: 852-721-6555. 

TAJ PEI~ OFC: Ph: 886-2-757-6548 Fax: 886-2-757-6571. JAPAN SAIB5 OFC: Ph: 81-3-3216-3211Fax:81-3-3216-9771. KMLCORP. (Rep., Korea): Ph: 82-2-SBS-2011Fax:82-2-SBS-2017. 
PACIFIC MICROELECTRONICS, PT'l LTD., (Rep., Australia): Ph: 61·2-48Hl065 Fax: 61-2-484-4460. 

RJJITSU MIKROELEKTRONIK GmbH (Dreieich-Buchschlag, Germany): Ph: 06103-6!Kl0 Fax: 06103-6!Kll22. 
SPAROite is a trademark of SPARC International, exdu.sively licensed to l\Jjitsu Microelectronics, Inc. SPARC is a registered trademark of SPARC International, Inc. 
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• 365 Standard Models 
• Single, Dual & Triple Output 
• Remote Disable Pin Standard 
• Up to 1 OOV DC Output now 

Standard 
• SOOV DC Isolated Input to 

Output 
• All Units Shielded 

MIL·STD·883 UPGRADES 
AILABLE 

Expanded operating temp. 
( - 55°C to + 85°C) 
No Heat Sink Required 
Stabilization Bake 
(125°C ambient) 

• Temperature Cycle 
(-55°C to + 125°C) 
Hi temp., full power burn in 
(100% power, 125°C case 
temp.) 

PICO also manufactures over 850 
standard DC-DC converters and over 
2500 ultra-miniature transformers, 
Inductors and new AC-DC power supplies. 

DI" ""~9~~~ e 1very- O• 14 .ll!lo

9
..-Af O• 

stock to /:, • .te u, 9 · 
one week "Ii~~ :,,r1 r11,,.e::,8sss 
PICO C0Ce1a;; 
Electronics, Inc. 

453 N. MacOuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699·5514 
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T STD DEVELOPMENT 

BOARD USES 16-MHZ 68000 
Based on the XYZ CPU-68K16, the 
SB-68K16 processor card for the 
STD bus comes with a C compiler, as­
sembler, and text editor. In addition, 
512 kbytes of RAM as well as a 256-
kbyte RAMdisk are included. All the 
user needs to supply is an STD card 
cage and a 9600-baud terminal or a 

PC with a communications package. 
No disk drive is required. Hardware 
features include a 16-MHz 68000 pro­
cessor, three timers, and two RS-
232/ 422/ 485 serial ports. The 
board's software is based on 
Microware's OS-9/68000 operating 
system. The board is priced at $1300. 

XYZ Electronics Inc. 
4700North 600 West 
McCordsville, IN 46055 
(317) 335-2128. 
•CIRCLE697 

T FUTUREBUS + SU BRACKS 
HOLD 70% HEAVIER LOAD 

The Metrix 2000 is a family of "hard 
metric" products designed specifi­
cally for the packaging of Future­
bus+ systems. The family includes a 
complete range of electronic cabi­
nets, cases, and Metripac subracks 
and plug-in units to meet the recent­
ly established mechanical standards 
for the next generation of Future­
bus+ products. 

The line of subracks features 70% 
more weight-carrying capacity than 

traditional Eurocard systems used 
by VME. This is done without sacri­
ficing airflow over the boards. They 
also feature complete conductivity 
and shielding capability for electro­
magnetic compatibility, as well as 
specially designed PVC guide rails 
for protection from electrostatic dis­
charge when inserting a plug-in unit. 
Prices for the subracks start at $300. 

Schroff Inc. 
170 Commerce Dr. 
Warwick, RI 02886 
(800) 451-8755. 
•CIRCLE 698 

T 68040 VME CPU BOARD 
STANDS BY MIL SPECS 

A VME board based on a 25-MHz 
68040 microprocessor is fully de­
signed to military specifications. The 
CPU-40 is an NDI (non-developmen­
tal item) solution for military appli­
cations. Suited for high-speed, real­
time embedded systems, the board 
holds up to 8 Mbytes of dual-ported 

RAM, 2 Mbytes of EPROM or 4 
Mbytes of flash EPROM, and 128 
kbytes of EEPROM. It comes in five 
software-compatible versions: full 
military standard air- and conduc­
tion-cooled, ruggedized air- and con­
duction-cooled, and commercial 
grade for low-cost product develop­
ment and prototyping. The full mili­
tary board is priced at $29,480 and 
will be available in the third quarter 
of next year. 

Radstone Technology 
20CraigRd. 
Montvale, NJ 07645 
(800) 368-2738. 
•CIRCLE 699 



Introducing 
one of 

the 
most 

accurate 
multifunction 
synthesizers 

available. 
-
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Not 
counting 
this one. 

CIRCLE 158 FOR US. RESPONSE 

And 
this one. 

Now from Keithley: 
unparalleled accuracy 

times three. 

Using Direct Digital Synthesis, 
Keithley's three new 

multifunction synthesizers 
bring you new levels of 

accuracy. Advanced functions, 
too. And digital synthesis is 

used in all ranges at all times to 
ensure consistent results. 

Get the most accurate, stable 
frequencies possible. Maintain 

phase continuity during 
frequency changes. Precisely 

control amplitude output. Enjoy 
special functions like burst, 

trigger, gating, and more. 

The Model 3910 delivers DDS 
technology for the price of a 

standard function generator. 
Step up to the 3930A and get 

5ppm accuracy, sweep 
capability, and more. Select the 
full-featured 3940 and increase 
your measurement capability 

with the built-in second 
synthesizer. Create your own 

arbitrary waveforms, too. 

Call 1-800-552-1115 for details. 
Read all about one of the most 
accurate, new multifunction 
synthesizers available. Not 
counting this one. And .... 

KEITHLEY INSTRUMENTS 

CIRCLE 159 FOR RESPONSE OUTSIDE THE U.S. 



FUTABA 
Sets the Standards in Custom Vacuum Fluorescent Displays and Vacuum Fluorescent Modules 

CUSTOM DESIGN 

Futaba is the leading global supplier of vacuum fluorescent displays and modules. 
We have the capability, technology , and market knowledge to provide you with 
the most cost effective display system tailored to your specific application. 

Futaba's high brightness fluorescent display products range 
from simple numeric and dot matrix displays to large multi-color 
graphic panels. 

TECHNICAL SUPPORT 

Futaba engineers have a broad range of application experience including 
automotive, point of sale , appliance, medical , and instrumentation products. 
They are ready to assist you in optimizing your display system design. 

U.S. MANUFACTURING 

Futaba's state-of-the-art SMD manufacturing facility in Schaumburg, Illinois 
provides local service, JIT delivery, and reinforces its commitment to supply the 
North American market. 

QUALITY 

Futaba's number one commitment is supplying products having the highest level 
of quality. Quality begins with the initial design and is controlled throughout the 
manufacturing process by using SPC and having well trained and motivated 
employees. 

Futaba is dedicated to the principal of continuous improvement and always strives 
to provide the highest level of customer satisfaction. 

Pick up the phone - take advantage of our superior technical 
background and design expertise. Call or write for more information 
on Futaba custom vacuum fluorescent display modules. 
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Electronic Instrument Panel to JJ CASE Tractors. 

-. - I ,_.t: ,__ ..__ ~ t 
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NCR "S 1" Supplier. 

Appliance Control Display. 

FUT4B4 
'=7 

711 E. State Parkway 
Schaumburg, IL 60173 

708-884-1444 
FAX 708-884-1635 
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CIRCU 

521 AGC GIVES TOP 
TUNING RANGE 

JOHN DUNN 
181 Marion Ave., Merrick, NY 11566. 

This variable frequency oscil­
lator can be tuned from 4 to 
14 MHz using a current-con­
trolled variable inductor 

(Fig. 1). The RF output power deliv­
ered to the load is stabilized by an 
automatic-gain-control (AGC) loop. 
Without the AGC loop, the full tun­
ing range couldn't have been 
achieved. This is illustrated in the 
power versus frequency curves, 
which show the dramatic effect the 
AGC loop has in leveling the output 
power. (Fig. 2). 

51 

Without AGC, the changing LC ra­
tio of the oscillator tank circuit 
causes the RF amplitude to vary so 
much versus frequency that the full 
frequency range can't be achieved. 
However, with AGC feedback ap­
plied to transistor Q1, the transcon­
ductance of the transistor is adjust­
ed automatically to the value that's 
required to produce the desired out­
put level. As a result, the full tuning 
range that's specified for the vari­
able inductor can be properly exploit­
ed.D 

21 t---+--+---+___,r--+--+---+--+-+---t---+--t 

19 r--t--+--t7"1t---f::::::-t----t---t-t---t--t---t 
~ ~ 

17 >---+--+--+---t-+---+~~----+---+--+->---1 
RF output power versus frequency~ 

15 >--+---+--+tor ti1ed bias on 01+---t-....,._-+- +---+--< 

13 ~ 
\l(IJ 

11 r--+--+---+--t-t---t--l--J.-~-\---J.-1---1 

RF output powerversus frequency \ (bl 
r--+--t----+--+--for AGC bias on 01 -+---+--.r---+---1 

1t--+--+---+--t-t---t--l--J.-l--4--l---I 
0 

-1 t--+--+---+--t-t---t--l--J.-1---fl--l---I 

-3 f----+---+-+----+--+--+---+-+--+-H--11---1 

5 
MHz 4 9 10 11 12 

12. WITHOUT THE AGC loop, the 
oscillator's output varies with frequency 
(a). The output is stable with the loop (b). 

13 14 

~-...---e,___,.,,,.__-+-----.---.,__-----------.--<> + 12V RF out 
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2N2857 
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0.001 µF J 10.1 µF 

02 
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0.1 µF 
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03 
2N3866 

10 
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04 
2N3866 

220 
2W 
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0.001 µF 180 

0.1 µF 

0.001 o 1 F 

1 1-
. µ 
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0.01 µF 

-12V 10k 

+12V 

-12V 

0.01 µF 1k 

0.01 µF J 1N914 

~---...-~+12 v 

10k 
----lo---+-< 1k 

33k 

Output level set 

1 1. BY USING A current-controlled variable inductor, this variable frequency oscillator can be tuned from 4 to 14 MHz. The wide tuning 
range is achieved with an automatic-gain-control loop. 
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r ta 3Gllz fromS114s 
lowpass, highpass, 

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

m .,, 
c 
.2 g 
c 
~ 
0 

LOW PASS 

frequency 

HIGH PASS 

"'LL " . c : 
.g : 

~ : : 
~ : : 

freQUeOCV 

BANDPASS 

hOQ..oeney 

NARROWBAND IF 

FREQUENCY 

low pass de to 1200MHz 
PASSBAND, MHz fco, MHz 

(loss<1dB) (loss 3db) 
MODEL 

NO. Min. Norn. 

PLP-10.7 DC-11 14 
PLP-21 .4 DC-22 24.5 
PLP-30 DC-32 35 
PLP-50 DC-48 55 
PLP-70 DC-60 67 
PLP-100 DC-98 108 
PLP-150 DC-140 155 
PLP-200 DC-190 210 
PLP-250 DC-225 250 
PLP-300 DC-270 297 
PLP-450 DC-400 440 
PLP-550 DC-520 570 
PLP-600 DC-580 640 
PLP-750 DC-700 770 
PLP-rocJ DC-720 800 
PLP-850 DC-780 850 
PLP-1000 DC-900 990 
PLP-1200 DC-1000 1200 

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

(loss < 1dB) (loss 3db) 
MODEL 

NO. Min. Min. Norn. 

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

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

FREQ. (loss<tdB) 
MODEL MHz Max. Min. 

NO. FO F1 F2 

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

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. l.L. 1 .5dB max. 
MODEL MHz 

NO. FO F1-F2 

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

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

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

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

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

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

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

band band 
Min. Min. typ. typ. 

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

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

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

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

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

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

VSWA 
F5 F6 F7 F8-F9 Max. 

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

t::1 Mini-Circuits 
P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 

PRICE 
$ 

Qty. 
(1-9) 

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

PRICE 
$ 

Qty. 
(1-9) 

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

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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IDEAS FOR DESIGN 

+15V THE 
Air gap 27 

-HV supply 

1M 
JSµF 

1/2W 

MR918 
l30 Diodes 

20 1 series connected To load 

~.~,. Noninductive 

triggered, two­
electrode air 
gap can switch 
2.4MW. The 
crowbar pulls 
the output 
voltage from 8 
kV to 150Vin 
less than 

= 
2-µS + 15V 

trigger 

1 kV 1/2W 
MR918 

= (1 kV,3A) 

T i-J Magnetics HP44229UG core 
All resistors are carbon composition 
03 • VP0106 
04 • VN0106 

CIRCLE 

522 HVCROWBAR 
SWITCHES 2.4 MW 

DAVE CUTHBERT 
1308 SE 65th Ave., Hillsboro, OR 97123. 

H
igh-voltage crowbars typi­
cally come in four flavors: 
thyratron, ignitron, vacu­
um gap, and air gap. This 

particular circuit is a triggered two­
electrode air gap that can switch -8 
kVat300A(2.4MW)(see the.figure). 
It was designed to crowbar micro­
wave-tube power supplies with ca­
pacitor banks under 5 µF. The crow­
bar pulls the output voltage from -8 
kV to-150 Vin under 2 µs . 

The crowbar consists of a high­
voltage (HV) pulse generator, a cur­
rent-steering diode, and an air gap. 
The first of three identical FET driv-

IIIIE 

ers consists of U IA> U IB• and Q1-4. A 2-
µs positive trigger causes the driver 
stage to pulse 1 A into Q5's gate. Q5 
then switches 45 A through T1's pri­
mary. T1 outputs a 9-kV, 1-A pulse. 
With T1-a's secondaries in series, the 
output is '2:7 kV. The left side of the 
air gap is at-8 kV and the gap is set 
to break down at 15 kV de. When the 
left side of the air gap pulses to +27 
kV, a total of 35 kV is measured 
across the gap and it arcs over in 
about 300 ns. The negative HV sup­
ply now discharges across the air 
gap and through the current-steer­
ing diodes to ground. The voltage 
LECTRONIC DESI 

SEPTEMBER 12, 1991 

2 µs. The 
implementation 
is for a negative 
supply. To 
crowbar a 
positive supply, 
the transformer 
primary 
connections and 
the diode string 
must be re­
versed. 

drop across the air gap and diode 
string is 150 V. 

The transformer secondary wind­
ing is a single layer of # 32 enameled 
wire (75 turns) on a plastic bobbin. 
The core of the pot core is connected 
to one end of the secondary, so it 
must be insulated from ground. The 
primary is wound with three turns of 
30-kV wire. The air gap is construct­
ed with two 114-in. carriage bolts. By 
reversing the transformer primary 
connections and the diode string, the 
crowbar can be used with positive 
power supplies.D 

Send in Your Ideas for Design 

Address your Ideas-for-Design 
submissions to Richard Nass, 
Ideas-for-Design Editor, Elec­
tronic Design, 611Route46 West, 
Hasbrouck Heights, NJ 07604. 

G N 



magine you had a fully 
adjustable TTL delay 
line, accurately •::L?rtt? ,, utmus-ea.-u-.@ ...... q9EiJ 

~~Would that change 
the way you control the 
timing of clock and control 
signals? It would give you 
the flexibility you need to 
get your design in sync with 
today's 33, 40, 50 MHz or 
faster CPUs. It also would 
eliminate the need to stock 
a broad range of fixed full­
scale devices. 

Brooktree's newi:ftdCnl 
was designed with you in 
mind. It's the first CMOS 
digital delay line that's 
adjustable to meet all TTL 
timing requirements. And 
it's packed into a 14-pin 
plastic IRP package. 

Handling small pulse 
width signals as a pereentage 
of the delay ls not a problem 
for the Bt630, nor ls 
specifying leading and 
trailing edge 

deyUl'BCles. 

1:11kRRIUB 
So wc!ve created a $39 demo 
boaJd for just that purpose. 
can to get one. 



AUTO CAD 

lj. Electroni~0~ngineers 
AutoSchema 

• Only $195 
• New Symbol icon browsing 
• Unlimited levels of hierarchy 
• Spice & Susie interfaces 

AutoPCB . 

• Best performance on a P.C. 
• Double sided SMT 
• Real time design rule check 
• Interactive push & shove routing 

AutoHybrid 

• Worlds only P.C. Hybrid system 
• Automatic component synthesis 
• Custom die geometry 
• 0.5 micron resolution 

C4'DISYS 
2099 Gateway Place, 
Suite 400, 

CALL FOR 
CATALOG 
408-441-8800 
EXT 200 

San Jose, CA 95110 
USA 
FAX (408) 441-8300 
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Make 
Tracks. .. 
... to your nearest 
mailbox and send for 
the latest copy of the 
free Consumer 
Information Catalog. 

It lists about 200 free or 
low-cost government 
publications on topics 
like health, nutrition. 
careers. money 
management, and 
federal benefits. Just 
send your name and 
address to: 

Consumer Information 
Center 
Department MT 
Pueblo, Colorado 81009 

US General Servk:eS AdmlnlstraUon 
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523 VOLTAGE REFERENCE 
HAS DUAL POLARITY 

YISHAY NETZER 
Yuvalim 112, Israel 20142; (972) 480-1017. 

Zener diodes need a stable bias 
current to supply optimal per­
formance, particularly preci­
sion-reference diodes. A clas­

sical approach employs a circuit that 
offers a buffered output and self-bi­
asing for the Zener or reference di­
ode that's stable and independent of 
the supply voltages (Fig. 1). The out­
put voltage of this circuit, which is 
given by the equation V z(R2 + R3)/ 

R3, is usually adequate. However, 
two possible shortcomings could de­
velop. First, the output stability de­
pends on resistors R2 and R3. Second, 
because it's based on a positive-feed­
back mechanism, it may latch on a 
negative saturation at power-up. 
This condition would forward-bias 
the Zener diode. Grounding the neg­
ative power-supply connection of the 
op amp can remedy this situation. 
However, the supply might be need­
ed if other op amps share the same 
package. 

An improved circuit is slightly 
more complex but is protected from a 
wrong latch-up by D2 and R4 (Fig. 2). 
This is done without compromising 
the negative-supply connection. Its 

R1 

1. THIS TRADITIONAL circuit 
offers a buffered output and self-biasing 
for the Zener diode, which is stable and 
independent of the supply voltages. 
However, latch-up can occur when split 
supplies are used. 

51k ;! 

1
2. AN IMPROVED circuit uses D2 
and R4 to protect against wrong latch-up. 
Here, the negative-supply connection 
needn't be eliminated. A complementary 
negative output is also available. 

positive output only depends on the 
Zener diode. In addition, a comple­
mentary negative output is sup­
plied.D 

IFD WINNER 
IFD Winner for 
April 25, 1991 

Christopher Gass, Motorola Inc., 
Bipolar IC Div., 2100 East Elliot 
Rd., MD EL340, Tempe, AZ 85284; 
(602) 897-3833. His idea: "Select 
Line Voltages Instantly. " 

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. 
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All It Takes Is The Right Power 

Unitrode Integrated Circuits announces the next generation 
of industry standard current mode PWM's. With 
increased demands on higher density/performance 
power supply designs, consider these 
features of the UC3823A and 
UC3825A family: 

• Adjustable blanking of leading 
edge current noise 

• Trimmed oscillator discharge 
for accurate frequency and 
dead time control 

• Latched over current comparator 
• Full cycle restart after fault 
• Outputs active during UVLO 
• Optional UVLO thresholds 
• MHz+ performance 

We guarantee a continued commitment to uncompromised 
quality. Look to Unitrode Integrated Circuits to provide 

unique solutions for your design needs. For 
more information on the UC3823A and 

UC3825A family, contact your Unitrode 
Representative or call : 

(603)424-2410 
7 Continental Boulevard, Merrimack, NH 03054 FAX (603) 424-3460 

"THE CURRENT MODE PWM LEADER" 

n n INTEBRATED CJ CIRCUITS 

UNITRODE 
CIRCLE 238 FOR U.S. RESPONSE 
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From Conception to 
Realization-
We Have Your Circuit 
Design in Mind 
Let MicroSim Corporation help you achieve your circuit 
engineering goals with our family of CAE packages­
Genesis, Circuit Analysis, and Circuit Synthesis. 

New Schematic Capture Front-End 
Our new Genesis package includes Schematics, a 
versatile schematic capture front-end to our popular 
Circuit Analysis programs, PSpice and Probe. Circuit 
definition is simple and flexible with Schematics' 
graphical circuit and symbol editors. Iterative 
adjustment of PSpice analysis parameters and 
invocation of PSpice simulations is convenient and 
direct through Schematics' pull-down menus and dialog 
boxes. Visual inspection of simulation results is just as 
straightforward since Probe is run directly from 
Schematics. 

Expanded PSpice Back-End 
In-depth examination and processing of PSpice 
simulation results is more powerful than ever with 
Probe's new Performance Analysis and multiple Y axes 
features. Together with Probe's high resolution plotting, 
simultaneous display of analog and digital waveforms, 
and all of the other features that have made Probe so 
popular, the power is at your fingertips. 

Filter Synthesis Made Easy 
Active RC biquad and switched capacitor filters are a 
breeze to design and evaluate with Filter Designer in 
our Circuit Synthesis package. It doesn't stop there! 
Using PSpice and Probe, it is easy to simulate and 
further analyze your filter circuit design. 

For further information on MicroSim Corporation's 
family of products, call toll free at 
(800) 245-3022 or FAX at (714) 455-0554. 

f?J MicroSim Corporation 
Expanding the Standard for Circuit Simulation 
20 Fairbanks • Irvine, California 92718 USA 

Analog and 
digital 
waveforms 
with multiple 
Y axes in 
Probe 

PSpice is a reghtered trJdcmarl of MicroSim Corporation. All other brand!I and product names are trademark~ or registered tradcmark>i of 1heir respecthe holder. 
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MARKET FACTS 
I 

n the wake of evolving technology, the optical drive market 
is changing in a big way. Write-once drives, which have led 
the market in revenues, this year will fall behind rewrita­
ble/multifunction drives, according to Freeman Associates' 

Optical Data Storage Outlook. Drive shipments last year increased 
68% compared with 1989; 1990 revenues increased 34% from 1989, say 
the Santa Barbara, Calif., market researchers. 

The worldwide market for all optical drives should hit $1.5 billion 
for OEMs in 1996, an 18% compounded growth rate from the $593 mil­
lion value of the 1990 markel In 1996, 2.1 million units will ship-1.3 
million CD-ROM drives, 848,000 rewritable and multifunction devices, 
and 28,900 write-once drives. 

IBM and Sony each introduced 3.5-in. rewritable optical drives this 
year. Unit shipments of 3.5-in. drives will eclipse those of 5.25-in. 
drives in 1996 but the drives will lag in revenue throughout the period. 
Rewritable/multifunction drives will increase in terms of units 
shipped from 99,200 last year to 848,400 in 1996, a compound growth 
rate of 43%. Revenues during that period are expected to go from $224 
million to $900 million, or 28% annually. 

On the CD-ROM front, falling prices for hardware, software, and 
replication are widening the market for these drives. Shipments are 
expected to increase 22% a year to 1996; last year 404,000 units were 
sold vs.1.3 million forecast for 1991. Revenue is expected to grow from 
$133 million last year to $229 million in 1996, or about 9% a year. 

T 
he Master IC Cookbook has 
saved designers thousands of 
hours of digging to find specifica­
tions for various !Cs-analog and 

digital. By Clayton L. Hallmark and Delton T. 
Horn, the IC cookbook now has a second edi­
tion. The update has sections on TTL, CMOS 
products, memories, op amps, audio amplifi­
ers, RF amplifiers, and other analog devices. 
The IC cookbook has other information, like 
pinouts, block diagrams, temperature ranges, 
truth tables, schematics, and voltage and cur­
rent ratings. Published by TAB Books, Blue 
Ridge Summit, Pa., the book lists for $22.95. 

CIRCLE 451 

m efense electronics is a procurers' 
market at presenl As a result, 
knowing how the buyer's bureau­
cracy works ls a must for contrac­

tors. Now it's all set out in a book en ti tied De­
fence Electronics-Standards and Qua!-

QUICK REVIEWS 
ity Assurance published in the UK by But­
terworth-Heinemann Ltd of Oxford. Written 
by an Army officer, LL Col. Ray Tricker, its 
378 pages give a detailed guide through laby­
rinthine U.S., European, and NATO military 
quality-assurance procedures, agencies, and 
standards. 

Tricker says, "I wanted to provide a refer­
ence manual that will serve as an engineer's 
and manufacturer's guide to standards and 
organizations involved and to provide an in­
dication of the way ahead-especially with 
respect to the European single market and the 
growth in market potential from ex-Warsaw 
Pact countries." Tricker is currently serving 
in Brussels, Belgium, as chief engineer of the 
NATO ACE COMSEC activity. The book also 
covers the more significant civilian quality 
standards and procedures, and includes a 
complete set of glossaries of terminology, ab­
breviations, signs, symbols and labels. 

Defence Electronics- Standards and 

Quality Assurance has a list price of 
$119US. (ISBN 0-7506-0095-0). Contact But­
terworth Heinemann Ltd., Li nacre House, J or­
dan Hill, Oxford, OX2 8DP England; 44 (0) 
865-310366. CIRCLE 452 

T 
o stay profitable or to expand, 
many U. S. electronics companies 
are expanding overseas. Small 
and medium-size companies rare-

ly have the deep pockets to expand without 
help, however. Enter Inside Washington: 
The International Business Executive's 
Guide to Government Money and Re­
sources by William A. Delphos. The book 
lists relevant programs and gives contact 
names and phone numbers. Appendices give 
local contacts and foreign offices. The 182-
page book has a list price of $24.95 and is 
available from Venture Publishing NA, 600 
New Hampshire Ave. NW, Washington, D.C. 
20037; (202) 337-6300. CIRCLE 469 
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OFFERS YOU 
C A N' T R E F U S E 

F 
or developing real-time applica­
tions in a hurry, MultiTask! execu­
tives give users a full set of stan­
dard system services for most em-

bedded processors. Microprocessors support­
ed include the 680x0, 68HC11, Z80/Z180/ 
64180, 8051, 80x86, JV-Series, 8096/80196, and 
i960. A free information disk is available by 
calling (800) 356-7097 or (503) 641-8446 or 
writing to U. S. Software, 14215 NW Science 
Park Dr~ Portland, OR 97229. CIRCLE 453 

m SP Development Corp. offers an 
evaluation disk of DAPiSP, in­
teractive graphics and data anal­
ysis software for engineers. Mul­

tiple windows can display data or analyses. 
With the program, designers can do fast Fou­
rier transforms, digital filter design, convo­
lutions, and waterfall plots. With DADiSP-
488, engineers can bring data from instru­
ments directly into a program window for 
viewing and analysis. Contact DSP at One 
Kendall Square, Cambridge, MA 02139; (800) 
424-3131; fax (617) 577-8211. CIRCLE 454 

D 
ntelligent building technology is 
picking up steam in Japan. Among 
the developments are systems to 
monitor earthquakes and building 

sway, infrared systems to regulate HV AC, 
lighting, and blinds, and fiber-optic systems 
to send sunlight into windowless offices. For 
a copy of Intelligent Building Technology 
(NISTIR 4546), a report from the National 
Institute of Standards and Technology, send a 
self-addressed mailing label to Arthur Ru­
bin, A313 Building Research Bldg~ NIST, 
Gaithersburg, MD 20899; (301) 975-2762. 

CIRCLE 455 

111
12-page bulletin describes 
Sprague-Goodman Electronics 
line of ceramic dielectric trimmer 
capacitors. Bulletin SG-305C has 

features, specifications, standard rating 
charts, schematic drawings, and application 
notes. Contact Bernice Feller, Sprague-Good­
man Electronics In~ 134 Fulton Ave~ Garden 
City Park, NY 11040-5395; (516) 746-1385; fax 
(516) 7 46-1396. CIRCLE 456 

E!I 
hat You Should Know About 
the Pension Law" explains 
your rights under current law, 
including benefits, payment 

schedules, and protections. The 60-page book­
let, which costs 50 cents, is among a list avail­
able free or for a nominal fee from the gov­
ernment's Consumer Information Center, P.O. 
Box 100, Pueblo, CO 81002. CIRCLE 468 

QUICKLOOK 
BEST SELLERS 

Which technical books are the most 
popular in Silicon Valley? 

0 Art of Electronics, 2nd ed., by Paul 
Horowitz. Cambridge University Press, 1989. 
$49.50 
fl Spice for Electronics Using Pspice by 
Mohammed H. Rashid. Prentice-Hall, 1990. 
$24. 
0 C Language Algon.thms for Digital 
Signal Processing by Paul Embree. 
Prentice-Hall, 1991. $55. 
D Spice Guide to Circuit Simulation by 
Paul Tuinenga. Prentice-Hall, 1988. $23. 
DI Logic Design Principles by Edward 
McCluskey. Prentice-Hall, 1986. $61. 

IBHMQiiij;JiH!j:f91 

0 Inside Macintosh, vol. 6. Apple 
Computer. Addison-Wesley, 1991. $39.95. 
fl Power of Penpoint by Robert Carr. 
Addison-Wesley, 1990. $22.95. 
0 Postscript Language Reference, 2nd 
ed. Adobe Systems. Addison-Wesley, 1990. 
$28.95. 
D Object Orientation Concepts, 
Languages, and Databases by Setrag 
Khoshafian.John Wiley & Sons, 1990. 
$32.95. 
DI Object-oriented Design with 
Applications by Grady Booch. Addison­
Wesley, 1991, $40.50 

This list is compiled for Electronic Design by Stacey's Bookstore, 219 University Ave~ Palo 
Alto, CA 94301; telephone (415) 326-0681; fax number (415) 326-0693. 

... Perspectives 11 TI•e-11-larket 
BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458; fax (408) 253-6085 

m iscovery of new things to do as the Executive Phase pro­
gresses can extend the product's time to market. Tasks 
are often omitted in the planning phase because some individuals lack a clear 
vision of what to expect in the future and are overly optimistic. There is 

generally more work to do than the planners think. As I noted in the Aug. 22 column, 
inexperienced workers tend to be the norm, and wishful thinking suppresses realistic 
thoughts. So it should be expected that most plans, produced without historical data, will 
contain major omissions. 

My experience and data from major applications suggest that the preceding scenario 
holds true. On one program I managed, the KMET chart had the number of tasks grow by a 
factor of two over the program's duration. For this program, the growth in task count 
occurred because I did not have the vision to predict the structural detail of the task net­
work 12 to 16 months into the future. Contributing to my lack of predictive vision was the 
limited vision of the team members who contributed to the plan. They also saw less to do in 
the future than they saw closer to the present. 

Now that I've gone through the predictive process in detail and have coached others in 
doing this type of work, I'm better prepared to deal with this phenomenon. Experience is the 
best teacher. Only by recording task structure of present projects is it possible to create a 
history for future projects and build the experiential elements into the new product devel­
opment team culture. Memories from previous projects and their historical databases 
become a new project's means to view the future. 

Each project/program that follows the time-to-market methodology described in these 
columns leaves behind task data that contains detailed information for use by future 
project teams. Managers and their teams can use the data to become better synthesizers of 
work structures and to make more accurate time estimates. Critical information that can be 
used to reduce time to market can now be transferred to new teams with little training or 
effort. 



QmCKLOOK 
DESIGN TIPS 

MTBF: What does it mean to you? If I say my product has a mean time between 
failure (MTBF) of 100,000 hours, does this mean: 

A. The product will last for 100,000 hours. 
B. The average life of the product is 100,000 hours. 
C. If the product operates for 10,000 hours per year (and has a useful life 

greater than 10,000 hours), there is a 9.05% chance that it will fail the first year. 
What answer did you choose? Or more important, what does your customer 

think MTBF represents? The correct answer is C. However, many people (and 
possibly your customers) think MTBF means the useful life of the product 

MTBF means the failure distribution is exponential and the hazard rate-­
conditional probability of failure during a specific time interval-is constant The 
reciprocal of constant failure rate is commonly referred to as mean time between 
failure. Using the MTBF value and time interval for a specific product, you can cal· 
culate the probability of surviv~ for that product Equation 1 gives the relationship 
for MTBF, time interval, and reliability for an exponential distribution: 

R = 9-"At 

R = probability of survival or reliability 
t = time interval of probability 
A= 1/MTBF 

So, let's play with these numbers. If your customer thinks the product will 
last for 100,000 hours (t) before failing, what would your MTBFhave to be? An­
swer: A. To calculate MTBF, convert equation 1: 

MTBF=~ 
lnR 

With this relationship, if the probability of no failure (R = 100%) before 
100,000 hours, the MBTF would be infinity. So, we'll use a reliability of 99.99%. 
This product's MTBF for a probability of survival of 99.99% in a 100,000-hour 
time interval would be a little less than 1 billion hours. 

Say your customer thinks the product, on the average, will last 100,000 hours 
(answer B). This can translate into a 50"/o probability of surviving in a 100,000 
time interval and the MTBF would have to be a little less than 150,000 hours. 
What is the probability of the product surviving (reliability) for the entire 
100,000 time interval? Using equation 1, the reliability of the product having a 
MTBF of 100,000 hours during a 100,000 time interval would be 36.78%. 

What is the real MTBF of your products? Let's say you manufacture com put· 
er keyboards. The customer tells you the keyboards operate about 8 hours per 
day and that over a one-year period about 500 keyboards per million are 
returned. So, you have one million keyboards, each accumulati&g 2920 hours of 
operation per year for a total operation time of 2.92 billion hours. MTBF is now 
calculated by dividing total operational time by total number of failures dur· 
ing that operational time. For this example, the MTBF is 5.84 million hours. 

MTBF = 2-94 X 109hours = 5.84 X 106hours/failure 
500 failures 

What should you do if your customer does not understand the real meaning of 
MTBF? In the total quality management frenzy sweeping the country, you should 
give customers what they want If your customer expects your p:oduct to operate 
for a specific period of time without failure and your competitors are giving the 
customer products that operate over a specific period of time without failure, you 
should begin adopting useful-life design techniques. 

Many classical reliability prediction tools and demonstration tests won't help a 
manufacturer achieve a useful life of the value of the MTBF figure of merit Adopt­
ing rigorous physics-of-failure approaches to design, combined with analyses and 
tests that identify wearout mechanisms associated with fatigue, help reach useful 
life goals in line with current MTBF misperceptions. 
Michelle Lindsley works with commercial and defense electronic compa­
nies to improve the effectiveness of their reliability programs (206) 481-
7391. She is working on a doctorate in industrial engineering at the 
University of Washington, Seattle. 

DRAM SURVEY 

WHEN DO YOU DETERMINE 
DRAM SPECS? 

Early 
plan. 

Late 
plan. 

Early 
dev. 

Late 
dev. 

Oo/o in 
test 
& 

prod. 

Early 
plan. 

Late 
plan. 

Early 
dev. 

Late 
dev. 

Early 
test 

Late 
test 

43.2% 

43.2°/o 

1--~-..~~-.-~~....-~--.~~-,...~~~ 

0% 10% 20% 30% 40% 50% 60% 

WHEN DO YOU PICK A 
DRAM SUPPLIER? 

37.8% 

Early 
prod. 

Late 
prod. 

0% 10% 20% 30% 40% 50% 60% 

Source: a survey of Electronic Design readers by Penton Publishing Inc. 

Percen!ages total more than 1 00% because readers gave 
multiple answers. 

DID YOU KNOW ? 

... that an estimated 69.2 million video displays are in use in 
the U.S. today; 55.7 million are monitors attached to PCs in 
monochrome or color graphics format By 1997, more than half 
of all workers will use a VDT on the job. 
International Data Corp~ U. S. Department of Labor 



The co etition 
• 
~~US ruthless. 

Youcan us 
at 1-800-234-

It's enough to make other VME board to pay for somebody else's board. And it's 
builders call us names. Or call it quits. A just $200/MIPS for the CISC board. 
new 23 MIPS VME single board computer The MVME187 (RISC) and MVME167 
based on the 88100 RISC microprocessor. ( CISC) boards employ VME D64 architec-
Or a new 20 MIPS VME board based on ture. And both come with four 32~,I,. =-
the 68040 CISC microprocessor. bit timers. ~F 

Both are built by Motorola and For a free color brochure, r.AW3rd 

offered at $3,995 each. That's just $174/MIPS call the 800 number above. And • 
for the RISC board, which compares nicely see why the competition undoubtedly 
with the $1,000/MIPS you've been asked wishes we'd call the whole thing off. 

@ MOTOROLA 
Computer Group 

Motorola and the are registered trademarks of Motorola , Inc. ©1991 Motorola. All rights reseroed. 

CIRCLE 292 FOR U.S. RESPONSE CIRCLE 293 FOR RESPONSE OUTSIDE THE lLS. 



PEASE 
PORRIDGE 

WHAT' s ALL THIS 
MATHEMATICS STUFF, 
ANYHOW? 

analysis tells you which components 
will be attenuated. 

Well, I was astonished. You mean to 
tell me that Fourier analysis was good 
for something?? Why didn't they say 
so back in Freshman math? Nobody 
ever indicated that Fourier analysis 
was useful. As I got further and fur­
ther into E.E., I found that a whole 
bunch of the mathematical techniques 
we had been taught were, indeed, ac­
tually good for something. These 

W
hen I was at MIT, the evaluatedatlandat 00• That works out mathematical techniques had been in­
math instructors had to barely 3.14 cubic feet of paint, or vented to help solve a problem, and 
some famous problems. about 23-1/2 gallons-definitely a fi- theywerepresentedbecausetheyhad 
They were all about nite number for (b). the potential for being useful, even if 

somemythicalpersoncalledLittleEg- Hey, there's a neat paradox. Little theyforgottotellusstudents.So,math 
bert, and all of the interesting mathe- Egbert can paint the inside of his is a very useful science-the hand­
matical things that happened to him. horn-but he can't paint the outside. maiden of the sciences, as they used to 
I've been intending to find some What'sthemathtryingtotellus?Well, say-and sure enough, math is still 
more Little Egbert problems, and I at any time, thinking is permitted useful every day. Some people say, 
even intended to ask some guys (evenifnotrequired). Ifyouhadahorn why learn math or geometry or calcu­
when I was at a class reunion this with a diameter of even 1 micro-inch, lus or algebra if it's something you will 
summer. But I guess I didn't ask the or a thousandth of a micro-inch, you never need? Of course, in some parts 
right people. Still, I remember one would still have to wrap two or three of the world, you do need math every 
problem very well: molecules of paint around this very day. Howwillyouknowifyou will need 

Little Egbert got a horn for Christ- thin shaft, to say that you had painted it if you never try it? If you have the 
mas, and the shape of the horn was a it. Then ifthe thin end of the horn goes aptitude, it may indeed turn out to be 
radius ofr = (1/x) feet, from x = 1 to"°· on forever, an infinite amount of paint very useful. 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
I 1961 AND IS 
STAFF 
SCIENTIST AT 

ATIONAL 
SEMICONDUCT­
OR CORP ., 
SANTA CLARA, 
CALIF. 

Egbert decided he will be needed to try and cover it. Con- Now, what's all this "math aptitude" 
wantedtopainthis versely,bythetimethediameterofthe stuff, anyhow? Well, I've taken a 
horn. (a) He de- horn gets down to a small fraction of 1 bunch of aptitude tests, and it won't 
cided to compute milli-inch, a molecule of paint will surprise you to hear that I get high 
the area of the out- refuse to go any further down inside scores in several kinds of math apti­
side of the horn, so theverynarrowpassage.Atthispoint, tudes. I took tests with the Johnson 
he would know you know that only a finite amount of O'Connor Research Foundation (with 
how much paint to paint will be needed to fill it up. So, Lit- offices in 12 major cities)* and they 
buy. Then, (b) he tle Egbert can paint the inside of his foundl'mgoodatNumberReasoning, 
decided to com- horn by filling it up, even though it Accounting Aptitude, Analytical Rea­
pute the volume of would be impossible to paint the out- soning, Number Memory, and Struc­
the inside of the side of the horn. You can philosophize tural Visualization. Now, when I took 
horn, so he would about the math, or you can philoso- these tests, I already suspected I was 
know how much phizeaboutthepaint.Eitherway,the good at these things, because I sure 
paint to buy for answermakessomesense. didn'tgetthroughMITbybeingultra­
that. WhatdidLit- When I was a freshman at MIT, I intelligent. I got through because I 
tie Egbert decide? took the standard class-was it was good at taking tests, and at ma-

Ifyou do your in- M21 ?-on Fourier analysis. I did all of nipulating the data to get reasonable 
tegration, the first the problems; I passed the tests. Then answers. I went to take the aptitude 
answer is the inte- I went on to more classes in math and tests because I was curious why I was 
gral of2 7t (1/x) dx, physics. Years later, when I was trans- having so much fun taking tests, and 
from 1 to"°· That's ferring into Electrical Engineering, the aptitude tests confirmed my sus­
the natural log of x, the instructors showed you how to pre- picions. Not everybody has good math 

and the natural log of oo is still"°· So, diet what would happen if you tried to aptitudes. Only a small fraction of 
(a) would take an infinite amount of shove a broadband signal into a wire or women have as good "Structural Vi­
paint. cable that did not have infinite band- sualization" scores as 1/4 of the men do. 

But if you integrate to get the vol- width.Howdoyoucomputewhatkind Butthebestwomenarejustasgoodas 
ume of the horn, that's the integral of of modified, filtered, attenuated signal the best men. Both of my sons have 
pi (1/x2) dx, which works out to-7t (1/x), comes out at the far end? Why, Fourier taken these aptitude tests, and both 
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PEASE 
PORRIDGE 

score very high on Structural Visual­
ization. But one son has low scores for 
other kinds of math aptitudes, which 
means he is great at geometry, but 
lousy at algebra and calculus (which we 
already knew ... ). 

I still do lots of math in my head, or 
on a slip of paper. I rarely use my cal­
culator-maybe once a week, and I use 
my slide rule about as often. For ex­
ample, I used my slide rule to get the 
23.5 gallons of paint. There's no point 
in knowing if it was 23.4875 or any 
other number, because there are still 
cases where "engineering accuracy" 
of a percent or so is quite adequate. 
The rest of the time, I just do the math 
in my head, or on paper. But I do use 
a digital calculator to do my taxes; I 
stopped using my slide rule for that. 
I figure it would be hard to explain a 
few bucks of round-off error to the 
IRS guys .... 

For example, the other day, a friend 
of mine wanted to know how big her old 
aquarium was, as she was draining it 
to transfer the fish to a new tank. I took 
a piece of graph paper and measured 
out the number of inches in each di­
mension. I did some quick-and-dirty 
multiplication, and then used long di­
vision to divide by 231, which is the 
number of cubic inches in a gallon. I 
told her about 30 gallons. Another guy 
got a foot ruler, and used his calculator 
to multiply the number of cubic feet by 
62.4,toconvertthecubicfeetintopounds, 
and divided by 16, the number of pounds 
in a gallon. He got 16.18gallons. Myfriend 
found this amusing, as she had already 
removed 18 gallons of water and had a 
good bit more to go. Of course, as we re­
constructed the scene of the crime, we re­
alized that there are about 8 pounds in a 
gallon, not 16, so the answer of 30 or 32 
was indeed about right. 

Still, when I interview a prospective 

cause he's liable to waste a lot of time 
on wild-goose chases. 

These days, Spice is supposed to 
help us on our circuit analysis, and 
when it does, that's nice. But many cir­
cuits don't need the full precision and 
power of Spice to give a suitable an­
swer. Sometimes a good rule-of­
thumb answer is just right. Then you 
can use that as a sanity check, to con­
firm that Spice is performing a rea­
sonable computation, and that nobody 
mistyped anything. 

When I was in the 7th grade, I got in 
some squabble with the math teacher. 
He "won" the argument. So he forced 
me to stay after class to memorize the 
square roots of all the digits from 1 to 
10. What a horrible punishment!! I tdid 
take me a little time to get them mem­
orized correctly-and to this day, 
they're awfully useful (with the ex­
ception of the square root of 7, which 
really does not get used once in a 
decade .... ). I mean, the square root of2 
and of 10 are used all the time in engi­
neering. And the square root of3 tells 
you about the side of a 30/60/90-degree 
triangle. And the square root of 5, 
about 2.236, is the voltage you see on 
your ac voltmeter when you add 1 V 
and 2 V of noise. 

Come to think of it, I don't recall that 
he ever forced any other kids to memo­
rize square roots. I remember a couple 
of kids who had good music aptitudes, 
and he set them the "punishment" of 
learning "Stella by Starlight," which he 
said was his favorite song. I bet they re­
member that, to this day, too!! I don't 
think I gave him much credit, at the 
time, for beinga very bright fellow. But, 
maybeloughttoadmitthatMr.Holmes 
was a pretty smart cookie, after all. 
Please, Bre'r Fox, don't throw me in the 
briar patch .... 

engineer, I try to find out ifhe has any All for now. I Comments invited! I 
aptitude for math, and ifhe is rusty or RAP I Robert A. Pease I Engineer 
on his toes. I wouldn't refuse to hire 
a guy who used a calculator to get the 
right answer, but it had better not 
slow him down. Math is a tool, and if 
we're prepared to use it with skill and 
ease, it leaves us more time to work 
on the serious aspects of our project. 

Address: 
Mail Stop C2500A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

If a guy tells me he plans to double a *Call Johnson O'Connor Research 
resistor so he can get more current Foundation, (415) 243-8074 for more 
through it, it makes me suspicious be- information. 
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Introducing DrawingMaster Plus 
406 x 406 dpi 

DirectWrite premium 
paper and.film are ---­
"archive" quality. 

Integral multiplexer 
connects up to 4 PCs, 
workstations or -
mainframes 

rl 
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Awarded 
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"Highly Recommended" 
rating by CADalyst 
Magazine for "screaming hot" 

throughput 

DrawingMaster® Plus is hot to plot. 
In fact, it was specifically designed 

to run with the fastest CAD systems ­
takingjust minutes to do jobs that take 
pen plotters hours. 

And high throughput doesn't mean 
low resolution. At 406 X 406 dpi, you 
get exceptionally clean lines that rival 
laser and electrostatic plotters. 

For fast checkplots, select 
QuikPlot® mode and cut plotting 
time almost in half. 

While DrawingMaster Plus is hot, 
complicated it's not. 

There are no pens, no toner and no 
chemicals involved. You simply load 
a roll of paper or film and plot- more 
than 50 E-sized plots completely 
unattended. 

DrawingMaster Plus is exception­
ally reliable too. Plus it's backed by a 
standard one year on-site warranty. 

And no other 406 dpi plotter comes 
close to DrawingMaster Plus in price. 

- 4 

No toner, ribbons, pens 
or chemicals. 

- Automatic Media Cutter 

- One or two color output. 

High contrast plots 
- ideal for diazo or photo 

reproduction 

Warming up to our new hot plotter? 
For more information, call us at 
800-CALCOMP today. In Canada, 
416-635-9010. Or write: CalComp, 
PO. Box 3250, Anaheim, CA 92803. 

\\edrawon 
your imagination:· 

weUCa/Comp 
A Lockheed Company 

DrawingMaster, QuikPlot, DirectWrite and We draw on your imagination are trademarks or registered trademarks of CalComp Inc. 
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ATTENTION 
ENGINEERING EXECUTIVES, 

PROJECT MANAGERS 
AND 

DESIGN ENGINEERS: 
This November there is only one place to 

evaluate the competitive advantages of 
programmable logic, ASICs, memories, DSPs, 

discrete devices, A to D convertors, analog 
and digital ICs and other semiconductor devices 

from a wide variety of vendors: 

The Semiconductor Show at WESCON. 
And only one place to evaluate the competitive 

advantages of PC-based EDA tools from leading 
manufacturers: 

The EDA Show at WESCON. 
Don't miss this once-a-year opportunity to see the 
latest advances in semiconductors and EDA tools, 
as well as test and measurement instruments, pas­
sive components, production materials and sup­
plies, and engineering services. At the largest event 
for senior executives, project leaders, and electron­
ics engineers: 

Wescon~ 

November 19-21, 1991 
Moscone Convention Center 

San Francisco, Calif. USA 

Those who know, go. For a preview program 
with a complete exhibitor list, technical confer­

ence schedule, short course synopsis, and special 
event itinerary, call 1-800-877-2668 or complete 

the coupon below and fax or mail today. 

.. 'X - -r--------------------------------------1 
D Send me more information about attending WESCON/91 
D Send me more information about exhibiting at WESCON/91 

Name ____________ Title _______ Company __________ _ 

Address __________________________________ _ 

City __________________ State __________ .Zip _____ _ 

Fax: 213-641-5117 Mail : WESCON Preview, 8110 Airport Blvd ., Los Angeles, CA 90045-3194 ED 
l_ _____________________________________ J 
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PRODUCT INNOVATION 

HARDWARE ELIMINATES BOTTLENECK ASSOCIATED 
WITH LASER PRINTERS To PUMP OuT 7500+ CPS. 

ASIC PUSHES LASER 
PRINTER TO ITS LIMIT 

RICHARD NASS 

igher performance at a lower cost is the catch-phrase of the 
electronics industry. With that concept in mind, laser-print­
er manufacturers have migrated to RISC processors rather 
than their CISC counterparts. At some point, however, per­
formance overkill can set in. The hardware can only run as 
fast as the software will allow. For instance, although print­

er engines are rated at a particular speed, the printer rarely runs at that 
speed because of the software bottleneck. This is where RIDA (Raster Im­
age Device Accelerator), from Destiny Technology Corp. comes into play. 
Not only can RIDA, an ASIC, let the printer run at its rated engine speed, it 
can also support a much faster engine. 

Destiny wanted to address several areas when designing RIDA, including 
the acceleration of outline fonts, line-art graphics, and half-tone images. The 
software is processor-independent and highly modular, allowing designers 
to integrate RIDA into existing controllers and motherboards quickly. Desti­
ny tried to eliminate the boundaries typically associated with traditional la­
ser printers. For example, the company created characters with a 1000-point 
size maximum. Moreover, RIDA supports even-odd and nonzero winding 

Control points w. 
1. Cllrve generation 2. Scale 3. Hint 4. Scan conversion 

5. Dropout compensation 6. Fill 7. Paint 

11. WHEN PRODUCING AN OUTLINE FONT, RIDA first assigns control points to an 
image or character, then scales the character. Hinting minimizes the distortion. Scan conversion 
followed by dropout compensation fills in any inadvertent gaps. The last steps include filling in the 
outline and painting the character to the frame buffer. 
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ing printer. In this 
case, the car­
tridge would com­
mand complete 
control of an Hew­
lett-Packard La­
serJet-type print­
er. After initial­
ization, the print­
er's firmware 
detects whether 

the performance is improved. 

there's a com­
~~~~~~~~~~~~~~~~~~~~--' mand program 

1
2. THE TIP of the smiling face is constructed of three stored in the car-

Simulation results show that the 
ASIC offers an outline font genera­
tion of better than 7500 characters/ 
s. This translates to 3-3/ 4 full text 
pages/s, regardless of the font type 
being implemented. The number of 
characters/s can be determined by 
multiplying the number of charac­
ters produced in a cycle by the num­
ber of cycles/s. The number of char­
acters produced in a cycle can be ap­
proximated because the algorithm's 
run time is measurable. 

parts-two rectangles and a circle. One step is saved when RIDA tridge. If so, then With RIDA's universal font ren­
dering, display or hard-copy devices 
can handle any of the standard fonts 
used by application programs. The 
universal font rendering also adds a 
proprietary font hinting with drop­
out compensation and y-alignment. 
Dropout compensation enables high­
quality outline fonts to be printed or 
displayed without any performance 
degradation. This feature is also re­
sponsible for true rendering of J apa­
nese Kanji characters and other non­
Roman fonts. 

determines that the rectangles are identical. It simply makes a the printer allows 
copy of one and slides it into the correct position. the cartridge to 

fills, as well as Type 1, Intellifont, 
Bullet, TrueType, and Speedo font 
formats. 

RIDA can be applied in a hard­
copy controller, a cartridge, a graph­
ics adapter, or on a system board. Be­
cause it consists of just one chip, it 
easily fits onto almost any mother­
board. As a hard-copy controller, it 
offers fast page composition, even at 
resolutions above 300 by 300 dots/in. 
It also offers universal font render­
ing. To employ RIDA as a printer 
controller, the hardware redesign is 
fairly simple. All that's needed is to 
ensure that RIDA has access to the 
bus and the single-character cache 
memory where the bit-mapped char­
acters are stored. 

Incorporating RIDA into a display 
application requires a modification 
to both the system hardware and 
software. Because RIDA is accessed 
through the host bus, an existing 
board design can be modified by add­
ing a daughtercard containing 
RIDA. This card would be plugged 
into a connector that has access to 
the host bus. 

The software driving the output 
device and generating the raster im­
age must be modified to recognize 
the presence of RIDA and to send 
function calls to RIDA instead of ex­
ecuting the slower software mod­
ules contained within the system's 
existing software. This procedure is 
similar to the way a math coproces­
sor is accessed. 

When used in a cartridge, RIDA 
can upgrade and accelerate an exist­
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take over by pass­
ing control over to the cartridge's 
firmware. 

When employed as a graphics 
adapter, RIDA supplies a 
WYSIWYG (what you see is what 
you get) display, as well as scrolling 
and screen repaints for font-inten­
sive applications, such as desktop 
publishing. In the still-unreleased 
Windows 3.1, TrueType is included, 
giving users scalable outline fonts 
for both the display and printer. 
TrueType is Microsoft's and Apple's 
scalable outline-font rendering tech­
nology-it's included in Apple's re­
cent System 7.0 release. If placed di­
rectly on a system's motherboard, 
RIDA can act as a controller for both 
the printer and the display to acceler­
ate both outputs. Destiny says that 
today's controllers offer a near­
WYSIWYG display, but not an exact 
representation, as RIDA does. 

No MATCH 

ACCELERATION METHODS 
Destiny defines three different 

methods of graphics-object accelera­
tion-outline font, line-art graphics, 
and half-toned images. The first step 
in producing an outline font is to gen­
erate the control points (Fig. 1). For a 
Roman character, there are typically 
20 to 50 control points defining the 
character. For a Kanji symbol, there 
could be up to 250 points. Any three 
or four points could constitute a 
third-order curve. A mathematical 
equation defining the curve is gener­

Destiny claims that no current ated by calculating the curve be­
controller can match RID A's capa- tween the points. 
bility. "People have tried hardware There may be some inconsistency 
implementations before, but we've in terms of accuracy between the 
learned that it really requires a soft- original source information and how 
ware-based solution," says David the system defines that information. 
Larrimore, director of marketing at Some distortions are created during 
Destiny. RIDA doesn't replace the the mapping process because of ac­
printer's software; it's simply added curacy loss. The hinting process min­
on top of the existing software. This imizes the distortions that occur 
would seem to make the printer more when mapping the high-resolution 
expensive, but actually the opposite information to a lower resolution. 
is true. With RIDA, a lower-perfor- Quite often, gaps are formed when a 
mance and less-expensive processor pixel is turned off because less than 
can be used, more than offsetting RI- 50% of the pixel is being used. RID A 
DA's price. And, at the same time, has built-in dropout compensation 
LECTRONIC DESIGN 
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Maybe youte throwing the wrong things 
at your develop01ent proble01s. 

You're looking at a fairly more efficiently with high-
common approach to performance, integrated 
solving sticky development 
embedded design ,...... Emulator systems. 
problems. un11er. ~~=-· With our tools 

Loader, 

Hurling more Librari•• Anembler and support, your 
money and engi- - Compiler project's cost is 
neers may have compiler DelluQpr more manageable. 

YuurW-
worked on smaller- 0

•bugue• c.stomerSupporl Your design team 
Your- -

scale projects. But Mism£1tched, nonintegrated is more produc-
it often falls short developmenttoa/scan throwoffa tive. And the end 

design teams efforts in no time. 

of the mark with product is more of 
today's more complex 16- what you envisioned from 
and 32-bit designs. the beginning. 

At Applied Microsystems, This may all sound too 
we're helping software and good to be true, but Applied 
hardware teams develop Microsystems has the solu-
better embedded systems tions and experience to 

make it real. Witness 
the fact that we've set 
up over 15,000 
development 
systems worldwide. 

To learn more, call us for 
details or free literature at 
1-800-343-3659 (in WA, 
206-882-2000). 

We'd like to throw a few 
solutions your way. 
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Applied 
Microsystems 
Corporation 
Where it all comes together. 

In the U.S. and Canada, call l -800-343-3659 (in Washington, 206-882-20()()). Or contact Applied Microsystems Corporation, P.O. Box 97002, Redmond, WA 98073-9702 USA.For the name of your nearest distributor lo Europe. call 
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tact Applied MicrosySlems )apan. Lld., Nihon Seimei, Nishi-Goonda Building, 7-24-5 Nishi-Gotanda , Shinagawa-KU, Tokyo T141, japan. C l9')1 Applied MicrosySlems C<xporation. All rights reserved. Ocher names indicated by TM and ~are 
registered 1rademarks of their respective holders. AMC-42. 
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Smallest 
repeated 
pattern 

LASER· PRINTER 
ACCELERATOR 

Smallest 
repealed 
pattern 

(with offset) 

(Samples) 

I 3. IN THE HALF-TONE IMAGE ACCELERATION' a pattern is first created. RIDA takes the smallest repeated pattern and 
creates a mask. The pattern is written through the mask and sent to the frame memory. 

that fills these gaps. The outline font 
is then filled and converted to 300 
dots/in. so it can be handled by the 
print engine. 

The second type of acceleration 
can best be seen using an example of 
a smiling face (Fig. 2). Here, the tip 
of the mouth (the stroke) is a large 
area consisting of many pixels. The 
stroke now has length and width, as 
well as an interior pattern, not neces­
sarily solid black. Each stroke is an 
independent graphic object with 
length and width. To construct the 
tip of the mouth, three components 
are constructed-the two rectan­
gles, and the circle that joins them. 
But the three components are made 
up of two strokes because RIDA 
identifies that the two rectangles are 
identical. The first rectangle is cop­
ied and simply slid into the correct 
position. 

The half-tone process consists of 
three elements (Fig. 3) . A pattern (or 
colors for a color printer) is generat­

II1f) E 

ed to simulate the gray scales. RIDA 
uses the smallest repeated pattern­
using the smallest area reduces the 
amount of memory needed. Then, 
the area that the pattern will be writ­
ten to is determined, creating a mask 
or stencil. The final step is the writ­
ing process. The pattern is written 
through the mask and sent to the 
frame memory. Typically, the pat­
tern generation is general-purpose 
computation that's handled for each 
individual macro pixel by the print­
er's main CPU. But the mask is han­
dled very efficiently by RIDA. 

Destiny says that better than 80% 
of the laser printers sold today get 
shipped to the U.S., rather than stay­
ing in Japan where they're manufac­
tured. This is because the Kanji char­
acters are very difficult to produce. 
Thus, the laser printers that are 
available in Japan run extremely 
slowly when printing the Kanji char­
acters. Destiny feels that RIDA will 
open the door to the Japanese laser-

L EC TRON IC DES 
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printer market. D 

P RICE AND A VAILABILTY 
Printers implementing RIDA technology 
will probably start to emerge around June 
of next year, although RIDA will be dem­
onstrated at this year's Comdex/Fall '91 
in October. RIDA may make an appear­
ance in the first quarter of next year in 
cartridge form. The RIDA f amily will 
eventually consist of three members. The 
first member, available in the third quar­
ter, will focus on the outline fonts, because 
that's presently the slowest part of the 
printing process. It'll be housed in a 144-
pin quad flat pack and sell f or $35 each. 
The second release, planned for the second 
quarter of next year, will accelerate all ele­
ments of the printing process equally. And 
the third chip, due out by the third quarter 
of 1992, will enhance the half-tone image 
acceleration. 

Destiny Technology Corp., 300 Mon ta­
gue Expwy., Suite 150, Milpi tas, CA 95035; 
(408) 262-9400. CIRCLE 512 
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PRODUCT INNOVATION 

BUILD MIXED-SIGNAL ASICS 
WITHOUT ANALOG CELLS 

A SUITE OF CAE 
TOOLS HELPS 
DIGITAL 
DESIGNERS 
CREATE MIXED­
SI G N AL ASI Cs 
SPORTING 0N­
CHIP TEST 0F 
ANALOG 
CIRCUITS. 

FRANK GOODENOUGH 

oday, system design­
ers aren't taking ad­
vantage of mixed-sig­
nal ASICs for several 
interrelated reasons. 
At the top of the list, of 
course, sits the spe­

cialized nature of the analog world, 
where each new system requires its 
own unique circuits. No matter how 
"well characterized" an analog de­
sign may be, a designer working 
with a standard-cell analog library 
may call for a cou-
ple of cells that just 
happen to need 
some minor modifi­
cations. Worse yet, 
some required ana­
log cells may not 
exist in that library. 

The well-publi­
cized shortage of 
skilled analog de­
signers and the for-
midable task of 
testing mixed-sig­
nal ICs compounds 
this problem. For 
instance, a modern 
100,000-gate digital 
IC truly represents 
a test engineer's 
nightmare. Adding 
op amps, compara­
tors, and data con­
verters to such a 
chip, to interact 

Customer site 

Chip specification 

Analog Model 
Builder IAMB) 

Schematic capture 

Design Critiquer 

Mixed-signal 
pre· layout 
simulation 

magnitude. 
Now, Gould AMI, a company with 

early-on experience in mixed-signal 
ASICs (it designed its first mixed­
signal ASIC in 1977), has created a 
combination of software and silicon 
called the MSDS (Mixed-Signal De­
sign Solution). MSDS lets a system 
designer, even a novice lacking ana­
log expertise, create a high- perfor­
mance mixed-signal CMOS ASIC. 
Gould AMI adds on-chip testability 
prior to layout. 

The goal of AMI's MSDS develop­
ers was twofold. First, drive the 
mixed-signal design process "down 
the digital path." System designers 
can do this by incorporating custom 

Layout 
photo tab 
assembly 

Gould AMI 

Parameterized 
Analog Building 
Block Generator 

(PABBG) 

Proto~pes 

Test 
program 

"MSTEST" 

with the chip's 
RAM, ROM, logic, 
and ALU, exacer­
bates the already 
tough testing task 
several orders-of- 1

1. BEHAVIORAL MODELS OF functional blocks 
are created by Gould AMI's mixed-signal ASIC design system at 
the customer's site, with a software tool called the Analog­
Model Builder. Thus, the company doesn't need to offer a large 
library of analog cells. 
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Pad 
Teslata ill 

Test in bas 

MIXED-SIGNAL ASICs 
WITHOUT ANALOG CELLS 

Pad 

Test eat 

ware at Gould AMI in Poca­
tello, Idaho. The circuits cre­
ated by the generator re­
place new cells for a library. 
The PABBG creates both 
the capture symbol and the 
BLM for the customer-de­
fined functions . The AMB, 
in addition, creates the per­
formance parameters used 
by AMI's test software in 
Idaho (known as MSTEST), 
to create test programs for 
the future mixed-signal I Cs. 

The rapidly growing list 
of analog functions support­
ed by the AMB includes: 
• Elliptic, Bessel and But­
terworth filters. 
• Pierce-type crystal and 
RC oscillators. 
• A bandgap reference. 

12. ANALOG MULTIPLEXERS permit the isolation and testing of a chip's individual analog 
circuits, like the filter, peak detector, or analog-to-digital converter. The multiplexers are added to a 
customer-designed mixed-signal ASIC by Gould AM I's designers. 

• Inverting and noninvert­
ing gain stages (that can in­
clude a chopper-stabilized 
op amp). 
• A shunt-type voltage reg­
ulator. 

analog functions into their designs, 
and letting them simulate those 
functions to ensure that they work 
as specified. Second, keep both time­
to-market and development costs 
equivalent to those of complex all­
digital ASICs. 

MSDS represents a suite of soft­
ware, most of it developed by Gould 
AMI. Some of the software is meant 
for workstations concurrently at 
customer sites, and the remainder at 
AMI. Because it involves almost con­
tinuous interaction between the user 
and AMI, it's best described with the 
aid of a flow chart that defines both 
the customer's tasks and AMI's 
tasks (Fig. 1). 

After creating the chip's specifica­
tions, the system designer sits down 
at an Apollo workstation equipped 
with MSDS and calls up the Analog 
Model Builder (AMB). With this 
AMI-developed tool, the designer 
captures the analog performance re­
quirements and the cell specifica­
tions. These include such character­
istics as slew rate, offset voltage, 
output voltage and current, and 
bandwidth, for various analog func-
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• A comparator. 
tions or subcircuits. The AMB ac- • An 8-bit resistive DAC. 
cepts two types of specifications: • An 8-bit ADC (using the DAC and 
those for analog blocks that already successive approximation). 
exist in AMI's configurable cell li- • A sampling amplifier. 
brary, and those for the customer- • A peak detector. 
defined functions not in the library. • An analog switch. 
The AMB software includes another • A buffered analog multiplexer. 
proprietary tool called the Specifica- • A buffered input pad. 
tion Advisor. It tells the designer • A variable-drive output buffer. 
whether the specifications for each After grabbing the schematic with 
analog cell they need can or can't be a standard capture tool from Mentor 
realized in silicon. The tool also pro- Graphics Corp., Beaverton, Ore., the 
vides an estimate of each cell's sili- user examines his design with anoth­
con area, the total of which repre- er AMI tool, the Design Critiquer. 
sents a rough estimate of produc- This neat expert system reviews the 
tion-IC cost. mixed-signal ASIC's database, look-

For existing analog cells, the AMB ing for combinations of functional 
puts out a behavioral level model blocks that can create flaws in the 
(BLM) with the user's cell specifica- design. 
tions inserted, plus a schematic-cap- Once the Critiquer finishes its 
ture symbol that has properties (cir- analysis, the mixed-signal ASIC is 
cuit characteristics) attached. With ready for simulation. AMI chose the 
the model and its specifications, the mixed-signal simulator Saber CA­
AMB creates the analog/ digital data DAT, developed jointly by Analogy 
base for circuit simulation later. The Inc., Beaverton, Ore., and Racal-Re­
AMB also takes the data for the cus- dac, Westford, Mass., to do that job 
tomer-defined functions and creates for the MSDS. Well-known today as 
data sheets and specification files a mixed-signal simulator, it handles 
for the Parameterized Analog Build- feedback loops that include both ana­
ing Block Generator (PABBG) soft- log and digital elements, operating 
LECTRONIC DESIGN 
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at levels from device through behav­
ioral to HDL. In addition, it can han­
dle a complete system, including 
non-electronic devices like motors, 
and thus aid in partitioning the sys­
tem and its simulation. When the 
user is satisfied that the future chip 
will work as specified, the database 
and simulation files serve as the in­
put for physical chip design (layout, 
photo-fab and assembly), and 
MSTEST circuit and program gener­
ation, respectively, at AMI (Fig. 1, 
again). 

Invisible to the user, a suite of 
software called Application Tool In­
terfaces (ATis) simplify the user's 
task. They generate all of the infor­
mation needed to run a tool, eliminat­
ing extensive customer training as 
well as continual reference to man­
uals and memorization of complex 
commands and syntax. 

Incorporating on-chip circuitry to 
test the mixed-signal analog circuits 
in a customer-designed ASIC repre­
sents true innovation. Using the in­
puts from the customer's database, 
AMI designers added CMOS analog 
multiplexers to the circuit (Fig. 2). 
Circuit nodes that must be stimulat­
ed and/ or provide the results of stim­
ulation, as well as the bus controlling 
the mutiplexers, are connected to 
test pads on the chip. At the wafer­
probe stage, each circuit block can be 
checked separately. Some or all of 
the pads can be brought out to pins 
for testing after packaging. 

Following the simple circuit 
shown, during chip operation, the 
signal flows from the pad labeled 
"In" (lower left), through the test 
multiplexer to the filter, through an­
other multiplexer to a peak detector, 
through another multiplexer to an 
analog-to-digital converter, and then 
to a set of output pads (Fig. 2, 
again). However, during testing, 
stimulation is applied to the input 
pad, and through the multiplexer to 
the filter. The filter's output multi­
plexer connects the filter to the 
'.'test-out bus" and through a buffer 
op amp to a test-out pad (lower 
right). As a result, the filter's re­
sponse is measured. If it's okay, the 
filter's output is reconnected to the 
peak detector and its output is con-

E L E 

MIXED-SIGNAL ASICs 
WITHOUT ANALOG CELLS 

nected to the test-out bus, instead of 
the ADC. Finally, the whole circuit is 
tested. 

Such a sequence of events is ideal 
when looking at prototypes. In fact, 
because the test circuitry increases 
the silicon area by 8 to 10%, once a 
designer is satisfied with the proto­
types, some or all of the test circuits 
can be deleted, if financially feasible, 
because the signal flows from the in­
put pad to the converter in produc­
tion. However, if a number of chips 
showed up later with similar bugs, 
the multiplexers make troubleshoot­
ing easy. 

AMI's MSDS is available for virtu­
ally all of their sixty odd CMOS pro­
cesses. These include 1.5-µm digital / 
3.5-µm analog processes with dou­
ble-metal and double-polysilicon ca­
pability. Digital supply voltages can 
range from 2.5 to 12 V and analog 
supply voltages from 5 to 12 V. Elec­
trically-erasable-programmable 

memory cells as well as 40-V drivers 
are also available.D 

PRICE AND A VAILABILTY 
Pricing/or MSDS starts at $75, 000, includ­
ing Saber CADAT. Purchasing an equiva­
lent version of Saber-CADAT directly 
from Analogy or Racal-Redac costs 
$71,500. Typical NRE costs run between 
$20,000 and $45, 000, depending on chip 
complexity and size. Production chips 
runfrom $2 to $20each, depending on vol­
ume, packaging, die size, and complexity. 
Chip-design time is in the hands of the 
user. Turnaround time by AMI, from re­
ceipt of final design to availability of 
packaged prototypes, typically runs 12 
weeks. 

Gould AMI, 2300 Buckskin Rd., Pocatel­
lo, ID 83201; Traci Mousetis (pronounced 
mo see' tis), (208) 234-6679. 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 514 

CIRCLE 
571 
572 
573 

75MFLOP 
DSP Chipset 
Now get 75 MFLOPS in a high-rel DSP chipset - the fastest 
32-bit floating-point performance ever! The IQMAC® processor 
and IQAGS™ address generator/sequencer chipset is available in 
mega-rad, and 883 Levels B and S. With high-density flatpack 
and PGA packaging, IQMAC/IQAGS is a complete solution for 
your radar, sonar, digital communications, C3J, and avionics 
applications. Call for details. 
1575 Garden of the Gods Rd. , Colorado Springs, CO 80907 
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DC AC 

The Power in Telecommunications 

lt1s your choice! 
However you decide to power your electronic equipment, 

Ericsson can provide a choice of proven power supply solutions to 
meet your needs. 

For example, the PLY series of 150 to 400 Watt open frame 
switchers can supply quadruple and adjustable DC outputs from an 
AC input to power a whole rack of electronic equipment. 

A more distributed approach is offered by the PLB series of 
Eurocard AC/ DC switchers. Depending upon the requirements, these 
60 to 100 Watt units can power one or more shelves of equipment 
with the added security and fault tolerance which distributed 
power brings. 

But perhaps decentralised on-card DC/ DC conveners offer the 
ultimate distributed power system. This can be powered by an 
AC/ DC switcher in parallel with an optional battery back-up. 
Ericsson's renowned on-card DC/ DC converters, PKA, PKC and 
PI, range from 0.3 to 40 Watts with up to three outputs and will 
provide a highly reliable and fault tolerant system. 

Whichever you choose, you can be confident that their 
reliability and performance will be unsurpassed. 

For full technical information on all of these products simply 
call us, or fax us the coupon. 

Please send me your 
latest information 
Name 

Company 

job Title 

Address 

Telephone 

Fax 

Sweden 
France 
Germany 
Great Britain 
Hong Kong 
Italy 
Norway 
United States 

Ericsson Components AB, Stockholm Tel:(08) 721 62 47 Fax:(08) 721 70 01 
Ericsson Components Europe, Guyancourt Tel:(Ol) 30 64 85 00 Fax:(OI) 30 64 11 46 
Ericsson Components Europe GmbH, Neu-lsenburg Tel:(06102) 200 50 Fax{06102) 20 05 33 
Ericsson Components Europe, Coventry Tel:(0203) 553 647 Fax:(0203) 225 830 
Ericsson Components AB East Asia, Wanchai Te1:575 6640 Fax:834 5369 
Ericsson Components Europe, Milano Tel:(02) 3320 0635 Fax:(02) 3320 0641 
Ericsson Components A/S, Oslo Tel:(02) 650 190 Fax:(02) 644 138 
Ericsson Components Inc, Richardson, TX Te1:(214) 997 6561 Fax:(214) 680 1059 
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PRODUCT INNOVATION 

I THE SERIES 90 ScopeMeters use a 5-in. diagonal supertwist LCD display with 24~by-
24~pixel resolution. Electroluminescent backlighting on the top-of-the-line Model 97 
(center) improves visibility. 

50-MHZ DSO MELDS WITH 
FULL· FEATURE D MM 

JOHN NOVELLINO 

50-MHz, 25-Msample/s dual-channel digital storage oscilloscope 
(DSO) for under $1800 is quite a bargain. Add a feature-rich digi­
tal multimeter (DMM) and even a limited-function signal source, 
and the result is a powerful as well as economical test instrument. 
More specifically, what you have is the 90 Series handheld Scope­
Meters from Fluke and Philips (see the figure). 

The ScopeMeter's DSO captures waveforms in real-time or equivalent-time sam­
pling modes. In the real-time mode, the 25-Msample/s rate delivers a 40-ns timing 
resolution. For repetitive signals, the equivalent-time sampling mode allows 400-
ps resolution. The scope's rise time is 7 ns. Vertical resolution is 8 bits, and the 
record length is 512 points. 

Eight waveforms and 10 setups can be stored for future use. The 240-by-240-
pixel, 5-in. supertwist LCD screen displays up to four waveforms, in any combina­
tion from among the stored signals or two inputs. On the Model 97, electrolumines­
cent backlighting improves visibility. With the roll mode, users can view signals 
over a long period by scrolling the waveform as a chart recorder would, while still 
capturing 40-ns or longer glitches. 

To examine longer data streams, users can select a pretrigger mode (up to two 
screens) or a post-trigger mode (up to 100 screens). The display shows the actual 
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If you stop for gas at Wally Bonfield's 
service station, be prepared to fill up on 
a few good stories. One of his favorites is 
how he built his retirement nestegg­
with U.S. Savings Bonds, the Great 
American Investment. "Bonds have al­
ways been there for me;· he says proudly. 
Become the next Great American 
Investor. Call us to find out more. 

U.S. SAVINGS BONDS 

THE GREAT AMERICAN INVESTMENT 

1-800-US-BONDS 
A public service of this publication. 

DIGITAL 
SCOPEMETERS 

trigger level. Models 95 and 97 in­
clude N-cycle mode and event trig­
gering. These models also make 12 
automatic waveform measurements 
using the DSO's cursors. 

The ScopeMeters' DMM also in­
cludes an impressive feature set. 
True RMS ac or ac +de voltage mea­
surements can be made to 600 V 
(1700 V pk-pk), and resistance mea­
surements to 30 Mn. The meter also 
takes dBm, dBV, and dBW readings, 
and makes diode and continuity 
tests. In the recording mode, the 
screen simultaneously displays max­
imum, minimum, average, and pre­
sent readings. 

Other features include relative 
and percent-relative modes, auto­
ranging, and Fluke's Touch Hold ca­
pability, which holds the measure­
ment on the display. A scaling func­
tion lets users set 0% and 100% points 
so that the reading is scaled accord­
ingly. A de millivolts input accepts a 
wide range of Fluke and Philips ac­
cessories, such as temperature 
probes and current probes and 
shunts. The ScopeMeter probes, 
which are used for both DSO and 
DMM functions, come with high­
voltage and high-frequency tips. 

The DMM's basic accuracy is with­
in 0.5% for de volts. For ac volts, ba­
sic accuracy is within 1% at60 Hz, 2% 
through the audio range, 3% to 1 
MHz, and 10% to 5 MHz. 

EASE 0FUSE 
To make all of this capability easy 

to use, the ScopeMeters incorporate 
autoset, soft keys, and pop-up 
menus, features traditionally found 
on larger bench instruments. In the 
scope mode, autoset adjusts the volts 
and time per division, position, and 
triggering controls for the input sig­
nal. In the DMM mode, the function 
automatically tracks the input for 
the proper range, time-per-division 
display, and triggering. 

Five softkeys help the user select 
the desired functions. The pop-up 
menus clear up any questions about 
the instrument's capabilities. 

An added feature on the Model 97 
is a limited-function frequency gen­
erator. The instrument creates three 
waveforms: a 976-Hz sinewave; a 
LECTRONIC DESI 
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488-, 976-, or 1950-Hz squarewave; 
and a 4-second ramp. In the compo­
nent-tester mode, these simple out­
puts can be used to check transis­
tors, diodes, or other devices. 

All models come with an optically 
isolated RS-232C interface for in­
strument calibration. On the Model 
97, the interface can also be used for 
remote control, reading waveforms 
and setups with a computer, or print­
ing to an HP ThinkJ et or Epson FX/ 
LQprinter. 

The instruments come with re­
chargeable Ni Cd batteries, a built-in 
charger, and an ac-line adapter. They 
will also run on C-size alkaline bat­
teries. With the holster, the Scope­
Meter weighs 4 lbs. 

All in all, the ScopeMeter series 
meets the needs of field-service tech­
nicians who repair a broad variety of 
electronically-controlled devices. In 
applications as diverse as testing bio­
medical equipment, or repairing and 
maintaining office machines, the in­
struments have the portability and 
measurement flexibility to tackle the 
problem at hand. 

The ScopeMeters are the first in­
struments jointly developed by 
Fluke and Philips Test and Measure­
ment under a joint agreement signed 
in 1987. Although the pact was pri­
marily aimed at marketing, the com­
panies also agreed to share technolo­
gy and development programs, with 
Fluke contributing its 40-plus years 
of multimeter experience, and Phil­
ips its 50-plus years of knowhow in 
oscilloscope design.D 

PRICE AND A VAILABILTY 
List prices for the 90 Series ScopeMeters 
are $1195 for the Model 93, $1495 for the 
Model 95, and $1795/or the Model 97. The 
instruments are available from Fluke or 
Fluke-authorized distributors and repre­
sentatives in North America, and from 
Philips Test and Measurement in Europe. 

John Fluke Mfg. Co. Inc., P.O. Box 9090, 
Everett, WA 98206; (206)347-6100. 

Philips Test and Measurement, Bldg. 
TQllI-4 5600 MD, Eindhoven, The Nether­
lands. CIRCLE 513 
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PRODUCT INNOVATION 

OPTOCOUPLER 
ZIPS ALONG 
AT50-MBAUD 
DATA RATE 
UNIQUE DESIGN 
COMBINES ELECTRICAL 
ISOLATION WITH 
PRECISION PULSE EDGES. 

MILT L EONARD 

ultiplexed data-transmission, 
computer-to-peripheral inter­
faces, I/0-port isolation in instru­
ments, motor control, power in­
version, and other similar applica­

tions often share a common requirement: The need for 
electrical isolation between electrically incompatible 
circuits. As an example, a data-transmission network 
may require communication links between system ele­
ments operating at different ground potentials. With- . 
out the use of a circuit-isolating mechanism, pulse dis­
tortion would render the transmitted data useless. 

Optocouplers isolate a signal source and its destina­
tion by coupling signal-modulated light pulses be­
tween an LED and a photodiode. For high-speed data 
transmission, optocouplers have been speed-limited 
by the external circuitry required to compensate for 
low light-coupling efficiency, LED aging, logic inter­
facing, and external noise sources. However, an opto­
coupler from Hewlett-Packard introduces improved 
optical and circuit designs to set new performance 
standards. The HCPL-7101 optocoupler switches sig­
nals at a maximum nonreturn-to-zero (NRZ) rate of 50 
Mbaud with a typical pulse-width distortion of less 
than 1 ns, versus 10 to 12 ns for conventional designs. 

The 7101 includes a CMOS driver chip, an AlGaAs 
LED, and a CMOS detector IC. A CMOS or TTL input 
signal controls the driver IC that supplies LED cur­
rent. The detector chip includes a photodiode, a tran­
simpedance amplifier, and a voltage comparator with 
hysteresis. The 3-state output is CMOS- and TTL-com­
patible, and is controlled by an output-enable pin. The 
only external devices required are two ceramic bypass 
capacitors (0.01 to 0.1 mF) connected across the sup­
ply-voltage and ground pins of the two leadframes. 
External components required by prior solutions are 
no longer needed. 

Vjn ,.,_ _ _, 

rV001 

>---.--------< ~ LED current source 

1
1. THE LED DRIVER IC for the 7101 optocoupler 
contains circuitry for forcing fast LED switching. The pre-bias 
circuit minimizes the effect of LED capacitance on turn-on time. 
G2 and C in the peaking circuit assist in shortening both turn-on 
and turn-off times. Gl converts TTL/HCT inputs to CMOS levels. 
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Due to the CMOS circuits and a 
unique light-coupling system, the 5-
V 7101 uses just 12 mA of supply cur­
rent, including LED current. The 
light-pipe design also contributes to 
the device's approval by internation­
al safety standards of such agencies 
as the Underwriters Laboratories in 
the U.S . and the Verbande 
Deutscher Electrotechniker (VDE) 
in Germany. 

To reach a 50-Mbaud performance 
level, an optocoupler must have fast 
LED turn-on and turn-off times. This 
is the job of the LED driver. H-P's 
driver chip consists of a buffer with 
high input impedance for CMOS-log­
ic-drive signals, a switched-LED cur­
rent source, a pre-bias circuit, and a 
peaking circuit (Fig. 1). 

The pre-bias circuit minimizes 
turn-on time and propagation delay 
by precharging the LED capacitance 
while the LED is off, resulting in a 
faster rise time of LED current. This 
current is supplied by an amplifier 
that scales 20 µA of reference cur­
rent up to 4 mA. The current-source 
and LED impedances have opposite 
temperature coefficients. As a re­
sult, changing temperatures have no 
effect on LED performance. 

Early in its life, the LED needs 
only about 2 mA of current to turn on 
and deliver a given light intensity. 
As it ages, though, a higher current 
is required by the LED to get the 
original amount of light output. The 
peaking circuit (G2 and C in Fig. 1) 
offsets aging effects by charging ca­
pacitor C during LED turn-off. Upon 

Detector 
side 

PRECISION 
OPTOCOUPLER 

arrival of an input pulse, the capaci­
tor dumps its charge through the 
LED, forcing turn-on and minimiz­
ing the required on-current. Peaking 
results in a 10,000-hour guaranteed 
operation for the 7101. 

The easiest way to couple light 
from an LED to a photodiode while 
providing separation is to mount the 
light emitter and detector face-up­
ward in the same plane. Light from 
the LED reaches the photodiode by 
bouncing off the inside surface of a 
silicone globule encapsulating the 
two devices. Although this technique 
is low in cost, it has poor light-cou­
pling efficiency because much of the 
emitted light is scattered and doesn't 
reach the photodiode. 

In contrast, th e H-P method 
mounts the LED on the input lead­
frame facing downward, and the 
photodiode on the output frame fac­
ing upward. The light pipe is a plastic 
structure containing a silicone-filled 
tunnel that forms the silicone into 
the desired shape for optimum light 
coupling (Fig. 2) . 

Staked between the input and out­
put leadframes, the light pipe has up 
to five times the light-coupling effi­
ciency of planar designs, says H-P. 
At the same time, the double-heter­
ostructure AlGaAs LED converts 
current to light energy with ten 
times the efficiency of GaAsP LEDs. 
All of these factors contribute to 
high light-coupling efficiency. They 
also allow greater spacing between 
the emitter and detector to meet the 
most stringent national and interna-

Emitter 
side 

1
2. ISOLATION REQUIRED BY SAFETY STANDARDS is ensured by 
the 710l's light pipe, which provides a 0.5-mm separation between the LED mounted on the 
input Jeadframe and the photodiode mounted on the output leadframe. The cylindrical cavity 
through the center of the light pipe is filled with silicone, whose light-transmission 
properties are better than air. 
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tional safety requirements. 
In addition to providing electrical 

isolation, an optocoupler should du­
plicate the input waveform as closely 
as possible, especially for high-speed 
data transfer. H-P accomplishes this 
with several patented circuit de­
signs, beginning with an active Fara­
day shield at the photodiode (Fig. 
:Ja). The photodiode converts LED 
light pulses into current pulses . 
However, when mounted on the out­
put leadframe, it reacts to signal-de­
grading noise picked up from the en­
vironment and radiated by the input 
leadframe. 

One way to shield a photodiode 
from common-mode signals is to cov­
er it with a grounded, transparent 
conductive material. However, a 
photodiode is effectively a capacitor 
between two layers of silicon. Add­
ing the capacitance of a grounded 
shield increases photodiode capaci­
tance, which is typically 6 pF. Be­
cause shield capacitance can double 
or triple photodiode capacitance, the 
result is reduced bandwidth of the 
circuitry that follows. 

Instead of using a grounded 
shield, the 7101 has it's shield con­
nected to a fast buffer amplifier in a 
negative-feedback loop so that shield 
current cancels most of the input­
noise current. This design preserves 
bandwidth with only a slight reduc­
tion in common-mode noise rejection. 

Ideally, the threshold voltage for 
switching on the photodiode should 
be as close to zero as possible for 
minimum switching power, yet high 
enough to be immune to unintention­
al changes in photocurrent, such as 
from common-mode effects. Unfor­
tunately, photodiode capacitance dis­
torts the edges of input waveforms 
so that turn-on and turn-off times 
can be significantly different with a 
fixed threshold voltage (Fig. :Jb). 
Due to the propagation delay of the 
IC, turn-on time is typically 2 ns. But 
it takes from 10 to 20 ns for the fall­
ing edge of the input waveform to 
drop to the threshold voltage and 
switch off the photodiode. The result 
is pulse-width distortion. 

In a simple but elegant solution, 
the 7101 avoids this problem by us­
ing a moving-threshold comparator 

I G N 
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(a) Active Faraday shield 
Transimpedance amplifier 

Moving·threshold comparator Output butler ,----
1 

I I 
I I 
I I 
I I 
I I Output 

Yout 

'----+------+-~-_-..__--_-+-4-_-..::oEn:::.:ab~le __ Ground 2 

Relerence·voHage source 

(~b) lnputto 
transimpedance 

amplifier, Vin 
Switch points Positive input to 

F=\_/ \~ comparator, Ve 
d~ ~F· dth h Id Tum·on Tum·off ixe res o 

delay -1 r-- -1 I""- delay Negative input to 
comparator, VrH 

Switch points Positive input to 
~mparator,Vc 

Turn·on-+j r- -j r-- Tum-off Negative input to 
delay delay comparator, VrH 

Truth table (positive logic) 

Input Enable Output 

H H z 

L H z 

H L H 

L L L 

1
3. PATENTED CIRCUITS integrated on the photodiode chip help duplicate the 
input-signal waveform as closely as possible (a). An active Faraday shield uses a negative­
feedback loop to cancel common-mode signals radiated from the input leadframe. To avoid 
pulse-width distortion resulting from a fixed threshold voltage, the 7101 has a voltage 
divider that effectively drags the threshold voltage along with the input signal (b). 

that effectively "drags" the thresh­
old voltage along with the input cur­
rent pulse. Here's how it works: 

The transimpedance amplifier 
converts photodiode current into a 
voltage signal V C• which is fed to one 
input of the comparator. A voltage­
divider cir!uit comprised of two se­
ries resistors connects across V c and 
a fixed reference voltage V REF· The 
junction of the two resistors pro­
vides the threshold voltage V TH to 
the other comparator input. 

Consequently, VTH tracks V c with 
a slight offset in amplitude. Howev­
er, a capacitor connected from V TH to 
ground also causes V TH to lag V c 
slightly in phase. As a result, turn-on 
and turn-off delay are the same for 
both positive- and negative-going 
edges of the input waveform. Thus, 
the 7101 has a typical pulse-width 

distortion specification of less than 1 
ns. This is important for data-com­
munications applications in which 
precise, predictable location of pulse 
edges is vital. Such precision is also 
valuable for parallel data transfers 
that can't tolerate propagation-delay 
skews between channels.D 

PRICE AND A VAILABILTY 
The 50-Mbaud HCPL-7101 optocoupler 
comes in a standard 8-pin plastic DIP and 
is available now for $4.95 each in quanti­
ties of 1000. The HCPL-710015-Mbaud ver­
sion is priced at $3. 96 each. 

Hewlett-Packard Co. Inquiries, 19310 
Pruneridge Ave., Cupertino, CA 95014; 1-
800-752-0900. CIRCLE 515 

How v ALUABLE? 
HIGHLY 
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NEW PRODUCTS 

HV Or·AMP·IN·A-Box Purs +750 V AcRoss 7.5 
kfi FOR 10 µS FRANK GOODENOUGH 

The Model 50/750 High-Volt­
age Solid-State Amplifier 
from Trek Inc. isn't your 
plain-vanilla op amp, but it's 

an op amp, albeit with an internally­
closed feedback loop (see the figure). 
By employing cascoded power MOS­
FETs in the output stage, each of the 
two all-solid-state amplifiers in the 
box can continuously put out ±750 V 
at 50 mA rms, or peak currents twice 
that, for 10 µs. Alternatively, be­
cause the amplifiers employ float­
ing, optoisolated, linear drivers, 
their output stages can be strapped 
to provide 0 to 1500 V or 0 to -1500 V. 
In the present model, the strapping 
commits both amplifiers to the same 
output-swing range. By early next 
year, a revised version will permit 
each to be strapped separately. 
These aren't just variable high-volt­
age power supplies, though. They 
drive highly-reactive loads while re­
maining stable and the outputs can 
slew at over 125 VI µs, giving them a 
full power 3-dB bandwidth on the or­
der of 30 kHz. 

Such amplifiers (and even higher­
voltage ones to +20,000 V) are used 
in the ion implanters employed today 
in most IC processes. They also rep­
resent a valuable laboratory tool in 
piezoelectric and piezoceramic re­
search and can drive the piezo micro­
positioning motors ("inchworms") 
used in precision optical systems. In 
addition, they're widely used in elec­
trostatic-copier (Xerography) re­
search and development, and for 
driving lasers and testing insulation. 
With their ac power bandwidth, they 
can drive audio and low-frequency 
ultrasonic piezo transducers. And of 
course, they perform well as gener­
al-purpose, high-voltage power sup­
plies. They also find their way into 
the feedback loop of systems using 
high voltage. 

the output swing selected. Screw­
driver adjustments on the amplifi­
ers' front panel independently adjust 
the gain of each between 10 and 150. 
Thus, the amplifier's output swing 
can be set by adjusting either the 
gain, or the input-signal level. Their 
true four-quadrant outputs continu­
ously source and sink 50 mA at any 
voltage. As a result, with their inputs 
driven 180° out of phase by a 16-bit 
digital-to-analog converter, and 
their outputs driving each side of a 
floating load in a bridge configura­
tion, the amplifier pair can produce a 
low-distortion 1500-V pk-pk sine 
wave well beyond the audio band. Al­
ternatively, these solid-state amplifi­
ers can develop a + 1500-V arbitrary 
waveform with a resolution of 22 
m V, and that's while slewing at 125 
VI µs. The 22-m V resolution is well 
above the 0.5-m V offset of the ampli­
fiers (and the offset can be zeroed on 
the front panel). However, broad­
band (de to 20 kHz) noise at the out­
put runs about 60 m V rms, although 
most of it is high-frequency noise 
emanating from the unit's switching 
power supply. 

SOURCE AND SINK The next model of the 50/750, 
The full-scale input range of the which will let one amplifier swing 

Model 50/750 is specified as 0to10 V, from 0 to -1500 V while the other 
0 to -10 V and ±5 V, depending on swings to +1500 V when connected 

ELECTRONIC DESIG 
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in a bridge circuit, will be able to pro­
duce peak-to-peak voltages of 3000 V 
across a load. However, generation 
of sine waves will take a little care. 

Because they're dedicated, closed­
loop amplifiers, linearity (Trek calls 
it de accuracy) is specified. At the 
maximum (manually set) gain, it 
runs to within less than 0.5%. Howev­
er, since the gain control is within the 
feedback loop, decreasing gain in­
creases loop gain, which in turn im­
proves linearity. Gain and offset 
temperature coefficient run 50 ppm/ 
°C and 250 µ V /°C, respectively. In ad­
dition to gain and offset, front-panel 
screwdriver adjustments enable the 
user to adjust the circuit's damping 
and response characteristics to best 
handle a particular input signal, 
load, and gain. 

With a TTL-compatible input on 
the Model 50/750, an external logic 
signal, or relay, can turn the amplifi­
ers on and off. The Model 50/750 is 
rated for operation from 0 to 40°C at 
a relative humidity of 75%. I ts dimen­
sions are 8.5-in. wide, 5.8-in. high, 
and 17-in. deep. It weighs 17 pounds. 
In unit quantities, it goes for $2495 
each. 

Trek Inc., 3932 Salt Works Rd., 
Medina, NY 14103; Lorna Finch, 
(716) 798-3140. CIRCLE 470 
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CONTINUOUS-TIME FILTER IC HAS 
ON-CHIP 0.5-Yo CAPACITORS, COMES 
WITH FILTER-DESIGN SOFTWARE 

T o avoid the 
aliasing 
and noise 

prob 1 ems of 
switched-capacitor 
IC filters, many de-
signers are return-
ing to continuous­
time IC filters, like 
Burr-Brown's 
UAF42 universal 
active filter. Capa- Yin 
ble of implement-
ing virtually any 
common filter to-
pology, it beats one 

+ 
Yout 

UAF42 

of the problems '----~~~~~~~~~~~~~~~~~~~~--' 
Typically, Q factors of 400 and Q-fre­

quency products of 500 kHz can be 
achieved. Input voltage noise typically 
runs less than 25 n V IV'HZ at 10 Hz and 
less than 10 n V lv'HZ at 10 kHz. Broad­
band noise from 0.1 to 10 Hz typically 
runs under 2 µ V pk-pk. 

typically encountered with earlier con­
tinuous-time active filters-getting ac­
curate capacitors. 

The UAF42 filter IC contains a pair 
of 1000-pF' oxide capacitors that have 
been trimmed to within 0.5% accuracy. 
As a result, you need only add two ex­
ternal resistors in order to build a two­
pole Chebyshev low-pass filter (see the 
figure). Its circuit represents an exam­
ple of the classic state-variable archi­
tecture with an inverting amplifier and 
two integrators. 

It can also be used for Sallen-Key, 
low-pass designs. The fourth (uncom­
mitted) of the chip's four FET-input op 
amps (not shown) can be used in more 
complex filters. Because the gain-band­
width and open-loop gain of the op 
amps run 4-MHz typical and 90-dB 
minimum, respectively, useful filters 
with cutoff frequencies ranging up to 
100 kHz can be readily built. 

SMART-POWER ICS DRIVE 
AUTO MULTIPLEX LOADS 
Two smart-power I Cs are designed for 
automotive multiplex wiring systems 
and set new records for current han­
dling. The most powerful is the L9936 
half-bridge that delivers up to 25 A, al­
lowing window-lift motors to be direct­
ly driven for the first time. The L9936 is 
assembled in an 8-lead version of the 
company's Multiwatt plastic power 
package, a version with 0.1-in. lead 
spacing to suit high current tracks on 
circuit boards. The other device is the 
L9937, a 6-A full-bridge . It comes in an 

The chip is supported by free, menu­
driven filter-design software on a flop­
py disk in addition to 28 pages of appli­
cation notes. The basic device is rated 
for the extended-industrial-tempera­
ture range. Mil-grade devices are also 
available. Packaged in a 14-pin plastic 
DIP, the device's pricing starts at $6.95 
each in quantitites of 100. 

Burr-Brown Corp., P. 0. Box 11400, 
Tucson, AZ 85734; John Conlon, 1-
800-548-6132 or their electronic bul­
letin-board service through a mo­
dem at (602) 741-3978 (300112001 
2400 8,N,1). IHJ;(Hlflll 
• FRANKGOODENOUGH 

11-lead version of the Multiwatt pack­
age. In a typical auto multiplex scheme, 
the L9936 is used for high current loads 
(such as window-lift motors), while the 
L9937 drives various other motors, 
such as headrest adjustment motors or 
doorlock actuators. Typically, the pow­
er ICs are used with a custom control 
and interface circuit because the proto­
cols are proprietary. 

Available now, the L9936 and L9937 
power I Cs sell for $5 each in quantities 
of 100 or more. 

SGS-Thomson Microelectronics Inc., 
1000 E. Bell Rd., Phoenix, AZ 85022-
2699; (602) 867-6228. llW&lfllj 
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NPN/PNP PAIR HANDLE 
HIGH-VOLTAGE VIDEO 
If a complementary pair of transistors 
is needed that can put +so V, or even 
higher-voltage video waveforms 
across 1000 fl, while connected as emit-

© 

4 

2 

ter followers, Motorola's CR820 could 
be the answer. The npn transistor has a 
collector-to-base breakdown voltage, 
V(BR)CB01 between pins 1and4Of120 V. 
Its pnp cohort's V(BR)CBO runs -80 V be­
tween pins 2 and 3. Collector-emitter 
breakdown voltages run 70 and -65 V, 
respectively. Cutoff frequencies fr for 
both transistors run 1 GHz, while the 
current gain is 40 at a collector current 
of50mA. 

Motorola RF Products Div., 325 Maple 
Ave., Torrance, CA 90503,· Elden 
Young, (213) 783-5785. UV@llW 

EXCALIBUR YIELDS 
IMPROVED OP·27/0P·37S 
Texas Instruments' Excalibur process 
has yielded improved second sources of 
the popular, standard, precision OP-27 
and OP-37 op amps. The high-speed 
complementary process includes high­
speed vertical pnp transistors that com­
plement the fast vertical npns from the 
process. Called the TLE2027 and 
TLE2037, the op amps offer perfor-

mance and features not previously 
available. While offset voltage is com­
parable with that of the OP-27 and OP-
37 (25 µ V maximum), input noise runs 
35% lower. Operating with a source re­
sistance of 100 fl, premium-device 
noise runs a maximum of 4.5 n V lv1IZ 
at 10 Hz and 3.8 n V /v1fZ at 1 kHz. 
Peak-to-peak input noise from 0.1 Hz to 
10 Hz is a maximum of 130 n V. The TLE 
2027's small-signal unity-gain band­
width and open-loop gain are also supe­
rior to that of earlier devices. The for­
mer runs a minimum of 9 MHz. Large­
signal differential-voltage gain, while 
driving 2000 fl with +n V, is typically 
over 150 dB, and a minimum of 132 dB. 
Driving 600 fl with +10 V, these drop 
to 145 dB and 126 dB, respectively. An 
added feature, called output-satura­
tion recovery, prevents the output 
from saturating when the op amp is 
overdriven. The feature eliminates the 
usual recovery-time-from-saturation 
effects that can often mask signals for 
milliseconds in other op amps. In quan­
tities of 1000, the op amps start at $1.19 
each. 

Texas Instruments Inc., Semiconduc­
tor Group (SC-9104 7) P. 0. Box 809066, 
Dallas, TX 75380-9066; (800) 336-5236, 
ext. 700 or (214) 995-6611, ext. 
700. ldV&lfljl 

FAST OP AMPS FEATURE 
1.8-MHZ BANDWIDTHS 
Low-power requirements combined 
with optimized speed and high preci­
sion are the hallmarks of a new family 
of single, dual, and quad op amps. The 
MC3317x family offers a high band­
width of 1.8 MHz and a fast slew rate of 
2.1 VI µs. It uses a bipolar process with 
pnp transistors in the differential input 
stage. The input common-mode range 
extends down to the lower supply rail, 
allowing single-supply operation even 
with supply rails as low as 3 V. The up­
per limit is 44 V. All three devices need 
supply currents of only 200 µA / ampli­
fier. The Darlington input stage pro­
vides high input resistance, low input 
offset voltage, and high gain. The am­
plifier output stage does away with the 
conventional npn/pnp configuration, 
using an all-npn stage instead. This ap­
proach brings an increased output-volt­
age swing, a high-current sink, and bet­
ter high-frequency performance. In 
quantities of 1000, the MC33171 single 
op amp, MC33172 dual op amp, and 
MC33174 quad op amp each sell for 46, 
50, and 60 cents, respectively. 

SGS-Thomson Microelectronics Inc., 
1000 E. Bell Rd., Phoenix, AZ 85022-
2699; (602) 867-6228. litl;tallM 
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Behlman's AC Power Source 

is perfect for 50 Hz or 60 Hz 

testing of sensitive medical instru­

ments and consumer products, 

as well as 400 Hz avionics testing. 

A built-in computer can simulate 

a brownout in Brunei or a line 

sag in Singapore. It gives you up 

to a big 9000 VA of clean power. 

Only the price is small, starting 

at $2,350. For a free brochure, 

write to Behlman, 6 Nevada Dr., 

Lake Success, New York 11042, 

or call (800) 456-2006 today. 

BEHLMAN 
An Astrosystems Company 
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Control any 
IEEE-488 (HP-18, GP-18) 
device with our cards, cables, 
and software for the PC/AT/3 6, 
EISA, MicroChannel, and Nu8us. 

V.32 DATA PUMP 
HEADS FOR LAPTOPS 
For modem applications in portable and 
laptop computers, the WE DSP16A­
V32 data pump comprises the 16-bit 
fixed-point DSP16A, the TI525 linear 
codec, and an interface controller. The 
ROM-coded DSP16A-V32 implements 
V.32 (9600-baud) and slower-speed 
standards by receiving and transmit­
ting data, performing echo cancella­
tion, and automatically selecting the 
highest data rate available in a given 
modem transaction. Located on the 
telephone-line side of the data pump, 
the TI525 linear codec has 12-bit linear­
ity for 60 dB of echo cancellation, and 
serves as the analog front end. The 
data-pump controller provides an inter­
nal universal synchronous/asynchro­
nous receiver-transmitter (USART), 
programmable-host interface, user 
registers, clock separation and control, 
and V.13 and V.54 support. The com­
bined chips provide V.24, microproces­
sor-bus, eye-pattern, and line interfac­
ing. Typical power consumption is 450 
mW; 50 mW in power-down mode. Pric­
ing is $70 per set in quantities of 10,000. 

Call A T&T Customer Response Cen­
ter; I-800-372-2447,· or write to AT&T 
Microelectronics, Dept. 52AL300240, 
555 Union Blvd., A llentown, PA 
is1oa. taV&t1n,7 

RS-422/23 TRANSCEIVER 
IC SIMPLIFIES BOARDS 
One of the first CMOS transceiver 
chips to include RS-422 drivers and re­
ceivers in the same package, the Star­
tech ST86C87, is pin-compatible with 
the recently-released transceiver chip 
developed by Motorola Inc. Two differ­
ential drivers and two differential re­
ceivers are integrated on one chip. Be­
cause most systems typically only need 
two channels, one ST86C87 can replace 

lllllE 
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COMMUNICATIONS 

two quad driver and receiver packages. 
However, for applications that need 
more than two channels, the company 
also has the ST26C31 and ST34C87 
quad differential line drivers, and the 
ST26C32 and ST34C86 differential re­
ceivers. These chips are also direct re­
placements for the Quad drivers and re­
ceivers developed by National Semi­
conductor Corp. In lots of 1000, all of 
the Startech drivers, receivers, and 
transceivers sell for about $3 per chip. 

Startech Semiconductor Inc., llOI S. 
Winchester Blvd., No. AIOI, San Jose, 
CA 95I28,·(408J247-8781. liit@lfW 

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. 

HYBRID AMPLIFIERS 
WORK AT UP TO 2 GHZ 
Satellite TV and cellular-radio receiv­
ers operating at up to 2 GHz can now 
use hybrid wideband amplifiers to re­
place discrete versions in the IF stages. 
The OM926 and OM956/2 amplifier 
modules work between 10 MHz and 2 
GHz and between 950 MHz and 1750 
MHz, respectively. Featuring low noise 
and high output levels, the amplifiers 
can also be used in high-frequency mea­
suring equipment. The OM926 is a two­
stage amplifier with a sloped gain of 15 
to 18 dB over the 950-to-1750-MHz 
range to compensate for cable-trans­
mission losses. The module has an out­
put level of 103 dBµ Vat -60-dB inter­
modulation distortion. The noise figure 
is 6.5 dB. The device is encapsulated in a 
5-pin single-in-line package. The 
OM956/2 is a three-stage module en­
capsulated in a plastic package suitable 
for surface mounting. It has 24-dB gain 
LECT R ONIC DES 
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that's flat to within +1 dB. The output 
level is 114 dBµ V at intermodulation 
distortion of -35 dB. Both thin-film am­
plifiers work from 12 V, have a 
matched impedance of 75 n, and return 
losses of 12 dB. Available now, the 
OM926 costs about $4 and the OM956/2 
around $6 in medium quantities. 

Philips Semiconductors, P.O. Box 2I 8, 
NL-5600 MD, Eindhoven, The Nether­
lands; Phone: (003I ) 40-722091. 

IHlt@lllJ:I 

TINY FM RECEIVER 
ICS OPERATE ON 3 V 
FM receiver !Cs from Signetics offer 
one-chip solutions for mixer and IF 
functions in portable communication 
systems, such as cellular and cordless 
phones, and wireless LANs. The 
NE606/607 each include a mixer/oscil­
lator, two op amps, IF amplifiers, a lim­
iter amplifier, a voltage regulator, and 
a quadrature detector. Each chip also 
has a receive-signal-strength indicator 
that can be used to check incoming sig­
nal strength and tailor the transmit 
power of the signal source accordingly. 
In addition, the NE607 has a control pin 
that locks the IF frequency in narrow­
band applications. Both parts are avail­
able now in SSOP, DIP, and SOL pack­
ages. Pricing is $3.57 (NE606) and $3.68 
(NE607) each in lots of 100 units. 

Signetics Co., 811 E. A rques Ave., 
P.O. Box 3408, Sunnyvale, CA 94088-
3409; Michael Sera, ( 408) 99I -
4544. IHJ;fHlllfl 

Free : 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

C!:fi 
Capital Equipment Corp. 
Burlington, MA. 01803 
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THREE-CHIP SET COMPRESSES LAPTOP 
LOGIC AND VIDEO CONTROL D AVE BURSKY 

The quest for 
smaller and low­
er-power note­
book computers 

has pushed logic integra­
tion close to its limit with 
the release of the Oak­
N ote chip set from Oak 
Technology. The three­
chip set consists of a sys­
tem controller, a periph-

System 
memory CPU 

eral controller, and a 
VGA display controller­
the OTI-041, 042, and 043, 
respectively. All three 

System and 
video BIOS 

chips communicate with 
each other and with ei-
ther an 80286 or 80386SX 
CPU and main memory 
over a local bus rather 
than over the AT-bus, 
which was used in most 
previous system imple­
mentations. Using a local-bus inter­
face for the display controller great­
ly improves the display performance 
because the display subsystem can 
run at CPU clock rates rather than at 
the AT bus rate. That also eliminates 
the synchronization and bandwidth 
constraints of the AT bus. 

Providing all system memory and 
AMA control logic for 80286- and 
80386SX-based systems, the OTI-041 
can be used to implement systems 
that run at clock speeds from 8 to 20 
MHz. Also integrated on the chip are 
the bus controller (with local bus 
support for the VGA controller), the 
AT-bus address buffers, and all ad­
dress and data-path control circuits. 
Clock and Reset-generation logic, 
along with fast Reset and GateA20 
support, were also included on the 
chip. Working with the system con­
troller, the 042 peripheral controller 
combines power-management cir­
cuitry with the standard peripheral 
devices (interrupt controller, 110 
and chip-select logic, real-time clock 
with 128 bytes of RAM, and 287 I 
387SX coprocessor support) and sup­
port for the Intel 82385SX cache con­
troller. 

1/0 
controller 

The VGA controller can simulta­
neously drive the flat-panel display 
and a CRT (with an optional RAM­
DAC). Separate timing circuits are 
included on the chip for both display 
types. Fully VGA compatible, the 
controller can provide standard VGA 
resolution of 640 by 480 pixels, or de­
liver the enhanced 800-by-600-pixel 
mode with 64 gray-scale levels on the 
flat-panel display, and 256 colors on a 
CRT. An on-chip page-mode data 
buffer and a command buffer enable 
the chip to take full advantage of the 
local-bus interface. DRAM configu­
rations of 256k-by-4 and 64k-by-16 
are supported by the controller chip. 
The VGA chip can also be used in sys­
tems that don't employ the entire 
OakN ote chip set. For those applica­
tions, the OTI-043 can tie into the 
standard AT-bus architecture. 

Combining the three control chips 
onto a motherboard requires an area 
of less than 34 in. 2 for a system with 1 
Mbyte of DRAM. The additional log­
ic that must typically be added to 
round out the system include an 110 
controller that provides the serial 
and parallel ports, floppy-disk con­
troller, an IDE hard-disk interface, 

ELECTRONIC DESIG 
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Keyboard 
controller 

Video 
memory 

RAMOAC 
(optional) 

some serial-port buffers, one 7 406 
TTL chip, the keyboard controller, 
some crystals, a video-clock genera­
tor, and the various memories 
(DRAMs for main memory and the 
video memory, and a BIOS EPROM 
or ROM). 

Power-management features im­
plemented as part of the chip set log­
ic include activity monitors that 
track interrupts, keyboard activity, 
serial-port usage, as well as pro­
grammable I/O pins, and an auto­
matic wake-up capability. 

The OTI-041 and 043 come in 160-
lead plastic quad-side flat packages, 
while the 042 comes in a 144-lead ver­
sion of the same package. Samples of 
the chips are immediately available. 
In 1000-unit lots, the OTI-41/42 chip 
pair sells for $56/set, and the OTI-
043 sells for $43 each in similar quan­
tities. Oak has also developed an ex­
tended-memory-manager driver and 
a comprehensive system BIOS. 
Work is also underway with several 
other BIOS suppliers to provide addi­
tional BIOS options. 

Oak Technology Inc., 139 Kifer 
Ct., Sunnyvale, CA 94086; William 
Wong, (408) 737-0888. CIRCLE 480 
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VIDEO CONTROLLER DATA-ENCRYPTION IC 
TRIMS PC CHIP COUNT CIPHERS 190 MBITS/S CMOSPLDS 

MATCH SPEED 
OF BIPOLAR 
E-GRADE 

A VGA-compatible display controller The VM007 provides designers with a 
and companion color-LCD panel sup- complete programmable cryptograph­
port chip will help laptop and notebook ic system on a chip. It contains a hard­
computers reduce the display-system wired implementation of the National 
design to just interconnecting the con- Institute of Standards and Technology 
troll er and a few RAMs to the host com- (NIST) data-encryption standard and 
puter. The WD90C22 drives passive can encrypt or decrpyt data at over 190 
and active matrix LCD flat panels, plas- Mb its/ s in any mode, using 64-bit data 0 
ma panels, and color LCDs. It even di- words. Implemented with a flow- ffering the shortest input-to-
rectly drives CRTs. Pin-compatible through architecture, the chip has sep- output delay of any 24-bit 
with the previously released 90C20 that arate plain-text and cipher-text ports CMOS programmable-logic 
combined VGA control logic and RAM- that permit simultaneous data trans- chip-just 7.5 ns-the 85C224-7 match­
DACs on one chip, the 132-pin 90C22 fers into and out of the chip. All DES es the performance of E-grade 24-pin 
adds 64-shade gray-scale imaging, with modes of operation are available. The bipolar PLDs. The new Intel chip has 
the company's proprietary TrueShade chip also includes built-in self-test logic shorter input-to-output delays than 
programmable dithering logic. The 44- that tests the chip at power-up. The other 24-pin CMOS PLDs and can be in­
pin WD90C55 ties into the 90C22 VGA chip is housed in an 84-lead, ceramic ternally clocked at rates of up to 100 
controller and eliminates the need for leaded chip carrier and is available in MHz. With external feedback, the chip 
additional buffers by providing direct commercial and military temperature- can run at 74 MHz. In addition to this 
support for 8- and 16-bit STN color dis- range versions. In lots of 1000, the new device, the company also has re­
plays. Samples of the 90C22 VGA con- VM007 sells for $750. Samples are leased a 7.5-ns version of the 20-pin 
troller are immediately available and available from stock. CMOS 85C220. 
are $60 in small quantities. VLSI Technology Inc., Government Not only are the chips as fast as their 

Western Digital Corp., 8105 Irvine Products Div., 8375 South River E-grade bipolar counterparts, they also 
Center Dr., Irvine, CA 92718; Robert Pkwy., Tempe, AZ 85284; Ray Slusarc- consume just half the power of the bi-
Blair, (714) 932-5000. UOtalll:ll zyk, (602) 752-6300. fi{l@ll/:tl polar chips. At maximum speed, the 

-----===== = ===------------------, 85C224 draws 105 mA maximum. Fur­

With design to 
production win­

dows getting smaller 
and smaller, you need to 
work smarter, not har­
der. That's the thinking 
behind Mouse-trak™. 

Because it's a track­
ball , Mouse-trak'" is sta­
tionary. That means you 

can stop chasing a 
mouse across your desk. 

But Mouse-trak'" is 
no ordinary trackball. 
It's the most comfor­
table, accurate trackball 
available. That means 
you can get more done. 

And enjoy doing it. 

l mu11sc··frak 1® 

Call Today 1-800-533-4822 
Available for all computers • 30 day money back guarantee 

ITAC SYSTEMS, INC. • 3121 Benton St. • Garland, TX 75042 
Tel (214) 494-3073 • Fax (214) 494-4159 
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thermore, because the chips are based 
on UV EPROM cells, windowed-pack­
age versions can be erased and repro­
grammed. In contrast, once a bipolar 
chip is configured, it can't be repro­
grammed. 

The 85C224 PLD contains eight I/O 
macrocells, up to 22 inputs (14 dedicat­
ed and 8 programmable I/O lines), and 
has some features that aren't included 
on other 24-pin PLDs. The 85C220-7 de­
vice can have up to 18 inputs (10 dedi­
cated and 8 programmable I/O lines). 
Each of the I/O macrocells contains 
eight product terms as well as an indi­
vidual output-enable P-term, plus a 
programmable inversion option. All of 
these features are in addition to the ba­
sic macrocell, which consists of an EX­
OR input to a D-type register and vari­
ous configuration switches to select 
the output source, and the routing of 
the input signal. 

In addition to the chips, an enhanced 
version of the free PLDshell PLD de­
sign software has also been released by 
the company. 

Prices for the 85C224-7 and 220-7 are 
$10 and $6.10 each, respectively, when 
purchased in 1000-unit lots (window­
less plastic leaded-chip-carrier ver­
sion). Delivery for both programmable 
devices is from stock. 

Intel Corp., Literature Packet IP-
82, P. 0. Box 7641, Mt. Prospect, IL 
60056-7641; (408) 765-8080. 
m@tll:U 
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GATE-ARRAY FAMILY 
BOOSTS 1/0 LINE COUNT 

By employing a double pad ring with staggered pads, 
the HG62G family of gate arrays gives users a high­
er 110 line-to-gate-count ratio than any previous 

family offered by Hitachi. Fabricated in a 0.8-µm CMOS pro­
cess, the arrays have from 15 to 35 kgates arranged in a 
channel-free array. However, by staggering the 110 pads in 
two rings and tightening the pitch between 110 pads, the 
company was also able to reduce the chip size of each new 
array by 40 to 60% over a chip fabricated with a standard sin­
gle pad ring. The smaller chip size (and thus lower cost), high 
110 count, and higher performance position the family well 
for high-performance 110-intensive applications. 

There are four masterslices in the HG62G series whose 
gates on the chips are interconnected with two levels of met­
al wiring. The arrays have raw gate counts of about 14,500, 
19,500, 27,500 and 34,800, and respective 110 pad counts of 
160, 184, 216, and 240. Internal gates have propagation de­
lays of just 450 ps, typical, and a power dissipation of about 9 
µW I gate/MHz (for a 2-input N AND with a fan-out of 2 and 
2-mm of metal). Even shorter delays are possible for special 
"power" gates. 110 buffers have an output delay of about 
1.8 ns, typical, with a 50-pF load, and input buffers have an 
800-ps delay when loaded by 2 mm of metal and with a fan­
out of 2. Buffer output drive levels can be selected as 2, 8, 16, 
or 24 mA. The arrays are characterized for 5-V operation 
over a temperature range of -20 to +75°C. 

In addition to the basic cells included in the library, the 
company has a RAM compiler slated for release in early 1992 
to custom-create memory blocks. To simplify chip testing, 
the company also has some scan-type auto-diagnostic func­
tions that can be selected from the cell library and incorpo­
rated in the system design. Plastic quad-sided flat packages 
for the 62G series chips will range in lead count from 64 to 208 
pins, with higher pin counts expected in 1992. Initial array 
prices range from 7to10 cents per 110 line in lots of 10,000. 

Hitachi America Ltd., Semiconductor and IC Div., 2000 
Sierra Point Pkwy., Brisbane, CA 94005-1819 lill;talf/:?I 
• DAVEBURSKY 

MEGABIT SRAMS TRIM 
ACCESS TIME TO 17 NS 
A family of five 1-Mbit static RAMs with access times as 
short as 17 ns give designers xl, x4, and x8 word-width op­
tions, as well as single or dual Chip Enables or common or 
separate 110 lines. The first three standard offerings, the 
EDI88128CSA, 84256CSA, and 811024CSA, consist of a 128-
kword-by-8-bit unit, a 256-kword-by-4-bit device, and a 1-
Mword-by-1-bit device, respectively. The 128 k by 8 is avail­
able in two versions: the first is the standard device with one 
Chip Enable, the other has two Chip Enable lines (the 
EDI88130CSA). In addition, the 256 k by 4 comes in two ver­
sions. The standard version has multiplexed data-input and 
data-output lines, and the second has separate data-input 
and output lines (EDI 84285CSA). All of the chips will be 
housed in 400-mil DIPs or SOJ packages and will be available 
in speed grades from 17 to35ns. Prices forthe 17-ns chips are 
$221 each in 100-unit lots, while 35-ns versions sell for $64 
each. Samples are available from stock. 

Electronic Designs Inc., 42 South Street, Hopkinton, MA 
01748; Mark Hampson, (508) 435-2341. till;fiUltbJ 

IEEE488.2 
control. 

Made painless. 

When you need a simple solution to 
IEEE-488.2 control, the HP 82335A PC 
HP-IB card gives you fast relief. It makes 
programming easier with powerful com­
mands (HP-type calls). It helps you get 
started quickly with comprehensive 
programming examples. And it includes 
standard features that take the frustra­
tion out of system development. Llke a 
definitive set of common sense commands. 
Support for all the most popular languages. 
Automatic software installation and full 
IEEE-488.2 and SCPI compatibility. 

You get all these advantages, from the 
company that invented HP-IB, at just 
$525. * So why settle for anything less. 

.... To order , call HP DmECT 
liiil 1-800-452-4844, Ext. TX13. 

We'll ship your order the day it's received 
A sixty day, money-back guarantee is 
included. All you need is a company 
purchase order or lllli!!!iiJ ~ 
credit card. ~ ~ 
* U.S. list price 

There is a better way. 

Ff/di HEWLETT 
~a PACKARD 

0 1991 Hewlett-Packard Co. TMMSOl20 

SEE US AT AUTOTESTCON-BOOTH #316 
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HIGH MAGNIFICATION BRINGS 
THERMAL ANALYSIS TO FINE PITCH 

Thanks to the addition of a mag­
nification-lens option, the Com­
pix 6000 thermal-imaging sys­

tem can detect and analyze "hot spots" 
on electronic components with feature 
sizes as small as 2 mils (0.002 in.). As a 
result, the system is well-suited for 
fine-pitch, small-geometry component 
applications, such as those found in 
semiconductors, hybrid circuits, and 
multichip modules. 

Because nearly all of the power sup­
plied to a circuit appears as heat in 
some location, the Compix 6000 system 
helps zero in on the thermal weak 
points in a design. Often, semiconduc­
tor devices are the hottest spots in a cir­
cuit. The system bypasses bulky ther­
mocouples and contact probes, which 
are often too large and may provide 
misleading readings because they 
serve as heat sinks themselves. In addi­
tion, contact probes may become ele-

Turn your 
excess inventory 

into a substantial tax break 
and help send needy 

kids to college. 

Call for your 
free guide 

to learn how donating your 
slow moving inventory 
can mean a generous 

tax write off 
for your company. 

Call 708-690-0010 
Peter Roskam 

Executive Director 

P.O. Box 3021, Glen Ellyn, IL 60138 
Fax (708) 690-0565 

Excess inventory today ..... 
student opportunity tomorrow 

ments of hybrid, RF, or stripline cir­
cuits and skew performance. 

The magnification lens provides a 
vertical field view of 0.4 by 0.5 in. and 
magnification power of 7.5X. The op­
tion also includes a camera stand and x­
y-z positioners that allow the device be­
ing examined to be positioned relative 
to the lens. Without the lens option, ba­
sic system resolution is 15 mils. 

With the lens, designers and manu­
facturers can conduct component-level 
reliability testing and design verifica­
tion. Also, they can perform component 
failure analysis and thermal inspection 
of design prototypes. Using the COM6 
software package, a PC can be used for 
off-line storage, analysis, and compari­
son of thermal images previously cap­
tured by the 6000 system. 

The basic price of the Compix 6000 
thermal-imaging system with the 
COM6 software is $18,500. The magni­
fication-lens option package brings the 

Frankly Fenton, when I named 
you Manager of excess inventory, 
this isn't what I had in mind. 

price to $28,500. Existing systems can 
be retrofitted to add the magnification 
package. 

Compix Inc., 16195 S. W. 72nd St., 
Tigard, OR 97224-7766; (503) 639-
1934. W;@ll/,of,j 
• DAVID MALIN/AK 
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SOLID-STATE 
RELAY FAMILY 
OFFERS UPTO 
3750-V ISOLATION 

B y meeting or exceeding domes­
tic and international standards 
for input-to-output isolation, 

the LH1500 family of solid-state relays 
makes its case for being one of the most 
complete lineups of relays rated at 1 A 
or less. With isolation ratings of up to 

3750 V rms, the relays pass FCC 68.302 
and other regulatory voltage-surge re­
quirements when coupled with over­
voltage protection. The 21-product 
family continues the market trend to­
ward replacing electromechanical re­
lays with smaller, faster solid-state 
types. This trend, as exemplified by the 
LH1500 line, extends to applications in 
telecommunication, modems, security 
equipment, programmable controllers, 
instruments, and industrial controls. 

Among the 21 models are the most 
common relay forms: normally open (1 
Form A), normally closed (1 Form B), 
and various combinations, such as 1 
Form A/ B/ C, 2 Form A, dual Form A, 
and dual Form B. 

Within the relays, a GaAlAs diode is 
used for actuation control and an inte­
grated monolithic die provides the 
switch output. The BCDMOS die con­
tains a photodiode array, various 
switch-control circuits, and DMOS 
switches. The Form A/ B relays include 
break-before-make circuitry, which 
eliminates extra timing logic. 

In lots of 1000, the relays range in 
price from $2.60fora1 Form A to $4.75 
for a dual 1 Form B. Samples are avail­
able now with production quantities 
shipping in the fourth quarter. 

AT&T Microelectronics, Dept. 
52AL040420, 555 Union Blvd., Al­
len town, PA 18103; (800) 372-
244 7. 181;/Hll/:ll 
• DAVID MALIN/AK 

NEW PRODUCTS 

MLC SURGE SUPPRESSORS 
PROTECT LOGIC CIRCUITS 

Maximum continuous-voltage ratings 
from 3.5 to 68 V de are now available in 
the ML series of surface-mounted tran­
sient voltage suppressors. With 10 new 
multilayer ceramic devices, the series 
extends transient protection to logic­
level circuits (3.5 to 5.5 V), automotive 
(14 to 18 V), computer communication 
(26 V) , and telecommunication line 
cards using high-voltage circuits (33 to 
68 V). Typical pricing is 40 cents in lots 
of 100,000. Delivery is from stock. 

Harris Semiconductor, P. 0. Box 883, 
Melbourne, FL 32901; (800) 4-HAR· 
RIS, ext 1135. ldt&lfl:/:I 

MINIATURE FUSE 
MEETS IEC SPECS 
The gap between export versus domes­
tic circuit protection is narrower 
thanks to the MSF 250 microfuse. The 
device combines IEC blowing charac­
teristics with UL recognition. Short or 

;F • '~ 

-
long leads are available for pc-board 
mounting. Current ratings range from 
50 mA to 5 A with a breaking capacity 
of 35/ 50 A at 250 V. A 1-A fuse costs 28 
cents in lots of 1000. Delivery is from 
stock to eight weeks. 

Schurter Inc., P.O. Box 750158, Peta­
luma, CA 94975-0158,· (707) 778-
6311. 19J;IH/ff,o6'1 

Replace Your Strip Chart Recorder 
With New PC-Based Chart Recorder 

Low Cost -More Effective 

~IRhMlll il&.!Jl lElectronics Inc. 

6464 Hollister • Goleta, CA 93117 
(805) 685-7770 •FAX: (805) 685-5853 

• No paper purchase or storage cost 

• Transient or continuous recording 
• No mechanical moving parts - reliable 

• Direct measurernent of time, 
amplitude, area 

• Higher frequency response - to 1 MHz 

• Calibration and Engineering Unit 
conversion 

• Higher resolution: >0.1 % accuracy 

• Markers during acquisition 

• Portable or DC operation available 

• Anti-Aliasing Filter 
• Programmable Gain Amplifier 

• No programming required 

• Post-acquisition analysis of data 
(FFT, Digital Filters) 
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Bigger 
NEW PRODUCTS 

COMPUTER-AIDED ENGINEERING 

GRAPHICAL DESIGN CAPTURE AND 
MODELING EASES ANALOG DESIGN 

Designers using Analogy's Sa­
ber simulator can now quickly 
create schematics and simula­

tion models in a graphical environment. 
At the core of the graphical environ­
ment is Design Capture, which pro­
vides menus, drawing commands, and 
output formats tailored to the needs of 
analog designers. For example, design­
ers using the schematic product don't 
need to know a wide range of layout, 
packaging, and pin requirements, 
which are long-standing obstacles to 
quick creation of analog-circuit sche­
matics. In addition, voltages and values 
created during simulation are back-an­
notated to the schematic for easy ac­
cess and viewing. 

Design Capture is an enhanced ver­
sion of a commercial schematic-capture 
program. Its menus provide access to 
stimulus definition and common analog 
simulation analyses, such as de-operat­
ing-point, transient, and frequency 
analysis. Symbol libraries cover Analo­
gy's range of simulation models, in­
cluding electrical parts, mechanical ele­
ments, and control blocks. Users can 
access the Saber simulator directly. In 
addition, the Analogy system works 
with other systems, such as those of 
Mentor Graphics and Cadence Design 
Systems, by exporting and importing 
symbols and drawings through the 
company's graphical EDIF interface. 

Another new tool, Graphical Model 
Generator, eases the creation of simu­
lation models. Users can enter func­
tions without having to translate them 
into a modeling language. They choose 
symbols from the menus of Design 
Capture to place components or func-

TOOLKIT CUSTOMIZES 
PROCESS MANAGEMENT 
Project managers can customize pro­
cess-management functions in 
TeamOne System's TeamNet concur­
rent-engineering environment with the 
company's Process Automation Kit 
(PAK). PAK enables users to automate 
the flow of information between work 
groups, project leader, and corporate 
management. Engineers use object-ori­
ented data and process modeling to cus­
tomize the TeamN et environment with 
reusable process modules. They can 
construct applications, such as a navi­
gation system that tracks development 
processes and determines the next 
LECTRONIC DESI 
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tions in the schematics. Pop-up menus 
provide a means to enter the function of 
those components in standard math 
equations. The Graphical Model Gener­
ator translates the equations into a 
MAST model and automatically in­
cludes it in the simulation. MAST is 
Analogy's modeling language. 

The Graphical Model Generator 
helps designers describe components 
in three modeling domains, the time, s, 
and z domains . They describe time-do­
main models using non-linear and 
piece-wise differential functions, and 
enter the model equations in the s- and 
z-domains directly as rational polyno­
mials. Time- ands-domain functions ap­
pear on the schematic next to their sym­
bols. The resulting circuits can repre­
sent both conservative (electrical) and 
control (signal flow) circuits. 

Analogy's new environment, includ­
ing Design Capture and Graphical 
Model Generator, will be available by 
the end of this month on Unix worksta­
tions. Pricing starts at $1950. 

Analogy Inc., 9205 S. W Gemini Dr., 
Beaverton, OR 97005; (503) 626-
9700. IQV@llP/11 
• LISA MALINIAK 

steps required to build or release a 
product. The kit can automate process­
es, like sign-off requests, at each re­
lease level and dependency manage­
ment. In addition, PAK can be used to 
develop software that automatically 
generates bills of materials and build 
procedures. It can configure programs 
that relate cost and part data from 
MRP databases to the current design. 
PAK will be shipping by the end of the 
year. One kit will support an entire de­
velopment group, and will cost $45,000. 
The price also includes five days of on­
site training. 

TeamOne Systems Inc., 710 Lakeway 
Dr., Sunnyvale, CA 94086; (408) 730-
3500. IHl;IHllPll 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

TRANSPUTER-BASED SYSTEM 
MAXES OUT AT 400 GFLOPS 

Up to 400 GFLOPS of perfor­
mance can be supplied by the 
GC System, from Parsytec 

Inc., using from 64to16,384 T9000 tran­
sputers. The massively parallel com­
puter is suitable for such applications 
as climatic research and detailed long­
term weather forecasting, drug de­
sign, and fluid dynamics . 

Each T9000 transputer contains a 32-

REMOVABLE HARD DRIVE 
HOLDS 90 MBYTES 
Combining a 19-ms access time with a 
rugged, crash-resistant design, the 
Bernoulli 90 is a 90-Mbyte removable 
hard-disk drive that can transfer data 
at 20 Mb its/ s. Higher linear-density re­
cording is achieved by incorporating 
metal-particle media and metal-in-gap 
heads. A higher rotational speed and a 
high-performance head-actuator sys­
tem are responsible for the quick ac­
cess time. That time could further be 
cut to 13 ms by taking advantage of 
caching software. The drive comes 
with 32 kbytes of cache memory. An 
automatic head-cleaning feature elimi­
nates periodic cleaning, resulting in 
longer life and more reliable operation 
(60,000-hr MTBF). Four configurations 
of the Bernoulli 90 are available: two 5-
in ., half-height internal drives, an ac­
powered transportable unit, and a dual 
system with two drives in one case. The 
drives are completely read compatible 
with lowe r-capacity Bernoulli 44 
drives . All are available now. Prices 
run from $999 to $2249. 

Iomega Corp., 1821 W. 4000 South, 
Roy, UT84067;(801) 778-1000. 

IHl;@llPRI 

bit integer processor, a 64-bit floating­
point unit, a 16-kbyte cache memory, a 
communications processor, and four 
communication links. The transputer 
can reach levels of 200 MIPS and 25 
MFLOPS. 

The GC System is designed with a 
cluster-based multiple-instruction mul­
tiple-data (MIMD) architecture. Each 
cluster contains 17 transputers 
equipped with error-protected memory 
and four C104 wormhole routing chips. 
The system's building block is formed 
from 16 nodes, while the 17th node sup­
plies processor redundancy to ensure a 
backup in the event of a node fai lure. 

Communications between clusters is 
done through six data streams that of­
fer a 3D interconnection among clus­
ters. The data streams consist of 8 
T9000s to supply a throughput of 200 
Mbytes / s. Prices for a GC System start 
at $250,000 per GFLOP. Shipments will 
begin in the first quarter of next year. 

Parsgtec Inc., 245 W Roosevelt Rd., 
Bldg. 9, Unit 60161, West Chicago, 
IL 60185; (708) 293-9500. liiO&llttl 
• RICHARD NASS 

SP ARC WORK STATIONS 
FILL OUT LOW END 
Two systems have been released to ex­
tend and enhance Solbourne's desktop 
product line: the S4000DX and the 
S3000. The former is an enhancement 
of the S4000 workstation, designed 
with a 256-kbyte second-level cache 
memory to accelerate compute-inten­
sive electronic-design applications. The 
S3000 is a full-function transportable 
system that incorporates a 16-in. mono­
chrome plasma display that offers fast, 
CRT-like interaction. Weighing just 25 
lbs. and having a footprint of 18 by 7 in., 
the S3000 can be carried to remote loca­
tions. A range of configurations are 
available. A system containing 8 
Mbytes of system memory, a 500-
Mbyte hard disk drive, and a 3-1/ 2-in. 
floppy drive sells for $14,995. 

The S4000DX boasts performance 
specifications of 28.3 MIPS and 18.3 
SPECmarks. The system operates at 36 
MHz and offers a 256-kbyte second-lev­
el cache memory. Moreover, both work­
stations are 100% Spare compatible. 
S4000DX systems start at $9995. 

Solbourne Computer Inc., 1900 Pike 
Rd., Longmont, CO 80501; (303) 772-
3400. jj/V@llPAI 

Better 

BETTER BECAUSE IT'S SMALLER. 
Space is the first thing you save at PHM. 

You can expect a 1: 10 reduction in size with 
our hybrids, 1 :4 with surface-mount boards. 

BETTER BECAUSE IT'S FASTER. 
You also save time. Send us your design 
parameters and you ' ll get a prototype in 

4 to 6 weeks (sooner if you need a miracle). 

BETTER BECAUSE IT'S CHEAPER. 
Time is money - see above. A PHM 
prototype typically is less than $3,000. 

BETTER BECAUSE IT'S BETTER. 
Our products deliver exceptional 

performance and reliabi lity. 
That 's because we use only the latest 

techniques in design and manufacturing. 

BETTER GIVE US A CALL. 
See why companies like Tektronix, 

Motorola, RCA and Hewlett Packard 
come to us with their biggest problems. 
Call 1-800-622-5574 for a free quote 

or literature package. 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 

~ PACIFIC HYBRID 
~ MICROELECTRONICS 
We do snall miracles. 

Copyright © 1990 Pacific Hybrid Microelectronics 
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TOOOLKIT CREATES, EDITS, 
ANALYZES WAVEFORMS 

WaveForm DSP is a digital-signal pro­
cessing toolkit that allows PC users to 
capture, create, edit, or analyze wave­
shapes on the PC screen and then 
upload digitized versions to an arbi­
trary waveform generator. Users can 
create waveforms by any combination 
of drawing, mathematical expression, 
downloading from a digital oscillo­
scope, or inserting a waveform from a 
20-function library . Once created, 
waveforms can be added to the library 
for reuse. WaveForm DSP lets users 

NEW PRODUCTS 

manipulate, combine, or compare 
waveforms in the graphical Windows 
3.0 environment. 

The waveforms can be created, as 
well as edited, in the frequency or time 
domain. A waveform's frequency con­
tent is able to be viewed, analyzed, and 
edited, and then the waveform can be 
converted to the time domain with only 
a mouse click on a pull-down menu. 
WaveForm DSP costs $895, with deliv­
ery in 4 to 6 weeks. 

Wavetek San Diego Inc., 9045 Balboa 
Ave., San Diego, CA 92123; (800) 874-
4835 or(619)279-2200. lim&/fPh) 

DIGITAL OSCILLOSCOPE 
TESTS VIDEO SIGNALS 
The ODFA digital oscilloscope is in­
tended for the quality control of video 
signals in TV studios, and on TV trans­
mitters and receiving systems. Easy to 
operate because of softkey-controlled 
menus, the instrument is used for the 
display and automatic analysis of video 
signals, as well as for individual mea­
surements using cursors. The ODFA is 

a 10-bit signal analyzer for high-preci­
sion DSP and high-speed analysis. It 
features various automatic test rou­
tines required for commissioning and 
quality control of TV transmitters and 
receiving systems. 

The individual signals can be dis­
played on the flicker-free screen with 
high resolution (1/1000 of the display 
height and width). Thanks to digitiza­
tion of the test signals with subsequent 
storage and numerical processing, the 
instrument offers many advantages, 
such as: noise elimination from test sig­
nals by averaging; a no-parallax grati­
cule that is free from geometrical dis­
tortion; tolerance mask display; stor­
age of displays with text and scales; nu­
merical correction of inherent errors 
when used as a sweep video display 
unit; cursors for t iming, amplitude and 
frequency-response measurements; 
automatic analysis of video test-line pa­
rameters, and display of parameters in 
alphanumeric form . Price and availabil­
ity are given on request. 

Rohde & Schwarz, D-8000 Munich 80, 
P. 0. Box 80 14 69, Germany,· Phone: 
(0049)89 4129-2625. fill;@lfptf 

Test & Design Expo - Your Survival Guide for the '90s 

~ I 
In electronics manufacturing today, it's all about time-to-market. More and more 
test engineers and designers are working together to get a high-quality product 
in the customer's hands quickly, at a competitive price, that makes a profit. It's 
called concurrent engineering and it's what Test & Design Expo is all about. 

Test & Design Expo is a new exhibition and conference devoted to the 
concurrent engineering process. Engineers and managers will not only learn 
about design and test strategies such as design for manufacturing, boundary 
scan, and VXl/systems integration, but also see solutions right on the exhibit 
floor - from test equipment and instrumentation, to SMT testing, to CAD/CAE/ 
CAM, simulation, and design for testability technology. 

Sell your products, equipment, and services to buying teams of test and design 
professionals. 

Call Ed Martin today to reserve your exhibit space at 800/223-7126. 
1---------------------------------------------------------------v I 

/ : _YES! I am interested in exhibiting. Please send me an Exhibitor Prospectus. 

i _YES' I am interested in attending. Please send me more information. 

· · J ! Name Title 

-,/' \ :company _______________________ _ 

: Address 
~ I ------------------------~ 

~-~ t City State ___ Zip _______ _ 
Test & Design Expo 

May 12-1 4, 1992 
(Conference begins May 11) 

Garden State Convention Center 
Somerset, New Jersey 

Phone ________ _ Fax ____________ ~ 

Mail or fax to Miller Freeman Expositions, 1050 Commonwealth Avenue, Boston, 
MA 02215-1135. Phone: 617/232-3976 • 800/223-7126 • Fax: 617n30-5708 
Owned and produced by Miller Freeman Expositions. 
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RUN VGA GRAPHICS 
30XFASTER 
A family of high-resolution PC graph­
ics boards, with speeds up to 30 times 
faster than nonaccelerated VGA 
graphics controllers, is available for de­
signers of high-performance graphics 
systems. The GA2000 family comes 
with drivers for Microsoft Windows 
3.0, Presentation Manager 1.2 and 1.3, 
AutoCAD Release 11, X-Windows for 
Interactive Systems Architect Series, 
and the Santa Cruz Operation's Open 
Desktop. The boards support PC/ AT 
and Micro Channel buses and are con­
figured with a minimum of 512 kbytes 
of VRAM. Resolutions of 1024 by 768 
and 1280 by 1024 pixels with 16 or 256 
colors are available, along with refresh 
rates up to 72 Hz in the noninterlaced 
mode. The 16-color, 1024-by-768-pixel 
board sells for $795 and is available 
now. 

Spectragraphics, GSS Personal 
Graphics Div., SW Gemini Dr., Beaver­
ton, OR 97005; (503) 641-2200. 

11{/dHllPU 

NEW PRODUCTS 
COMPUTER BOARDS 

BOARD LETS MAC 
SOFTWARE RUN ON A PC 
Using Andor One, a PC add-in board, 
IBM PC users can run Apple Macintosh 
software on their PCs. The board is 
compatible with all types of PCs, from 
XTs to 486 models. Users switch be­
tween PC and Mac modes by simulta­
neously pressing both shift keys on the 
PC's keyboard. Once the board is in­
stalled, peripherals like the keyboard, 
mouse, video display, and hard and 
floppy disks can be accessed from the 
Mac software. In addition, the PC's 
floppy drive can directly read from and 
write to Mac disks . The board contains 
an AppleTalk-compatible RS-422 con­
nector so it can be linked directly to an 
Apple Laserwriter, LocalTalk, Phon­
enet, or other networking device. The 
accompanying software occupies 
about 60 kbytes of the PC's RAM. The 
board is available now and sells for 
$995. 

Hydra Systems Inc., 1340 South Sara­
toga-Sunnyvale Rd. No. 106, San Jose, 
CA 95129,"( 408) 253-5800. Ut&ll#I 

MINI PCBS ALLOW 
INNOVATIVE PACKAGES 
Using miniature modular pc boards, 
Dover Electronics has come up with an 
innovative method of packaging a 
386SX-based computer. The technique 
could be used for a notebook PC, an em­
bedded-control system, or some other 
type of mass-market computer. The 
company's Smart SIM CPU cards fit 
into a custom backplane in a three-di­
mensional fashion. The standard board 
size is 5.2by1.7 in. and can be stacked in 
the backplane on a 0.5-in. pitch. Custom 
sizes are available. The boards come 
with a 386SX processor, on-board VGA 
support for either LCDs or CRTs, an 
internal power supply, controllers for 
floppy and hard-disk drives, from 2 to 
16 Mbytes of RAM, one serial and two 
parallel ports, and keyboard and mouse 
controllers. Additional modules offer 
support for a network interface, a mo­
dem, or a SCSI port. 

Dover Electronics, 1198 Boston Ave., 
Longmont, CO 80501; (303) 772-
5933. liOi&ffptl 

The Superior VMEbus Analyzer 
Only VMETRO's VBT-321B and the Modular VMEbus Analyzer System 

offers a complete system solution to your development needs. 

• 100 MHZ TIMING: Waveforms and State listing shown 
on time correlated split screen. 
• Integrated VMEbus Anomaly Trigger (VBA T): Provides 
on-screen explicit violation messages. 
• Separate analysis of P2-busses: VSB, SCSI or user­
defined P2-bus analyzed simultaneously with VMEbus. 

• 256K deep Trace with dump to SCSI disk: For archival or 
post-processing. Continuous SCSI download while 
sampling also possible. 
• VMEbus Master and Slave simultaneously with VMEbus 
analysis: Implemented with VIC068 chip to provide real 
VME cycles. Powerful commands for test pattern 
generation. 

The VBT-321B Advanced VMEbus Analyzer with a proper piggyback 
module solves any kind of VMEbus development task. The piggyback 
functions are also available as standalone products, independent of the 
VBT-321B. 

To develop the best products, you need the best tools! 

VMETRO A/S 
Professor Birkelandsvei 24. P.O. Box 213 

Leirdal. I 011 Oslo I 0. Norway 
Phone: +47 2 322580 Fax: +47 2 322880 

UPIETRO 
The Bus Analyzer Specialist 
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VMETRO, INC. 
2500 Wilcrest, Suite 550 

Houston, Texas 77042 
Tel.: (713) 266-6430 Fax: (713) 266-6919 
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NEW LITERATURE 

TOUGH SEMICONDUCTORS 
Details on the G EC Plessey line of radi­
ation-hard and silicon-on-sapphire 
(SOS) integrated circuits are described 
in a 700-page data book. Products cov­
ered in the data book include RAMs up 
to 64 kbits, logic, 1553 protocol devices, 
29XX bit slice parts, and a range of 

MIL-STD 1750A microprocessors and 
peripherals. The company also offers 
SOS ASICs with up to 30,000 available 
gates. 

Marconi Circuit Technology Corp., 160 
Smith St, Farmingdale, NY 11735; 
(516) 293-8636, ext 596, Dale Wilson. 

f/V&lltt/JI 
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Make 
Tracks ... 
... to your nearest mail­
box and send for the lat­
est copy of the free 
Consumer Information 
Catalog. 

It lists about 200 free or 
low-cost government 
publications on topics like 
health, nutrition, careers, 
money management, and 
federal benefits. 

Take a step in the right 
direction and write today 
for the free Consumer 
Information Catalog. Just 
send your name and 
address to: 

Consumer Information Center 
Department MT 
Pueblo, Colorado 81009 

A public service of this publication and 
the Consumer Information Center of the 
U.S. Genera l Services Administration. 

The latest cata­
log of electrical 
power compo­
nents from 
Schurter Inc. 
gives details on 
such parts as 
fuses, fuse hold­
ers, connectors, 
power entry 
modules, and 
voltage selectors. It includes details on 
the company's recently acquired line of 
Feller PCC components, which en­
hances Schurter's offerings with 1-to-
20-A IEC 320 inlets, outlets, plugs, 
snap-in and chassis-mounted filtered 
power-entry modules, and the Felcom 
series of modular power-entry modules 
for custom configurations. 

Schurter Inc., P.O. Box 750158, Peta­
luma, CA 94975-0158; (707) 778-
6311. 18/;{8111111 

SWITCHMODE RECTIFIERS 
Details on the electrical specifications, 
operating characteristics, and design 
benefits of the TwinPack line of switch­
mode rectifier systems are presented in 
a 23-page condensed catalog from Pow­
er Conversion Products. The company 
is a manufacturer of power-conversion 
equipment and systems for the tele­
communications market. Among the 
covered products are system status 
and control panels, low-voltage discon­
nect panels, digital equalize panels, 
fuse panels, fuse alarm panels, bus 
bars, dc-to-ac static inverters, de-de 
converters, ringing generators, bat­
tery trays, relay racks, and a micropro­
cessor monitor. 

Power Conversion Products Inc., P.O. 
Box 380, Crystal Lake, IL 60014; (815) 
459-9100, Chris Seyer. ta/;&lltitl 

PC BOARD DESIGN 
The P-CAD line of products for the 
computer-aided design of printed-cir­
cuit boards is described in a six-page 
brochure from Cadam. Among the cov­
ered products are schematic capture 
software; a symbol library; analog and 
digital simulation tools; automatic, in­
teractive, and analytical placement 
tools; and routers. The brochure ex­
plains how the P-CAM line of integrat­
ed tools helps ensure design integrity 
with effective engineering-change-or­
der processing and complete design­
rule checking. 

Cadam, 1935 N. Buena Vista St, Bur­
bank, CA 91504; (408) 971-1300, Ray 
Turner. G/;@lft18I 
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POWER CONVERSION 
A very broad 
line of de-de con­
verter modules, 
ac-dc power sup-
plies and mod- -~ 
ules , benchtop ~~a_; 
and handheld 
calibrators, and 
miniature digi-
tal panel meters 
are described in a 148-page catalog 
from Datel. The catalog also includes a 
tutorial article on modern power-sup­
ply principles and practices, which 
gives details on some of the most recent 
innovations in power converter design. 

In addition to describing over 170 
power-conversion products, the cata­
log provides a complete overview of 
Datel's other products, which include 
data converters, data-acquisition sys­
tems, IBM PC/ XT/ AT analog and digi­
tal I/O boards, software, and printers. 

Date[ Inc., 11 Cabot Blvd., Mansfield, 
MA 02048; (508) 339-3000. l lf/;ldllii# 

CONTRACT 
MANUFACTURING 
A 12-page booklet from Philips Indus­
trial Electronics Company (PIEC), a 
supplier of contract manufacturing 
services, helps users decide whether 
using a contract manufacturer makes 
sense for a particular application. It 
also gives advice on selecting a con­
tract manufacturing company, and 
suggests what performance criteria to 
build into a contract with that compa­
ny. In addition, the booklet discusses 
how to define and document proce­
dures ahead of time, how to audit a con­
tract manufacturer, and the pricing of 
contract manufacturing services. 

Philips Industrial Electronics Co., 813 
S. Grandstaff Drive, Auburn, IN 
46706; (219) 925-8700. lill;&llitihi 

CORRECTIONS 
Two Product Features in our July 25 
issue had their photographs switched. 
The stories were "Modular Power Sup­
plies Offer Broad Flexibility" on page 
168, and "Data-Acquisition Boards 
Eliminate Aliasing" on page 175. Also, 
on p. 53 in the Electronic Design Re­
port, incorrect pricing was provided for 
the Harris HV1205 and HV2405 switch­
ing-regulator ICs. In quantities of 
1000, the former goes for $1.50 each 
(not $2.55), and the latter for $1.88 each 
(not $2.93). 

In the June 27 issue, p. 154, the New 
Product story for Micro Networks Inc. 
listed the wrong telephone number. It 
should have been (508) 852-5400. 

NEW LITERATURE 

VIDEO OPTICS 
The 1991 Video Optics Guide is a 70-
page full-color catalog on the Zoom 
6000 Video Microscope and related 
products. It includes extensive applica­
tions information with illustrations, 
and tutorial information: brief notes, 
guidelines, and a glossary. The Zoom 

6000 is an optical lens system that con­
nects to a video camera and television 
monitor to provide magnifications 
from 6.9X to 1350X. Working distances 
range from 1.5 to 12 inches. 

D.O. Industries Inc., 200 Commerce 
Dr., Rochester, NY 14623; (800) 828-
6778 or (716) 359-4000. lill;ldlli1it1 

The full-blown 81mulal0r is an adlllllon Gt 
the DEMO. You can load up to 84K of 
code and use 64K of XDATA space. You 
can program an "external environment" 
to interact with your code to simulate your 
target system. The emulator is the hard­
ware extension of the simulator! 

The 30MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivatives are supported! 

noHau 
CORPORATION 

Call Nohau's 24-hou~ 
information center to 
receive info on your 
FAX 408-378·2912 

51 E. Campbell Avenue, Campbell , CA 95008 
(408) 866-1820 • FAX (408) 378-7869 

Australia (02) 654 1873, Austr ia (0222) 38 76 38, Benelux + 31 1858-16133, Canada (514) 689-5889, 
Czechoslovakia 0202-2683, Denmark (42) 65 81 11 , Finland 90-452 1255, France (01)-69 41 28 01 , Germany 
08131 -25083, Great Britain 0962-73 31 40, Greece 01-862-9901 , Hungary (1) 117 6576, Israel (03) 48 48 
32, Italy (011) 771 00 10, Korea (02) 784 784 1, New Zealand (09) 392-464, Portugal 01-80 9518, Norway 
02-649050, Singapore (065) 284-6077, Spain (93) 217 2340, Sweden 040-9224 25, Switzerland (01) 740 41 05, 
Taiwan (02) 7640215, Thailand (02) 281 -9596, Yugoslavia 061 621066. 

SEE US AT EMBEDDED SYSTEMS CONFERENCE BOOTH # 316 
CIRCLE 182 FOR U.S. RESPONSE CIRCLE 183 FOR RESPONSE OUTSIDE THE U.S. 
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DIRECT CONNECTION ADS 
New Products/Services 

Presented By The Manufacturer. 
To Advertise, Call JEANIE GRIFFIN 

At 20! /393-6080 

"Tango-PCB PLUS is the most intuitive 
CAD program I've ever used." 

"The Tango-PCB PLUS 
circuit board design tool is 
light and simple. Its 
Windows™ -like interface is 
very easy to use. Tango does 
what I want it to do in the 
logical way it ought to be 

done. I heanily 
recommend it to 
others." 

Tango's feature-rich 
circuit board layout and 
autoroute packages offer 
high perfonnance and 
ease of use. Their 
affordable prices include 
great documentation and 
tech support and a 

111/No~rmmonds 
l'P, 1TWfH'f:b«11upmt!11/ 

money-back 
1.-.::::-:::"fi:::oc:::"~::____ guarantee. 

~uo® 
See fo r yourself Call today to order you r 
free PCB/Route evaluation package. 

800 488-0680 
619 ;;4- tOOO • FAX: 619 554-tOt9 

ACCEL Technologies, Inc. 
6825 Flanders Drive • San Diego, CA • 92 121 • USA 
Contactusfortherepresen1ati,eneartsl)'Ot1. 

ACCEL TECHNOLOGY CIRCLE 410 

II~ U ;{i] 111 I U ;l1IA ;1:1111I111 I~ ;II 
FOR THE PC $139.95 

• 2716 to 4 Meg 
• Programs 2764A In 1 o seconds 

16/32 bit split programming 
• Menu driven software 
• No personality modules required 

--VISA -
• Adapter for 8748, 49, 51 , 52, 55, TMS 7742, 27210, 

57C1024, and memory cards 
• 1 year warranty • 1 Oday money back guarantee 
• Made in the U.S.A. 

For more information, ca ll (91 6) 924-8037 
EMPDEMO.EXE avai lable BBS (916) 972-8042 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento, CA 95841 

(Monday - Fnday 8:00 a.m. • 5:00 p.m. PST) 

NEEDHAM'S ELECTRONICS CIRCLE 416 

DASP100 

100 MHz 
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 
* MULTI-CHANNEL CAPABILITY 

ALSO ASK ABOUT OUR DASP25! 

s~ 
357 N. Sheridan St. #119 
CORONA, CA 91720 
(71 4) 734-3001 
FAX (714) 734-4356 

SIGNATEC CIRCLE 413 

PCB MANUFACTURING 
DESIGN AND ARTWORK ! 

ALL YOUR CI RCUIT BOAR D NEEDS UNDER ONE ROOF 

PCB DESIGN 
• Backplanes 
• Impedance control 
• Analog and ECL 
• Surface mount 

PCB MANUFACTURING 
• 2 Day turn on multi-layers 
• Prototype and prod uction 
• One tooling charge for both 
• Turn-key assembled boards 

TECHNICAL ASSISTANCE 
• PCB design tips 
• Mfg cost cutt ing tips 
• Testing guidelines 
• We accept gerber data via 

modem (714) 970-5015 

CALL FOR A QUOTE ! 
A MAN UFACTURING, PCB DESIGN AND SUPPORT CENTER 

ll~·· MURRIETIA l,,.... I' CIRCUITS 
476 1 E. HUNTER AVE. ANAHEIM, CA. 92807 

TEL. (714) 970-2430 FAX: (714) 970-2406 

MURRIETIA CIRCUITS CIRCLE 412 

SIMPLIFY BOARD LAYOUT 
MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design. Now add more active 
devices with increased density in the same 
space, or design the same package on a 
smaller board. 
Send for your free information. 

ROGERS CORPORATION 
2400 S. Roosevelt St. 
Tempe, AZ. 85282. Phone: (602) 967-0624 
ROGERS CORP. CIRCLE 405 

ADS 

LEDTRONICS.INC. 
4009 PACIFIC C°"5T HWY. • ~ CA 90505 
TB." f2131 549-'1995 • FAX: f2131 54'"4820 • nJC: 4945454 

LEDTRONICS 

!EEE-488 an<l 
VX!bus Concrol, 
Darn Acquisi tion, 

1 ilysis 

• •~~ 

CIRCLE 408 

Instrument Control and Data Acquisition 
Free 1992 catalog of instrumentation products for PCs, work­
stations, and more. Features IEEE-488.2 interfaces and soft­
ware, plug-in data acquisition boards, VXlbus controllers, 
DSP hardware and software, and signal conditioning acces­
sories. Application software for complete acquisition, anal­
ysis, and presentation of data, including graphical interfaces. 
Application tutorials and training classes also detailed. 

National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730 
(512) 794-0100 (800) 433-3488 (U.S. and Canada) 
Fax: (512) 794-8411 

NATIONAL INSTRUMENTS CIRCLE 409 

PCXI 
INDUSTRIAL COMPUTERS 

EISA and AT bus, rackmount industrial computers 
Modular. interchangeable, multi-vendor industrial PCs 
Noise. em1ss1ons. power, ground . airflow & cooling are 
spec1f1ed & verifiable All PC functions, from CPU (286/ 
386/486) to power supplies. are enclosed & protected 
1n metal-shielded modules. with front panel connectors 

RAPID SYSTEMS 1!J: 2< 
206·54 7-8311 

RAPID SYSTEMS CIRCLE 432 
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NOISE REDUCTION FOR SMT-PLCCs 
Micro/Q® 3500SM family of surface mount capacitors 
designed to fit under PLCCs. Pads absorb GTE between 
board and device during soldering. Low inductance, 
0.5-0.6 nanoHenries. Choose Z5V or X7R dielectric. 
Tape and reel format available. Use under MPUs, DSPs, 
GSPs, FPPs, gate arrays, standard cells, fully custom 
ASICs. Send for your free sample. 
Rogers Corp. 
2400 S. Roosevelt St. Tempe, AZ 85282 
(602) 967-0624 

ROGERS CORP. 

e Status indicators 
e Output OV protection 
• InpuUOutput isolation 
• Short circuit current limiting 
e 110VAC/220VAC input voltage 
e Load regulation ±0.5% for +5V output 

CIRCLE 400 

• Output and current ratings can be customized 
e Battery condition sensing and charging circuitry 
e Line regulation ±0.2% max for +5V output over full 

input voltage range 
e Standard unit output: 5VDC @ 3A for 2 hours after AC 

power is removed 
• External battery connector allows unlimited backup 

times 
• Application examples from data acquisition 

sub-systems, to fixed site and mobile instrumentation, 
telecommunications, robotics, process control, portable 
equipment and computer memory battery backup 

(i>i>~J 
DIGITAL DATA SYSTEMS 

1551 N.W. 65th Avenue 
Fort Lauderdale, FL 33313 

Tel: 800-768-7811 
Fax: 305-581-1325 

DIGITAL DATA SYSTEM 

Full Line of PQFP Adapters 
• At the prototyping stage, use a PQFP Adapt-A-Board.'" 
Extends leads for easy wire wrapping. 
• For emulation, use an Adapt-A-Pod,'" like the one shown 
here for an 80386 PQFP package. Just plug and play. 
• For production testing, a Bug Katcher '" turns your PQFP 
into an IC so you can start testing-ASAP. 
• We stock all types of PQFP adapters. Quick turnaround on 
custom orders. Free Catalog. FJ~ 

Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone:408-982-0660 FAX:408-982-0664 
EMULATION TECHNOLOGY CIRCLE 406 

Interactive/Real-Time 
t--.. 
~ 

~ 
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Analog Circuit Simulation 
ECA-2 Electronic Circuit Analysis offers: • AC, DC, 
Transient, Fourier, and Temperature Analysis with 
Nominal , MonteCarlo and /or Worst-Case component 
values • Interactive or batch modes • Full nonlinear simula­
tion • Sine, Pulse, PWL, SFFM, and Exponential 
generators• IBM PC/Mac• Multiple plots• On-line real 
time graphics - 2 to 50 times tutu than SPICE • Over 
SCIO nodes • Advanced component parameters • Compo­
nent optimization sweeping • Full editing , built-in or ex­
ternal • New detailed 424 psge msnual 

Call for FREE DEMO! 

ilil 
Tatum Labs, Inc. 

3917 Research P1ri Dr. B-1 , Ann Arbor, Ml 48108 
313-663-8110 

TATUM LABS CIRCLE 426 

~ D!f:i·1,,;mwt.141u.1.;ta1C.1,cg 
5.1. T. & International 

Tone Detector 

M-984 is a low-power 
14-pin CMOS DIP that 
detects S.I.T.s (special 
information tones), 
OCC (other common 
carrier), dial tone (400 Hz), as well as many 
international call progress tones. 
• Single 5-volt supply needed 
• 3.58 MHz time base 
• 30 dB dynamic range 
• Tri-statable outputs 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

iCEL""CCNE® 
''i'MWU•Hllll[.]I~' 

In Telewm fnterfaa Compments 

Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

TELTONE CIRCLE 418 

GALs, PALCEs, 
EPROMs 

Combination Programmer 

• PILOT-GCE: 32-pin Logic/Memory Programmer 
• GALs, PALCEs, EPAOMs, EEPROMs, FLASH 
• GAL16V8, GAL20V8, GAL18V10, GAL22V10 
• PALCE16V8, PALCE20V8, PALCE22V10/4 
• 2716-27040, 28F020, 28F001, etc. 
• Industrial quality • $495-$795 

408-243-7000, 800-627-2456, Fax 408-736-2503 

• ~;'~~~~!:~~~~: 
ADVIN SYSTEMS CIRCLE 402 

ADS 

6809 SINGLE BOARD COMPUTER 
6809 MPU, 2 serial ports, 4 parallel ports, RAM, 
EPROM, real-time clock, watchdog timer, 44-pin 
4.5"X6.5" PCB. EXPANSION MODULES RAM, 
EPROM, CMOS RAM/battery, analog 1/0, serial 1/0 , 
parallel 1/0. counter/timer, IEEE-488, EPROM pro­
grammer, floppy disks, cassette, breadboard, key­
board/display. 

WINTEK CORPORATION, 
1801 South Street, Lafayette, IN 47904-2993 
(317) 448-1903 or (800) 7 42-6809 
WIN'rEK CIRCLE 422 

IF YOU DO 
TIMING DIAGRAMS 

YOU NEED TIMINGDESIGNER• 
!'> TimingOesigner is the fast, 
accurate way to draw and 
analyze timing diagrams. 
/'> Calculates timing margins 
and inslantly highlights timing 
violations. 
/'> Aulomalically generales 
complete, clear, standardized 
timing documentalion. 

CHRONOLOGY 

t. Runs under Windows ™3.0, 
which means it supports 
hundreds of prinlers, plotters, 
and graphics cards. 

Call 1-800-800-6494 to 
get a free demonstration. 

Chronology Corporation 
2721 152nd Ave. NE 
Redmond, WA 98052 

(206) 869-4227 Fax: (206) 869-4229 . -
CIRCLE 439 

GERBER 
TOOLKIT 

Control your PCB artwork. Only $199 
•View Gerber files on screen 
• Panelize on screen, cut costs 
•Plot Gerber files on your laser printer 
•Plus Mirror, Scan, & CR-add utilities 

Download Free Demo: GTD.EXE from 
BBS 315.471 .3961 (2400/1200,8,N, 1) 

Call: 315.478.0722, Fax: 315.475.8460 

• 

LOGICAL 
SYSTEMS 

LOGICAL SYSTEMS CIRCLE 434 
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• LEADING EDGE TECHNOLOGY • 
ECONOMICAL• COMPACT• POWERFUL 
The General Controls family of DRAGON DRIVERS TM will 
drive any rotary or linear stepper motor, providing total short 
circuit protection and currents up to 6 amperes per phase 
with 10 to 40 VDC or corresponding AC input. Models for 
2, 4 or 5 phase motors are avai lable with and without 
microprocessor indexers and bui lt-in power supplies. 

GENERAL CONTROLS ELECTRONICS, INC. 
2350 Brickvale Drive, Elk Grove Village, IL 60007 

PLEASE CALL: (800)5-DRAGON or (800)537-2466 

GENERAL CONTROLS CIRCLE 427 

Data 1/0 Wall Chart 
FAX us the name and serial number 

of your device programmer, and you' ll 
quali fy for a FREE copy of Data IIO®'s 
1991 Wall Chart, li sting more than 4,000 

devices in 12 device 
,---:-- L- '-_,_ categories. 
' ' ,----:$-:~.~~-t:> :.,~ .......... 

.................................... ~ ..... ~ ~ - .......... 
...... ........ -¥-,,,~~""' , , ... 
'~~c~. ,,' 

....... _, , 

*U.S. lisr price only. DATA.1/0 

DATA 1/0 CORP. 

Put a low cost CelsiClock® 
temperature monitor on any surface. 

C:>rporatlOl'I 

CIRCLE 419 

The temperature indicating spots tum pennanently black 
when the surface to which the CelsiClock® is affixed 
reaches the specific "switch" temperature level of that 
spot. Available in multiple sequenced temperature incre­
ments from 40°C up to 260°C. Free samples on inquiry. 

CELSI®, the reliable "Temperature Watchdog' from 

@fill[ Solder Absorbing Technology Inc., 
a Sp1ng Company 

144 Oakland St., Springfield, MA 011 OB 
(413) 7BB-6191 TOLL FREE (BOO) 62B-BB62 

FAX: (413) 7BB-0490 
SOLDER ABSORBING TECHNOLOGY CIRCLE 414 

_(tneSHIP'" 
For Safely Shipping and Transport ing your 

Circuit Components 

These double folded, crushproof, shock and vibfation resistant IC 
mailers with ESD protection are a low cost. time saving solutJon for 
transporting small quantities of components. Complete with bonded 
ant1-stat1c foam cushioning and high grade conductive foam inserts, 
they are available with and without EMVRFI loil lining. 

"""" '"' .!-"'.~~,,..,_ Feanies (~ 
ChtpSn1p'" IOO Standard $295 

5112"' • 3"•1112" 5S 26 ) 

''"""' $395 Ch1pSh1p'" l50 

Ch•pSl11p"" 900 s""""' ""' 6112" 1 4112* • 11·2" ,,. ro 19 12 

''"""' $495 Ch1pS~ip"' l5a 

iTOI P.O . Box 59 , Newlon Highlands, MA 02161 

TEL: (617) 332 - 1010 

iTOI ENTERPRISES CIRCLE 415 

To: Data 1/0 FAX#: (206) 869-7423 
Subject: My FREE Wall Chart 
Name: ______________ _ 

First M.I. Last 

Title:------------­

Company:-----------­

Address:-----------­

Mail Stop:----------­

City/State/Prov.:---------­

Zip/Postal Code:---------

Phone Number:(--->'------
Brand/model Area Code 

of my programmer**---------
Serial number __________ _ 

Or call l-800-3-DataIO (1-800-332-8246). 
** We'll accepr any brand 

of de\'ice programmer. 

DATA 1/0 CORP. 

DATA.1/0 
CIRCLE 420 

FOR "SHOE BOX" POWER SUPPLIES. 
NO ONE ELSE CAN FILL OUR SHOES_ 
SUPERMAX 1000 is an extraordinary 1000-
watt "shoe box" switching power .supply _of 
revolutionary small proportions . Designed with 
Power Factor Correction buih in. The smallest 
in its class. Includes Universal AC input; low 
AC line distortion per IEC 555-2; high MTBF; 
system air or self-cooling. Part of the MAX 
Senes from 160 W. NY T EL: 516 231-3366. 
800 223-TODD -- The 9 11 of power supplies. 

CIRCLE 421 FOR INFORMATION 
TODD CIRCLE 424 FOR AN EVALUATION UNIT 

ADS 

PROTEUS - UNIVERSAL 
DEVICE PROGRAMMER from $995 
• Programs virtually all Memory & Logic Oe•keson the market 
• 40 pins s tandard; Upgrndeahle intern;illy to 104 pi n s, :md via external 

adapter module to a to tal of 296 pins: DAC genernted programming voh:iges 
• Interfaces to any IBM-POXTIAT/PS2 •ia parallel port (cable included) 
• Optional snap-in palmtop PC for s1and-alone operation 
• User friendly menu driven software with built-in full screen memory, fuse 

m:ip and test editor; Fully integrated Algorit hm De•elopmenl En•ironmenl 
allows users to add parts to the device library or modify ex!sting devices 

• Powerful Macro Language allows for Batch Mode Opera tion 
• True State Machine Testing capability (all pins clocked simuhancously) 

: ~~~~:;~~r~g~~e~! f f\~~e~:~Qg~~~~,~~1/e~5~~;!~~~(u~~~~1:~~ l~z ~~)s) 
: ~f~!~r~e!:1~~1r~~k~f~ad~~~g1f~~~~~~~ito~se~~~e:1g;~l~~~r~~~ logic devices 
• True 100% ll ardlol'are Self-Ca~bration & Oi agnosl ics via built-in ND 

converter with 25mV resolu1ion 
• Device insertion de:ection (detects reversed and shifted insertions) 
• Adapte r Modules for GANG, PLCC, JEIDA Cards: Device Hand_ler ln!crfoce 

• trd~~;°T,aslt:r~lf~~; ~:~~~~~~~r~[!;,a~~~~~~:b~~~~~~~o;!~:1~a11on as 

~IC I VI SA I Ai\I EX Call today fordaJa~httul 

~
" B&C MICROSYSTEMS INC. 

· i 750 N. Pastoria An•., Sunnpa lc, CA 9-&086 USA 
" TEc,(408)730-55 11 FAX.(408)730·552 1 

B&C MICROSYSTEMS 

SMD PICOFUSE™ AVAILABLE 
FROM LITTELFUSE 

CIRCLE 404 

New PICO-SMD'" very fast-ac ting and Slo-Bio® 
surface mount fuses are available from Littelfuse, 
Inc. 

Available from 1/16- to 5 amperes, the fast-acti ng 
types have interrupting ratings of 50 amperes at 
125 VAC and 300 amperes at 125VDC. The Slo­
Bio types are available from 3/8- to 5 amperes with 
an interrupting rating of 50 amperes at 125VAC and 
DC. 

Call Littelfuse: 
(708) 824-0400 or FAX (708) 824-3024. 

Littelfuse" Inc. 
LITIELFUSE CIRCLE 425 

RELIABILITY 
PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliabilily of your 
syslem using the part stress procedure of MIL-HDBK-217E, and 
runs on the IBM PC and fu ll compatibles. Say goodbye lo 
ledious, time consuming, and error prone manual methods! 
RelCalc 2 is very easy to use, and features menu windows, 
library Junctions, global editing for what-ii? trials, and clear 
report formats. Try our Demo Package for $25. 

T-CUBED SYSTEMS, 31220 La Baya Drive # 110, Westlake 
Village, CA 91362. (818) 991 -0057 • FAX: (818) 991-1281 

T-CUBED SYSTEMS CIRCLE 417 



DIRECT CONNECTION 

PC DESIGN c;urnE TO 

CHIP SETS 
Save weeks of research! Personal Computer Design 
Guide describes over 80 chip sets from more than 40 
manufacturers. including the newest chips 1hat integrate 
the processor. Chips for desk-tops, lap-tops, 
workstations, and servers are included. Use the tables 
for comparisons and the data sheets for details. You even 
get the phone numbers to call. We also offer updates, and 
the first one is included in 1he purchase price! Personal 
Computer Design Guide is only $139. Semi-annual 
updates $49 each. 

FREE We II 1nLlude.1 frl'l'Lllp) of lht• poLkL't -
~ '1/Cd XT- \T Handbook h• ( "hoisser 

and Foster \\hl'n )OU order th1:-. puhlK.;11011 11 )OU 
tcll u-. 'dwre \OU ..,.t\\ this .ul 01 LOllfSl'. this S9 l)'; 

'.1lw: ,.., .1bo ,;, .ul.1hk h) 1lsl'll Or hu) 11\ L' or nH>fL' 

tor on!) 55 Oil c.ich 

800-462-1042 
619·27 1·9526 

Anna books 
FAX 619·592·0061 

Money.back guarantee 
121-'5 Alla Carmel Ct .• Suile 250 
San Diego. CA 92128 

ANNABOOKS 

FREE! 
100-PAGE 
CATALOG! 
Our new catalog is 
filled with great buys 
on thousands of 
computer products! 

CIRCLE 438 

•PCs •Motherboards •Monitors •Drives 
•Keyboards •Modems •Cables and 
Connectors •Printers •Software 
•Programmers •Prototyping products 
·Test equipment •ICs and Much more! 

Call for a free 100-pg. catalog Key 
Code 
1520 800-538-5000 

JDR 

Little Giant™ 
New\ Tiny Giant™ 

CIRCLE 440 

C Programmable Controllers 

We have miniature 
controllers with 
parallel 1/0 , solen­
oid drivers , AI D 
and D/A convert­
ers, clock, watch­
dog, LCD inter­
face, RS485serial, 
built -in power 
supply and much more! Use them to control 
anything. Our $195 interactive Dynamic C™ devel· 
opmentsystem makes software development easy. 
These units have high performance and serious 
software support. We also have design-your·own· 
board core modules as low as $59. 

Z-World Engineering 
1340 Covell Blvd ., Davis, CA 95616 USA 

(916) 753-3722 
Regular Fax: (916) 753·5141 

Automatic Fax: (916) 753-0618 
(Call from your fax , hear computer voice, use 

touchtone dial to request desired data sheets.) 

Z·WORLD ENGINEERING CIRCLE 423 

High Performance 
Lexan® FR700 Film 

For Barrier Insulation 
• UL94 V-0 rated at .010" • High heat resistance of 
275° F • Excellent dielectric strength • Easy 
fabrication-sharp folds , intricate die-cut shapes • 
Competitively priced • Call for free information: 
(800) 451-3147 

9 GE Plastics 
Structured Products 

e Registered Trademark ol GE. 

GE PLASTICS CIRCLE 407 

AUlOSCOPE INC. MODEL800 

PROGRAMMABLE MULTIPLEXER PROBE 
• de to >400 MHz bandwidth (-3db); <800 ps Rise Time 
• 8 Channel to 1 multiplexer with 1nd1v1dual lead and probe tip 

connector for each channel. 
• 1 M ohms input resistance: Drives 50 ohms load. 
• :t20V 1npul dynamic range; 20X attenuation 
• Front panel channel selecllon controls and indicators. 
• Remote programmable through BCD (TTUrelay) or AS232C 
• Optional IEEE488 mullt·probes programmer-multiplexer 

(model 400) controls up to 4 multiplexer probes; Bu 1ld·in 4 to 1 
MUX can be used to expand the mull1plexer·tree to 32 channels. 

• Includes re-configu rable connector set for mullt·channel 
connections in one single action 

• Includes AC lo DC probe power supply. 
• Price for the model 800 multiplexer probe 1s $730. 
• Pnce for the model 400 mult1·probes programmer 1s $680 
• Delivery 1s approx. 8 weeks ARO. 

897 Independence Ave ., Bldg.4#D, Mountain View, CA94043 
Phone: (415) 69J.0618 / Fax (415) 69 1·0619 

AUTOSCOPE CIRCLE 433 

Free Circular Connector 
Catalog from LEMO 

LEMO's new cir­
cular connector 
catalog high­
lights expanded 
shell and insert 
designs. Insert 
configurations 
are available in 
single, multi or 
mixed designs 
including signal , coaxial, triaxial , high 
voltage, fiber optic and fluidic/ 
pneumatic. Shell styles are available in 
standard chrome plated brass , 
anodized aluminum , plastic or 
stainless steel. 

~ lt€1/l.R!f.f1il,'l.fi~ 
P.O. Box 11488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO Fax (707) 578-0869 
LEMO CIRCLE 436 

ADS 

FREEi 
120 

Page 
Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of "Off-the­
Shelf" optical components. Lenses, prisms, mir­
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro­
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina , CA 91722 , 
(818) 915-5707 & (818) 915-5717. TELEX: 67-
0380. FAX: (818) 915-1379. 

ROLYN OPTICS CIRCLE 430 

CodeT AP'" 386 is the first source-leve l 
run-time debugging tool for 80386 DX and 
SX embedded systems. And priced so every 
one on your software team can have one. 
• Real-time transparent execution to 33MHz. 
• Debugs in protected , real and virtual 
8086 modes - as well as most popular 
symbol formats - with single-stepping 
between modes. • Features VALIDATE®/ 
Soft-Scope IIl®386 for source-and assembly­
level debugging. • Powerful mouse-driven 
interface. • Price: $4995 (DX) $5995 (SX) 

For derails or a 
demonstration, call 
1-800-343-3659 (in 
WA, 206-882-2000). 
Cl J 991. Applied Microsystems 
Corp., 5020 J48tb Ave. NE., 
P.O. Bax 97002. Rl'dmond, 
WA 98073-9"1()2. AMC-44 

111111111 

Applied 
Microsystems 
Corporation 
Where ii all comes together. 

APPLIED MICROSYSTEMS CORP. CIRCLE 431 

NEW. 
1~~ , 

~\ ~1. CATALOGON 
~~ MATRIX 
"~ 'f SWITCHING 
~ ~ • tlC)WllS MODULES 
~~~SlllUI' ... 
• ~ dl 
:~ ~1.'i!:"·~ -~ 
·~ .. Over 50 data sheets arranged 1n a convenient 

spiral binder provides descriptions, photos, 
specifications and interconnections on broad­
band reed relay and solid state switching mod­
ules, matrices & systems. Audio, video and RF 
inputs are compatible with RS-232, RS-422, 
IEEE-488, 16 bit parallel, and the new VXI bus. 
MATRIX SYSTEMS CORPORATION 
5177 North Douglas Fir Road, Calabasas, CA 91302 
Phone: 818-222·2301 Fax: 818-222-2304 

MATRIX CIRCLE 450 



SPDT switches with built-in driver 
absor~tive or reflective de to 5GHz 

Truly incredible ... superfast 3nsec GaAs SPOT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from on ly $19.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits' latest innovative integrated components? 

Check the outstanding performance of these units ... high isolation, 
excellent return loss (even in the "off" state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices 
operate over a -55° to +100° C span. Plug-in models are 

SPECIFICATIONS 
Price (1-9 qty) YSW-2-50DR (pin) 

ZYSW-2-50DR (connector) 

YSWA-2-50DR (pin) 
lYSWA-2-50DR (connector) 

Frequency, (MHz) 

Insert ion loss, 1yp(dB) 
Isolation, typ (dB) 

1 dB compression, typ 
(dBm@ in port) 

50 100 

65 54 
63 60 

dc-
500 

0.9 1.1 
50 

42 
20 18 

1000 

37 
37 

Reflective 

Absorptive 

500-
2000 

$19.95 
$59.95 

$23.95 
$69.95 

2000-
5000 

1.3 
40 

1.4 1.4 1.9 

20 
31 
20 

28 
20 

24 22.5 
housed in a tiny plastic case and are available in tape­
and-reel format (1500 units max, 24mm). All models 
are available for immediate delivery with a one-year 
guarantee. RF input, max dBm 22 22 26 

finding new ways. .. 0~~~ ~~~:ri~ough 1r;:~~ l port) . 
24

113ai) 
13i5 1 ~6 

setting higher standards 10 RF, typ(mV p-p) t:::J Mini•CirCUitS swi1ch ingspeed.typ(nsec) 130 3.o 30 3.o 3.o 

P 0. Box 350166, Brooklyn , New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes 6852844 or 620156 

1.5 
30 

3.0 

CIRCLE 166 FOR U.S. RESPONSE CIRCLE 167 FOR RESPONSE OUTSIDE THE U.S. F141 REV BM 



PAL™ 22V 10: 7.5ns. 
World's fastest programmable 22V10. 
Here is the logic for high-performance systems 
running up to 111 MHz. Set-up is just 3 ns. Fast 
logic for fast systems. You get the same high 
speed and low noise with the 22VP10. It offers 
additional flexibility, including an I/O feedback path 
to accelerate state machine applications. 

BiCMOS. The first Bi CMOS 22V10, from the company 
that delivered the first CMOS 22V10. ECL core path for 
record-setting performance. CMOS logic outside the 
speed path, for low power. The speed of smaller PLDs, 
the convenience of the popular, flexible 22Vl 0 
and field programmable too. 

*l (800) 833-0306 in Canada. (32) 2-652-0270 in Europe. ©1991 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone: 
1- (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
Trademarks: PAL, Advanced Micro Devices, Inc. MAX, Alte ra Corporation. 

Broad 22V10 PLD family and more. Cypress's 
15 ns CMOS 22V10 consumes less power than 
any electrically erasable alternative. It's just one 
of a broad range of low-power CMOS PLDs. Also 
get 28-pin applications-tailored PLDs, and our 
high-capacity MAX™ PLDs too. 

Call Today. Order our PLD Kit 
and we'll ship it right away. Why wait? 

Hotline: 1-800-952-6300. * 
Ask for Dept. C3Q. 


