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When World Class Precision
and Performance Are Required

Highest precision available with 10 1V input offset voltage
from Raytheon.

Raytheon’s RC4077 Series high-precision
op amp family offers the highest perfor-
mance in the industry. Looking for the
lowest input offset voltage—Raytheon
has it. The lowest power dissipation—
Raytheon has it. The 4077 Series can
upgrade your system to new heights of
precision and performance. You can
depend on Raytheon’s reliability and
advanced design techniques to enhance
your system.

Ultimate precision: + 10 pV maxi-
mum guaranteed input offset voltage,
delivered in a variety of package types
including low-cost commerecial plastic
DIPs, sets the RC4077 series apart
from other precision op amps. No mono-
lithic op amp—except noisy chopper-
stabilized types—has better Vs perfor-

mance. Additionally Raytheon offers an
8-lead SOIC specified at =25 pV.

Well balanced specs:
Ig: 2 nA maximum
Gain: 5 million minimum
Power dissipation: 50 mW maximum
CMRR: 120 dB minimum
PSRR: 110 dB minimum

(] Companion product: Raytheon’s
LT1001 high-precision, high-perfor-
mance op amp follows RC4077’s lead
with a very low 15 pV offset voltage.
The LT1001 offers 2 nA offset current
and gain of .45 million minimum.

[] No wait: The RC4077, LT1001 and
other members of Raytheon’s broad line
of op amps are available now from your
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local distributor. The RC4077 with
10 wV offset is priced at $3.00 each in
100-piece quantities.

Call Raytheon for access to the right
operational amplifier technology at
the right price. We offer the precision
and performance your system needs
to compete.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
415/966-7716

Access to the right technology

Raytheon
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Ziatech’s NEC V50-based single board computer, the
ZT 8816, packages the features of several STD boards into a
unique, dual-sided surface-mount design. The ZT 8816
tackles demanding industrial applications with a 16-bit
data bus, an 832K on-board memory capacity, a real-time
battery-backed clock, AC/DC power-fail protection, DMA
controller, an interrupt controller, two serial channels, and
three counter-timers.

S S ’

FOI ch rest 07‘ Hw story...
1 Free Technical Brochure

| Call today for the ZT 8816 Technical Data Sheet and the 24-

| page STD DOS Technical Brochure. With more information
on what the ZT 8816 can do for your industrial application,
you may start seeing the Ziatech side of the story.

|
s (805) 541-0488

The ZT 8816 is more than just the most advanced STD Bus
computer hardware on the market today. It is designed to
operate PC DOS or ROM-based user programs such as the
VRTX multitasking kernel. Development tools are available
to provide a large range of target system software architec-
tures. STD DOS V50 on the ZT 8816 delivers IBM AT per-
formance and compatibility with optional networking,
EGA video, disk and bubble memory subsystems, multi-
processing, and a device driver library. Ziatech’s exclusive
Virtual System Console supports easy development
through a host PC by transparent resource sharing.

=[llzAaTECH

CORPORATION

3433 Roberto Court

San Luis Obispo, California 93401 USA
ITT Telex 4992316

FAX (805) 541-5088

Telephone (805) 541-0488

M E M B E R

STD MANUFACTURER'S GROUP |
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WHY UTG? ASK THE
VME GONSORTIUM.

“For a bunch of companies
that don't always agree on
everything, we sure were
unanimous on VTC.”

The VME Consortium needed an economical, yet highly
functional VME bus interface chip, to minimize design time
... and to help raise the VME standard to higher levels.

“We looked at the leading suppliers,” said Joe Ramunni,
consortium chairman (and president of Mizar), “and VTC came
out on top. Their CMOS standard-cell ASIC approach gave us
the high drive capability we needed, optimized for bus inter-
facing. And, it proved much more cost-effective, with higher
performance, than gate array technology.”

The VME Consortium is made up of such firms as Plessey
Microsystems, Omnibyte Corporation, Mizar Inc., Ironics Inc.,
Heurikon Corporation, Matrix Corporation, and Clearpoint Inc.,
among others. What did they look for in a supplier?

“We needed a credible business partner,” said Ramunni, “with a
proven track record, who could provide a turnkey package . . . both
design and fab. A supplier that could produce in quantity, and provide
technical support to the market at large.

"“We also needed a firm with an international marketing structure,
because we expect this chip to be the de facto standard worldwide.

“But, we needed peaple we could work with, too. VTC had the right
‘comfort factor’.”

Jack Regula, consortium technical director (and VP-R&D, Ironics)
added: ‘Our requirements for high speed, high gate-count, low power
consumption, and VME bus drive capability were all met well with VTC's
1-micron CMOS standard cell library. And we were extremely impressed
with VTC's facilities, its people, and its customer list.”

In the future, the VME bus chip (VIC) will become a standard cell within
VTC’s CMOS library, to allow customers to further customize the chip.

Shouldn't you be getting to know VTC, too? You'll be in good company
when you do. Call or write us today, and we'll send you our short-form
product catalog, which describes our product offerings in linear signal
processing, high-speed CMOS logic, mass storage ICs, bipolar ASIC, and
CMOS ASIC.

VTC Incorporated, 2401 East 86th Street, Bloomington, MN 55420.
(In Minnesota, 612/851-5200.) Telex 857113.

CALL 1-800-VTC-VLSI

"'/"'" ‘\

VTC Incorporated
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Side by side comparison of
our data logger and theirs.

Wavetek has brought an
exciting new dimension to data
logging—small. Our Series 50 Data
Logger is a fraction the size and
considerably less expensive than
the one on the right. And our data
logger is light enough to be easily
carried by mere mortals. When
you compare the rest of the
features, the competition drops
right out of sight.

For instance, the Series 50
Data Logger scans 260 channels,
provides digital and stripchart
printouts and can operate on its
internal battery for days, storing

© Copyright 1988 Wavetek Corporation
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up to 100,000 readings in non-
volatile memory.
Even more amazing is what

the Series 50 measures, including:

= DC Volts and true RMS

AC Volts
= Temperatures, 6 Thermo-
couple Types, °C, °F, °K
AC/DC Current
DC Watts, AC Volt-Amperes
dBw, dBm
Frequency and Period
Pulse Width, Time Interval
Events (Counter)
Resistance and Continuity
Diode Junction Voltage

All are STANDARD FEATURES,
not options! In addition, there are
four independent A/D converters,
so you can make four different types
of measurements simultaneously.

We could go on for pages, but
rather than weigh you down with
specifications, we'd rather show
you how Series 50 will make your
job easier. Please call, or write for
our brochure. Wavetek San Diego,
Inc., P.O. Box 85265, San Diego,
CA 92138. Tel. (619) 279-2200;
TWX 910-335-2007.

WAVETEK




Smart power supply
designers get more with less.

Five new
high-voltage
switchmode ICs
for more efficient
high-frequency
pOWEr conversion.
1to20W at >80%
efficiency.

Smart power supply designers want to get more with less. You
want more power— with less supply current, travelling through
fewer parts, over minimized board space. That’s why we have
SMARTPOWER solutions such as switchmode devices that con-
vert high-voltage, unregulated DC to low-voltage output.

Our proprietary D/CMOS process makes it possible to integrate
all of the active components in a DC/DC converter. The result—
reduced design cost and increased system functionality.

The high-performance features of these products are embed-
ded in the Siliconix’ SMARTPOWER core architecture. Adapting
this core to meet specific application requirements, Siliconix can
meet your power conversion needs.

These switchmode

DEVICE  DESCRIPTION Z?WC;S i ideal for
Si9100/01  High-voltage (10~70 V) switch- e ’[ HHeap ;’Wer

mode regulator with on-chip supples in telecom

150 V, 5 @ MOSFET switch applications such as
519102 High-voltage (10-120 V) switch- ~ /SDN and PBX systems,

mode regulator with on-chip as well as industrial
Si9110/11  High-voltage (10-120 V) switch- and avionics

mme cof“m"er with hlgh-speed, Systems_

source-sirk output drive

Call 1 (800) 554-5565, Ext. 636 for a free sample. e

Dial our toll-free hot line now! Ask for your free Power ‘
Conversion Design Kit. It includes your sample, data sheets

and application notes.

IF Siliconix

2201 Laurelwood Road, Santa Clara, CA 95054 © 1988 Siliconix, Inc.
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On the cover: Part 1 of EDN’s Product
Showease No 27 puts products in their
places. Staff-written articles lead off each
product section and cover various topics:
the advantages of using curvent-feedback
op amps (pg 84); high-power supplics and
the question of cfficicncy (py 162); design
considerations in the use of mudtilover
backplanes (pg 208); and the need for
cross-development software tools (py 252).
(Photography by Dana Sigall; art direc-
tion by Kathleen Rul)

vera AP ¥4

DESIGN FEATURES
Integrated Circuits

Current-feedback op amps 84
ease high-speed circuit design

Because they’re free from gain-bandwidth limitations, current-

teedback op amps excel in high-frequency and fast-settling circuitry.
The latest models also achieve a fair amount of de accuracy without
sacrificing speed—an important consideration when vou're designing
high-frequency circuits such as tlash A/D converters.—Peter Harold,
European Editor

Power Sources

High-power switching supplies 162

stress efficiency

Manufacturers of high-power supplics tend to emphasize cfficiency
over other performance considerations. Most of these supplies operate
at frequencies well below 100 kHz and use half= or tull-bridge circuits.
Yet some manufacturers are shifting to higher trequencices and to the
use of power MOSFETS instead of bipolar transistors.—Dave Pryee,
Associate Editor

Hardware and Interconnect Devices

Multilayer backplanes require 208

careful design specs

Dense, multilaver backplanes are necessary for connecting today’s
heavily populated daughter boards. But to get the highest pertor-
mance out of vour svstem, vou have to keep in mind design considera-
tions that reduce noise and prevent transmission degradation.—/ D
Mosley, Regional Editor

Software

Integrated tool sets simplify 252

software cross-development

The prevalence of various types of workstations has not only
automated some software-development tasks—it’s also created a need
tor sophisticated cross-development tools. Using these packages, vou
can now write software more casily and cthiciently for embedded
svstems or for structurally dissimilar uPs.—Chris “lerry, Assoczate Editor

Continued on page 7
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Fluke breaks the old mold.

The Fluke 37. A bold new shape And, how many other $249 bench
emerges with more features for the  meters give you these features? Min-Max
money than any other bench DMM. recording, for monitoring signals. 38
Period. components dedicated exclusively to input

Dollar for dollar, the new Fluke 37 is protection. Relative mode, to help you cal-
unbeatable. In addition to its breakthrough  culate changes in readings. And Fluke's
design — with built-in handle and storage  patented Touch Hold, to give you an extra
compartment — it has all the high-perform-  set of hands when you're taking critical
ance features of the world’s best, most measurements.

reliable 31 digit DMMs. None. Not at $249. Not at any price.
Autoranging, to eliminate guesswork. For your nearest distributor or a free
Audible Continuity, so you don't have to brochure, call toll-free anytime FLUKE 37
look at the display. Anexclusive analog ~ 1-800-44-FLUKE, Ext. 33. o
and digital display, for the best view of 0.1% basi dc accuracy
the signal being measured. Superior EMI e
shielding. And user-friendly features like 30 kHz AC bandwidth

auto self-test, auto battery testand auto-  FROM THE WORLD LEADER Fuser] 104 Range

Integral handle, storage compartment

polarity. All this, plus atwo-year warranty.  IN DIGITAL MULTIMETERS. 2-year waranty

*Suggested U.S. list price, effective January 1,1988.

FLUKE

John Fluke Mfg. Co., Inc. P.0. Box C9090, M/S 250C, Everett, WA 98206. Sales (206) 356-5400. Other: (206) 347-6100 ®
© Copyright 1988 John Fluke Mfg. Co., Inc. All rights reserved. Ad No 0181-F37
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Product coverage in this issuc bonins
with a review of 1Cs and semiconductors
(pr 100). Covere contines with reviens
of power sources (p 174), hardware and
interconnect deviees (py 219), and soft-
ware (py 200).

EDN magazinc
now offers
Express Request,
a convenient way
to retrieve product
information by
phone. Sce the
Reader Service
Card in the front
tor details on how
to usc this free
SCIVICC.

EXpressi| |||
Request

PRODUCT UPDATE

Microcontroller chip 67
Sequential-sampling digital scope 68
PRODUCT REVIEWS

Integrated Circuits 100
Power Sources 174
Hardware and Interconnect Devices 219
Software 260
DESIGN IDEAS

Latched bus provides foolproof 1/0 276
State machine controls PLD programming 277
Watchdog timer avoids pP overhead 278
Flip-flop multiplies input frequency 279
Flip-flops arbitrate shared resource 280
LITERATURE

Computers and Peripherals 285
Components 287
Instruments 289
Computer-Aided Engineering 291

Continued on page 9
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We’ve Invented the Future of

Instrumentation Software . . . Twice.
With Words With Pictures
Acquisition

Integrated libraries for GPIB, RS-232, A/D-D/A-DIO plug-in cards,
and modular instruments.

Intuitive character-based function panels Front panel user interface with virtual
that automatically generate source code. instrument block diagram programming.
1 ®
Analysis

Extensive libraries for data reduction, digital signal processing, and
statistical analysis.

Over 100 analysis functions plus all the Over 250 icons for computation and
built-in functions of your language. analysis.
= Y ¢
Presentation

Flexible high-performance graphics and report generation.

e IR =
i~ ? AR Y]

uuuuuuuuuuu

Extensive graphics support for CGA, EGA, Macintosh Desktop Publishing compatibility.
MCGA, VGA, and Hercules.

The Software is the Instrument

7 NATIONAL LabVIEW©—
I"STB““E“TS ™ for the Apple Macintosh

Circle No. 68 for Lab view

LabWindows™—
for the DOS-based PC and PS/2,
with Microsoft QuickBASIC or C.

Circle No. 69 for Lab windows

12109 Technology Boulevard
Austin, Texas 78727-6204
800/531-4742 512/250-9119
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A product-oriented design aid

To save vou time in vour cftorts to keep current,
surveved the new-product ofterings trom thousands of companics,
screening and sclecting only the most significant of thosc ofterings in-

troduced in the last six months. We present our

the best—in a format devised to make vour product sclection as casy as
possible. You can keep this Product Showcase as a reference until the
next one that covers these tour key product arcas appears in December.

EDN’s editors have

tfindings—the best of
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This year, you'l
hear alot of claims
that“systems’
design automation

hasarrived.
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At Mentor Graphics,

we know better. And
so do our customers.

Skeptical about “systems” electronic

design automation?

You should be. Because in many cases, it’s a
triumph of form over content. Look behind the
facade of so-called “systems” design automation
tools, and you'll find little substance, if any.

Buy into this kind of systems design methodol-
ogy, and you're participating in a very costly experi-
ment. With highly uncertain results.

They preach. We practice.

There’s only one practical yardstick for evaluat-
ing a systems design solution. And that’s how
many successful products it has produced. Apply
this measure and the field narrows dramatically.
Essentially, down to a single vendor.

Mentor Graphics.

For over five years, our customers have been
turning out sophisticated board products with our
EDA tool set. Repeatedly.

Test their claims.

Some interesting (and essential) questions you
should ask potential EDA vendors:

Does your tool set have a common database
and user interface? Does it extend from design
definition through completed PCB
layout?

Does your workstation lead the
industry in ASIC library support?
Can you include ASICs in board
simulations?

Can your tools manage 1000-
page product documentation
projects? Have you integrated
mechanical packaging and analysis
into the electronic design and lay-
out process?

Anything less than a perfect
score is a total loss. Perfect means
each item must be backed with
the production-proven per-
formance only Mentor
Graphics can provide.

This 32-bit pro-
cessor board was
designed and
simulated on
Mentor Graphics
workstations by
Sequent Computer
Systems for its
multi-processor .
Symmetry computer §
system. It contains
over 175 IC compo-
nents including ;
80386 processors, a
14,000-gate stand-
ard cell and two
10,000-gate arrays. |
By simulating at the /S8
board level, Sequent =
was able to bypass
breadboarding and
proceed directly

to fabrication
prototype.

WEITEK
T95.060.602

WEITEK

Experience makes the difference.

When we speak about systems design automa-
tion, we speak from experience. We have the
largest customer base in the industry, and with
good reason. Over 70 % are repeat customers
who've realized genuine value added from our
products and seek to expand their competitive
advantage.

To be continued.

So much for the present. We're already develop-
ing new EDA tools for systems design that will
extend to every dimension of electronic product
development. From high-level systems descrip-
tions to CASE. It’s what our customers expect. It’s
what we'll deliver.

It’s all part of a
vision unique to Mentor
Graphics, the leader in
electronic design auto-
mation. Let us show
you where this vision
can take you.

Call us toll-free for
an overview brochure
and the number of your
nearest sales office.

Phone 1-800-547-
7390. (In Oregon,
call 284-7357).
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Noonecan so

but we solve

Everyone thought gate arrays
would be a great solution to their
semi-custom design needs. Then
they designed one and discovered
that “semi-custom’” translated

INto’ expenswe time consum-
ing” and “risky”

The solution to the solution.

Meet the Logic Cell” Array—
the first Programmable Gate Array.
It's a high density CMOS chip of un-
matched technology that's user pro-
grammable where it's easiest for you
to program—in software.

Your development cycle is cut
to a week or two instead of six
months. So you can get your product
to market that much sooner.

12

desugn in hardware And if you need

PGAs let you spot system prob-
lems before they become a real
headache. No more =
risking large sums Of S
money and time A

to verify your

to change your design you candoitin
amatter of minutes. Not months. And
you wont have to spend any more
money.

9000 ways to get ahead

of schedule.

The Am2000 series has densit-
ies from 1000 to 2000 usable gates
and the Am3000 series has densities
from 2000 to 9000 usable gates. With
those densities (well have even high-
er densities later), you need fewer
parts to get the same functions as

EDN July 7, 1988




ve the problem,
dthe solution.
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EPLDs or discrete logic. Even overnight.
There is no other PGA technol- See for yourself.
ogy available today And over 5000 Contact us for a free diskette
designers are already using it. that gives you a detailed product
Even getting started is easy. overview, an interactive session

Your investment is minimal.You  where you can plug in your own de-
don't have to finance months of NRE.  sign criteria and find out how PGAs
You can get started for the price of a  can help your design. Part of the PGA
PC (which you probably already have)  development software is included so
and some software. you can get started saving time and

PGAs are the epitome of the money right away.
justin-time product. They are the Just call (800) 222-9323. Or drop
only gate arrays stocked in produc-  us a line.
tion q#antities at your disltributor.

And they're programmable instantly Advanced Micro Devices 1

Which means you can go from design o i i e
to production as fast as you need to. R i e i sl B e
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The highest performance
development tools.

Now you can build a high
performance development environ-
ment around the engineering work-
station you already own. And get
your embedded microprocessor
designs completed more quickly
and with less effort than ever before.

Your Sun, Apollo or DEC
workstation has the processing
power and high resolution graphics.
Applied Microsystems adds the
debuggers, utility software and
excellent emulation you need to
complete your system. Only Applied
Microsystems can make all of these
pieces work together seamlessly.

Our ES 1800 Series of emulators provide the most powerful transparent emulation system available anywhere.

in a closely coupled development
environment. What’s more, VALI-
DATE is supported by a rich library
of linkers, loaders, compilers and
assemblers.

Add the real-time, transparent
emulation capabilities of our ES

you the largest overlay memory
capability in the industry.

Make your workstation work
even harder.

Get full value from your invest-
ment in engineering workstations.

Operating Environment Microprocessors/ Software Utilities Emulation Link Debuggers Applled Mlcrosystems can
Host Operating System | Microcontrollers Languages Tools turn your WOrkStation l nto the
VAX VMS Intel: C Compilers | ES1800 VALIDATE .
MicroVAX  ULTRIX 8048 family, 8051 family | Pascal Assemblers | (16 & 32-bit) and other soft- heart Of a hlgh perfonnance
Apollo UNIX*® 8080, 8085, 8086/8, FORTRAN Linkers EC 7000 ware products :
Sun MS-DOS 80186/188and 80286  |PLM  Locators | (8-bit for source microprocessor development
PC Motorola: Assembler microcontrollers) and symbolic -
PCXT 68HCI11, 6800/2/8, Jovial EM Series and debugging enVlYonment.
PCAT 6809/9E, 68000/08/10 ADA (VERDIX) EL 800 1
PC Compatibles and 68020 (8-bit TO ﬁnd out more, write
Zilog: microprocessors) Applled M]Cr‘()systems
780, Z80H, MK 3880/4 L
A B Corporation, P.O.Box 97002,
Hitachi: 64180 Redmond, Washington, USA

We offer debug and development tools with a difference: they are integrated solutions for virtually any

development environment.

Source or symbolic debugging for
Intel, Motorola, and Zilog. Plus
the best emulation.

The VALIDATE family of
source and symbolic debuggers and
host control software has been spe-
cifically tailored by Applied Micro-
systems to work with our emulators

EDN July 7, 1988

1800 Series of 16-bit and 32-bit
emulators, and you have the most
powerful emulation system any-
where. The high speed SCSI inter-
face option lets you upload and
download files more than twenty
times faster than with RS 232. Our
Advanced Event Monitor System
lets you precisely control emulation
with logical statements of system
conditions. The ES 1800 also gives

CIRCLE NO 23

98073-9702. Or call
(800) 426-3925, in Washington
call (206) 882-2000.

In Europe contact Applied Microsystems
Corporation Ltd., Chiltern Court, High Street,
Wendover, Aylesbury, Bucks, HP22 6EP, United
Kingdom. Call 44+0)-296-625462.

UNIX is a registered trademark of AT&T.

i

Applied
Microsystems
Corporation

AMC-228
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Hitachi’s HMCS400

Series of CMOS Microcontrollers

The intelligent answer for small system control problems

The raccoon has a remarkable ability to thrive in
any type of environment. His sheer intelligence and
ingenuity let him adapt to whatever circumstances
he may find, and prosper with only minimal
resources at hand.

Resourcefulness also characterizes Hitachi’s
HMCS400 series of CMOS microcontrollers. These
sophisticated devices are optimized for real-time
control tasks and include a great number of
peripheral functions on-chip.

This new generation of 4-bit micros is a far
cry from the old 4- or 8-bit designs you're used to.
They execute efficient 10-bit instructions in as little
as 0.89us, and include powerful on-chip peripherals
such as large EPROMSs, LCD and vacuum fluorescent
drives, and multiple serial interfaces.

For example, our new HD4074408 has an 8K
one-time-programmable EPROM, a 512 x 4 bit RAM,
58 1/O lines, comparator inputs, PWM timer outputs
and serial interfaces—all in a plastic package. Future
devices will include A/D converters, phase locked-
loop circuitry, DTMF generators, and much more.

Most importantly, Hitachis ZTAT™ technology
gives you Zero Turn-Around Time. The on-board
one-time user-programmable EPROM eliminates the
need to wait three or four months for mask ROM
devices. The very day you finish development, ZTAT
gets you into production. And, you can implement
software changes immediately, to stay one step ahead
of everyone else.

Put all of Hitachi’s HMCS400 series resources to

work for you: Ceramic windowed devices for deve-




lopment, ZTAT devices for pilot and small-scale
production, and mask ROM devices for large-scale
production. And, a full complement of development

support tools is available for use with IBM-PC*,
DEC VAX*, and Hitachi systems.

Plus, when you consider all the on-chip
integration, you also get the lowest-cost solution for
your design. The packaging is one of the reasons
why ZTAT only costs slightly more than mask ROM
microcontrollers, and is a lot cheaper than ceramic
reprogrammable devices.

Clearly, Hitachi’s HMCS400 series is right for a
broad range of today’s small systems applications in
automotive, consumer, handheld instrumentation,
telecom, and industrial products.

There’s no need to wait. Hitachi is delivering

the 4-bit all- CMOS.HMCS400 series right now—

including EPROM-on-chip ZTAT devices. For more
information, call your local Hitachi Sales
Representative or Distributor Sales Office today.

Literature Fast Action: For product
literature only, CALL TOLL FREE, 1-800-842-9000,
Ext. 6809. Ask for literature number #SB-106.

*IBM-PC and DEC VAX are trademarks of International Business Machines
Corporation and Digital Equipment Corporation, respectively.

Hitachi America, Ltd.

Semiconductor and IC Division

2210 O"Toole Avenue, San Jose, CA 95131
Telephone: 1-408/435-8300

@ HITACHI

We make things possib{b VB



THE SOUND OF A SEIKO THERMAL PRINTER.

If you need a printer that’s very,
very quiet, here’s something to shout about.
The DPU-411 from Seiko Instruments. It’s
so quiet, you’ll forget it’s there. So you can
work while it does.

And thanks to its small size and
rechargeable battery back-up, it’'s completely
portable. In fact, at a featherweight 2.2
pounds, you can take it wherever you need
a small, ultra-quiet printer.

With both RS232C and : :
Centronics 8-bit parallel e
interfaces standard, the
DPU-411 will fit easily into
your system. And you can
print either a standard
40 column or condensed
80 column line.

Of course, like all Seiko printers, it’s
manufactured for a long life.

What’s more, the only maintenance
you'll ever need to perform is putting in
new paper. Which means it won'’t create
any noise from people yelling about messy
ribbons or upkeep.

It won't cause any noise when you get
the bill, either. Because the DPU-411 is very
competitively priced.

To help keep your office quiet,
call Seiko today at (213) 517-7770.
And ask about the thermal
printer that’s quiet, portable

and affordable.

SEIKO| @

Seiko Instruments USA

2990 West Lomita Blvd,, Torrance, CA 90505
(213) 517-7770 - FAX: (213) 517-7792

il
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Everyone’s talking about it now, but we've been shipping it
since 1982. And we've continued to set the real-time standard
every year since. RTU™, our real-time enhanced UNIX
operating system, provides guaranteed

response plus the flexibility and compatibility

of SVVS-validated AT&T UNIX System V.

Scientists, engineers and OEMs can choose
from a whole family of MC68020/030
multiprocessor computers, from 3 to 25
MIPS, designed for high-performance
applications in data acquisition, measurement
and control, C3I, GIS, imaging, and real-time
simulation.

What’s behind the trend to real-time UNIX?
Want to learn how your real-time application can benefit
from UNIX power and compatibility?

[ZH MASSCOMP

UNIX is a registered trademark of ATET Bell Labs.
MASSCOMP and RTU are registered trademarks of Massachusetts Computer Corporation.
VME is a trademark of Motorola Corporation
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Send in the coupon below for your free copy of
Understanding Real-Time UNIX, by Prof. John Henize.

Get your engineers on track with the best
real-time systems available.

1-800-451-1824
(MA 617:692-6200)

Send this coupon to MASSCOMP, Dept. I-NOSAJ et

One Technology Way, Westford, MA 01886

O YE S, Dlease send a complimentary copy of
Understanding Real-Time UNIX.

[ Send me information on MASSCOMP real-time
computer systems.

NAME

TITLE

COMPANY

ADDRESS

CITY

PHONE

MY APPLICATION IS:




Circle No. 73 for demonstration

How to crack
386 protected mode.

Unlock selectors and descriptor tables. Break
open task state segments (TSS) and call gates.
Microtek’s In-Circuit-Emulator (MICE) cracks 80386
protected mode with real-time, non-intrusive emu-
lation to 20 MHz.

MICE unravels all the intricacies of the 80386,
s0 you harness its full potential. Internal registers,
including GDT and IDT base values are all directly
accessible. And MICE also provides decoded access
to all selector and descriptor bits, like privilege
level, segment type and page accessed bits.

Use MICE as a stand-alone device, or integrate it
into your development environment. MICE easily
interfaces with the IBM® PC/XT/AT, VAX® Apollo®
and Sun® computers.

And the 80386 emulation system is just one of
our many embedded software development tools.

Our Software Analysis Workstation (SAW) deliv-
ers hardware-based, real-time software analysis in a
source code environment. For source code develop-
ment, our Microtec® Research products provide you

Micro

Formerly Northwest Instrument Systems, Inc.

and Pascal cross-compilers, cross-
assemblers and debuggers for many popular
microprocessors.

And MicroCASE™ backs all of its products with
solid applications support, both at the local and
factory level.

Microtek enjoys a long track record of being first
to market with quality support for many major
microprocessors. We were the first alternative for
80386 emulation. We're first to provide non-pro-
prietary support for 80386 protected mode* And
you can count on the same support in the future.

For more information and product litera-
ture on our full line of MICE, call us at
(408) 253-5933.

Crack 80386 protected mode,
and open the door to exciting
design possibilities—with the
best 80386 emulation system now
available. From
MicroCASE.

*Without the use of a proprietary “bond-out” chip.

IBM is a registered trademark of International Business
Machines. VAX is a trademark of Digital Equipment
Corporation. Apollo is a trademark of Apollo Computer,
Inc. Sun is a trademark of Sun Micro Systems.

P.0. Box 1309 * Beaverton, OR 97075

Processors supported by Microtek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6809, 6502, Z80, NSC800, 8085, 8032, 8051, 8031, 8344,

8048, 8049, 8050, Z8, SUPER 8, 68HC11, 64180, 80515. : "
Circle No. 72 for literature



NEWS BREAKS

EDITED BY JOANNE CLAY

ISDN TRANSCEIVER ICs EXCEED ANSI SPECS

The MC145474 and M(C145475 CMOS single-chip ISDN transceiver ICs have passed
CCITT and ANSI conformance testing, and are available in sample quantities from
Motorola Inc (Austin, TX, (512) 928-7944). These transceivers offer multiframing S-
and Q-channel operation and maintenance-signaling channels. An adaptive receiver
circuit automatically selects the optimum sampling phase and detection threshold of
incoming signals, thereby permitting both devices to double the point-to-point range
required by ISDN’s 1.430 specification. The 28-pin MC145475 is suitable for use in an
NT1 Star bus configuration. The 22-pin MC145474 costs $17 (1000), and the MC145475
sells for $18 (1000).

Both chips come with selectable NT and TE modes for both line-card and terminal
applications. An Interchip Digital Link (IDL) interface lets these devices exchange B-
and D-channel information among a variety of ISDN components and systems. Other
features include loop-back support, activation and deactivation functions, extended-
range operation, and a line driver that can tolerate a 1:1 transformer ratio without the
need for complex protection circuitry.—J D Mosley

12-BIT A/D CONVERTER MOVES ONTO ASIC

Sierra Semiconductor (San Jose, CA, (408) 263-9300) now offers a standard cell for
an A/D converter (ADC) that can resolve 12 bits. The ADCI2B is a 12-bit-plus-sign, dual-
slope integrating ADC standard cell for the company’s CMOS-based analog/digital
ASICs. The ADCI12B is similar to the standard 7109 ADC; it can resolve a minimum of
50 ¢V and has a typical conversion rate of 10 conversions/sec. The device requires 1.5
mA in active mode and 1 pA in power-down mode. The ADCI2B is the newest member of
a cell library that contains 50 analog cells, 300 digital cells, and 20 EEPROM cells.

—David Shear

THREE VENDORS OFFER TRANSLATORS FOR GENRAD 179X PROGRAMS

The news that ATE vendor GenRad Inc (Concord, MA, (617) 369-4400) will no longer
be producing the 179X series of board-test systems has prompted announcements by
two of the firm’s competitors as well as by GenRad itself. Both Teradyne Inc (Boston,
MA, (817) 482-2700) and Schlumberger Technologies (San Jose, CA, (408) 998-0123)
now offer facilities that permit users of the GenRad systems to migrate to other testers
without compromising their investment in board-test programs and fixtures. That
ability is particularly important to defense-electronics manufacturers and armed-
forces repair depots, because they deal with assemblies whose life cycles are longer
than those of most commercial products.

Teradyne’s 179X /L200 Program Translator, which starts at $25,000, creates pro-
grams that run on the company’s L200 test systems. These programs support go/no-go
testing and guided-probe fault diagnosis; an option converts the programs to the for-
mat of Teradyne’s Lasar Version 6 simulator. Schlumberger’s CAPS/ITG, which adapts
programs to run on the firm’s 700 Series testers, includes similar capabilites. In addi-
tion, Schlumberger offers an adapter that lets you use 179X test fixtures on the 700
Series. Including the hardware adapter, CAPS/ITG for the 179X costs under $50,000.
Meanwhile, GenRad continues to support the 179X Series in several ways. The com-
pany supplies spare parts and maintenance service for the testers. It has also refur-
bished used systems and furnished them to customers who wanted to expand capacity
without migrating to different equipment, and it may continue to offer that service
depending on the availability of used machines. Finally, the company offers software
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(priced from $5000) and fixture adapters to let you run 179X Series programs on the
newer 2750 Series.—Dan Strassberg

MONOLITHIC BUFFER AMPLIFIER ACHIEVES 730-MHz BANDWIDTH

The CLCI110 unity-gain buffer amplifier from Comlinear Corp (Fort Collins, CO, (303)
226-0500) features a —3-dB bandwidth of 730 MHz with a guaranteed gain flatness of
better than 1 dB from dc to 200 MHz. It thus allows you to buffer very-high-frequency
signals in circuits such as phase-locked loops and flash A/D converters. At dc, the
device exhibits a maximum output offset voltage of 13 mV. Packaged in an 8-pin plastic
DIP, the commercial version of the device (the CLC110AJP) costs $15.50 (100).

—Steven H Leibson

SHORT-DISTANCE OPTICAL LINK CARRIES THREE 40-MHz ANALOG SIGNALS

A 3-channel, fiber-optic transmission system from Molex Inc (Lisle, IL, (312)
969-4550) accommodates analog signals with frequencies of 40 Hz to 40 MHz over as
much as 5m of cable. Inputs require full-scale drive currents of 30 mA p-p, which pro-
duce an output signal of 108 mV p-p riding on a 3.3V dc offset. A 3-channel system,
including transmitters, receivers, and a terminated 2m cable assembly, costs $98.

—Steven H Leibson

1-ym CHIP FAMILY IS FASTEST ECL TECHNOLOGY AVAILABLE

A new family of ICs that implement standard logic functions represents the fastest
ECL technology available, according to Sony Corp of America’s Component Products
Div (Cypress, CA). Introduced at the Electro show in Boston (May 10 through May 12,
1988), the ECL chips feature 1-um geometry, 60-psec gate delays, and 4-GHz operation,
which rivals the speed of GaAs devices. The 24 initial offerings cost from $40 to $70
(1000). They come in metal flat packs; more economical versions in plastic leaded chip
carriers will be available soon. All the functions are derived from a 200-gate chip that
will become available in August as a product for custom digital applications. For
linear-ASIC applications, the company will introduce an ECL-technology analog array
in October 1988. The array includes 3-GHz npn transistors and 350-MHz vertical pnp
transistors.—Tarlton Fleming

SCSI-CONTROLLER CHIP INTERFACES DIRECTLY TO PC BUS

The 53C400 SCSI controller from NCR Microelectronics Div (Colorado Springs, CO,
(800) 334-5454) comprises bus-interface circuitry, two 128-byte RAM buffers, address-
decode and interrupt logic, and a 53C80 core cell with high-current SCSI-bus drivers.
The controller interfaces directly to IBM’s PC, PC/AT, and PS/2 buses. The $13.51 (1000)
chip performs SCSI-bus transfers at greater than M bytes/sec and accomplishes
PC-bus burst transfers at 1M byte/sec.—Steven H Leibson

CLAMPING AMPLIFIER GUARDS A/D CONVERTERS FROM OVERLOAD

You can protect circuits from off-scale voltage excursions with the $17.10 (100)
CLC501 clamping op amp. The high-speed device features a —3-dB bandwidth of 80
MHz (at a gain of 3R2), but unlike conventional op amps, it includes two extra
clamping-voltage inputs, V; and V;, that you can use to confine its output between two
voltage levels. One possible way to apply the part would be to use it as a residue
amplifier in a 2-stage, subranging A/D-conversion system. The op amp’s clamping
action protects the second-stage A/D converter from overload damage. In addition, the
CLC501 speeds up the subranging A/D-conversion system’s recovery rate from
overloads, because the op amp recovers more quickly than an A/D converter (the op
amp typically recovers in 1 nsec).—Steven H Leibson
22 EDN July 7, 1988



now offers you
genuine TDC104
performance in
low-cost plastic!

$19ea. - 1,000 PC. ATY
$15 ea. — 10,000 PC. QTY

You can obtain the TDC1048NEC at your nearest Hall-Mark or Hamilton/Avnet distributor. For full data sheet or technical assistance, call or
write our Literature Service Department at:

TRW LSI Products In Europe, call or write: In the Orient, phone:
P.0. Box 2472 TRW LSI Products Hong Kong, 3.880629;
La Jolla, CA 92038 Munich, 089.7103.124; Tokyo, 03.234.8891; Taipei, 751.2062;

619.457.1000 Panis, 1.69.82.92.41; Seoul, 2.563.0901
Guildford (U.K), 0483.302364

AL LY
©TRW Inc. 1988 — 712A03187 TRW LSI Products
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DELTA CODEC MEETS MILITARY COMMUNICATIONS REQUIREMENTS

Meeting the requirements of the Eurocom D1-IA8 specification, the FX619 single-
chip CVSD (continuously variable slope delta) codec is suitable for use in a variety of
military communications equipment. The device is manufactured by Consumer
Microcircuits Ltd (Witham, UK, TLX 99382; in the US: Mx-Com Inc, Winston-Salem,
NC, (919) 744-5050). It operates in full-duplex mode, and it includes input and output
audio filters. An on-chip oscillator clocks the device’s on-chip switched-capacitor
filters and its CVSD modulator and demodulator. The oscillator accepts a crystal or an
external clock input.

You can program the device’s sampling rate to 16k, 32k, or 64k bps. The chip pro-
vides clock outputs so that you can synchronize external circuitry to the codec. Other
programmable features include an encoder-enable/disable facility, encoder/decoder
idle modes, 3- or 4-bit companding algorithms, and a low-power standby mode. The
FX619 is a CMOS device that operates from a single 5V supply and is available in a
22-pin DIP or a 28-lead surface-mount package. The company expects to sell the chip
for less than £20 (1000).—Peter Harold

X.25 COMMUNICATIONS CARD IMPLEMENTS OSI LAYERS 1 TO 3

Simplifying the software that you have to write during systems integration, the
$3675 CC-125 VME Bus X.25 communications card conforms to the X.213 specification
for communication to layer-4 functions of the OSI model. The card, which is available
from Compcontrol (Eindhoven, The Netherlands, TLX 51603; in the US: Los Gatos, CA
(408) 356-3817), implements layers 1 to 3 of the OSI model.

Layer 1 operates in accordance with the X.21 bis (V.24/V.28) standard, and layer 2
conforms to the LAPB (link access procedures balanced) protocol standard. The board’s
layer-3 software handles the X.25 packet-level protocol and imposes flow control to
prevent the communications link from overloading. Messages are passed between the
CC-125 and the VME Bus system’s layer-4 functions via dual-port RAM on the CC-125.
The messages, coded according to X.409 recommendations, are transferred to the dual-
port RAM in the form of network-service data units that can be as long as 4k bytes.
The 68000-based board is suitable for transmitting packet-switched data over public or
private data networks at bit rates as high as 64k bps.—Peter Harold

MODULE PUTS IBM PC/AT-COMPATIBLE COMPUTER IN VME BUS SYSTEMS

The $2500 PX4000 VME Bus module from Philips’ Industrial and Electroacoustic
Systems Div (Eindhoven, The Netherlands, TLX 35000; in the US: (01) 529-3800)
allows you to implement an IBM PC/AT-compatible computer in VME Bus systems. The
2-board sandwich runs an 80286 P and an optional 80287 math coprocessor at 8
MHz. It includes all the ports you’d expect to find on a standard PC/AT (for example,
keyboard, monitor, printer, and floppy-disk interfaces), and it runs the MS-DOS
operating system. However, the module’s video output provides CGA-compatible color
graphics as a standard feature. In addition to accessing the board’s 512k bytes of on-
board dynamic RAM, processor and DMA channels can transparently access additional
memory via the VME Bus. If you use the pP’s protected-addressing mode, the uP can
access as much as 16M bytes of memory. The onboard RAM is also accessible to other
VME Bus masters. A hard-disk-controller board that operates in conjunction with the
PX4000 is also available.—Peter Harold
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Flexible Triggering An Issue?
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Get the Ultnnate m Flexibility — With Nicolet’s 4180 plug-in and 4094C
Digital Storage Oscilloscope, you can take the guesswork
Fl Xib' < d S ' out of triggering. The Trigger View feature gives you a
e aIl graphic representation of trigger slope, level and
sensitivity superimposed on the actual trigger input signal.
» Preview Of Trigger Settings Whgt this means for you is easy and accnfrate trigger '
« Operate With Independent Trigger setting. Using the 4094C with two 4180’s allows four input

2 : channels with each two-channel plug-in having its own
and Timebase Settings for Each independent time base and trigger settings. That’s

Plug-in. flexibility!
* 200 MegaSamples per second Speed — Wideband input amplifiers allow you to
e Real Time Functions capture signals up to a 100MHz bandwidth at digitizing
e Zoom to x256 speeds up to 200 MegaSamples per second.

. Support — All this with unequalled factory support. As
* Floppy Disk Storage a user, your questions are answered quickly without the

* PC Software need for customer account numbers or other qualification.
e Downloadable Software Programs

Write or give us a call! Nicolet
Nicolet Test Instruments Division

A e =2 etk TR T S CRA T S ST e e e T e

5225-2 Verona Road, Madlson WI53711 608/275 5008 or 800/356-3090 INSTRUMENTS OF DISCOVERY
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rugged plug-in

amplifiers

0.5 o 1000MHZ 1o $13%2....

Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C
temperature range, in a rugged package...that's Mini-Circuits’ new MAN-amplifier series.
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same

pc board area as a TO-8 and can take tougher punishment with leads that won't break
off. Models are unconditionally stable and available covering frequency ranges 0.5 to
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB.

Prices start at only $13.95, including screening, thermal shock -55°C to +100°C,
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating
voltage and current.

Internally the MAN amplifiers consist of two stages, including coupling capacitors.
A designer’s delight, with all components self-contained. Just connect to a dc
supply voltage and get up to 28dB gain with +9dBm output.

The new MAN-amplifier series...
another Mini-Circuits’ price/performance

breakthrough.
FREQ.
RANGE GAIN MAX. NF DC PWR  PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL f tof, min flatnesstt dBm (typ) mA (5-24)
MAN-1 0.5-500 28 1.0 8 45 60 13.95
MAN-2 0.5-1000 19 15 7 6.0 85 15.95
MAN-1LN  0.5-500 28 10 8 28 60 1595
OMAN-1HLN 10-500 10 08 15 37 70 15.95
t+Midband 10f, tof,, .4 0.5dB 11dB Gain Compression OCase Height 0.3 In

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

finding new ways...
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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attenuators

$1A495
one-piece design defies rough handling from14 (1-49)

Each unit undergoes high-impact shock test
Unexcelled temperature stability, .002 dB/°C
2W max. input power (SMA is 0.5W)

BNC,SMA and N models ( TNC, consult factory)
Immediate delivery, one-year guarantee

¢ 50 ohms, dB values,
1,2,8,4,5,6,7,8,9,10,12,15, 20, 30, and 40

e 75 ohms dB values, 3,6, 10, 15, 20 BNC only

e Price (1-49 qty.)
CAT (BNC) $14.95 SAT (SMA) $17.95
NAT (N) $19.95

finding new ways ...
setting higher standards

[ JMini-Circuits

A Dvision of Scientific Components Corporation

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

EDN July 7, 1988

*Freq Atten. Tol. | Atten. Change, (Typ.)

(MHz2) (Typ.) over Freq. Range VSWR (Max.)
DC-1000 | 1000-1500 ‘ DC-1000 MHz [1000-1500 MHz

DC-1500 MHz +03 06 08 13 15

*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models)

Model Availability
SAT (SMA) CAT (BNC) NAT (N)
Model no. = a series suffix and dash number of attenuation
Example: CAT-3 is CAT series, 3 dB attenuation

Precision 50 ohm terminations only $7.95 (1-24)
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1
BNC (model BTRM-50), TNC (consult factory)

SMA (model STRM-50), N (model NTRM-50)

C92REV.D
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If you're testing complex boards

You're facing one of test engineering’s toughest Stay in front of VLSI/VHSIC advances.
challenges. VLSI boards like this one. But with a Start with the most advanced hardware for analog

Teradyne L200 board tester on your side, complex and digital testing. An L200 fires functional test pat-
test problems can be conquered quickly. terns at 40 MHz rates. At up to 1152 test channels.

Top speed is 80 MHz. That’s 4 to 8 times faster than
any competitor can deliver.

And the L200 hits test signal timing precisely.
With up to 32 timing sets for drive phases and test
windows. Its 250 ps programming resolution with
zero dead time puts signal edges right where you
want them.

Divide and conquer.

VLSI/VHSIC boards demand large, complex test
programs. But the L200’s distributed computer
architecture simplifies matters.

Testing is controlled by a VAX computer. It sends
tasks to specialized processors for rapid deployment

The L293 VLS| Module Test System. of analog, digital, and memory tests.
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200 WORKSTATION CHEITES

cale 21 NSEC

0 BOARD DISPLAYS

Programmers will appreciate clustered VAX
workstations. Graphics, like waveforms and shmoo
plots, make heavy debug and analysis light work.
Simulation and other tactics.

High-powered software tools tailor L200 test
development to modern design techniques and test
strategies.
Precisely the
caliber of
tools you
need to get
tests up and
running fast.

Take our LASAR simulator. It works closely with
the L200 for both cluster and board-level testing.
LASAR accurately predicts VLSI circuit responses
and reports test program fault coverage.

Significantly, LASAR simulates L200 charac-

Test Maximum Channel
Channels Pattern Rate Skew

L200 VLS| board test systems are the performance leaders.

EDN July 7, 1988

teristics. So test programs automatically include
when to test board responses. And what response
is expected. The result is uncompromising go/no
go tests as well as precise guided probe or fault
dictionary diagnosis.

A powerful ally.

L200’s have proven themselves under fire at hun-
dreds of advanced manufacturing sites worldwide.
So if you're about to take on a new VLSI/VHSIC
project, find out how to launch a winning test strat-
egy. Call Daryl

Layzer at » g 7 VN
(617) 482-2700, Ialwl '
Ext. 2808 with- ¢

g We measure quality.

VAX is a trademark of Digital Equipment Corp.
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Deltaor Aorta? Whichis Which?

No problem here because both of these images
were processed on Raytheon’s new TDU-850
Thermal Display Unit.

The TDU-850 is the only thermal recorder to
display true grey levels (not mere halftone
representations) at such high speeds and
resolutions. Utilizing 203 dots per inch, the
unit offers 64 grey levels and can provide 256
grey levels through the use of super pixels. The
TDU-850 is your assurance of high quality
images. Standard units about $5,000. (Slightly
higher overseas). RS-170 video and IEEE-488
computer interfaces are available.

When you must know what you’re looking at,
look for equipment that knows what to look for.
For details call or write Marketing Manager,
Recorder Products, Raytheon Company,
Submarine Signal Division, 1847 West

Main Road, Portsmouth, RI 02871-1087.
Phone: (401) 847-8000.

Raytheon

A. Satellite view of river delta. B. Arterial angiogram.

Note: These began as continuous tone images which were processed in black and grey by a
TDU-850. The TDU-850 images, however, had to be converted to conventional halftones in
order to be shown in this magazine. Thus the high quality of the original TDU-850 images
have been obscured. For true results ask to see a demonstration.
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IEEE is alive and well

IEEE membership will pass the
300,000 mark this year, so the or-
ganization is far from heading to-
ward extinction. With 267 sections,
over 900 chapters, and over 550 stu-
dent branches all over the world,
and a steady annual growth in spite
of editorials such as EDN’s (“The
IEEE faces extinction,” EDN, Feb-
ruary 4, 1988, pg 53), it is not hard
to see that the IEEE is indeed
meeting the needs and desires of
many engineers. It is the noisy
whiners on the sidelines who make
news sometimes—and apparently
catch the attention of EDN’s editor.
The literally thousands of volun-
teers who man committees, serve as
officers in student branches, chap-
ters, subsections, sections, socie-
ties, and the national and interna-
tional boards are dedicated people
who work for no pay . .. just the

desire to make the IEEE better and
stronger—and more responsive.

It really hurts to see an editorial
like EDN’s, because it is obviously
giving recognition to the few very
vocal dissidents (who give no volun-
teer effort to the IEEE and who
have never served in any office),
while ignoring the thousands of vol-
unteers who are moving the IEEE
forward through their quiet, dedi-
cated efforts. I hope Jon Titus will
take a little time to look at the other
side of the coin. The IEEE is doing
a lot for the profession! We could do
even more if the complainers would
join with the many other volunteer
workers and help pull the load in
improving our Institute.

Robert S Duggan, Jr
Candidate for IEEE Executive
Vice President (1989)

IEEE

Atlanta, GA

Criticism of IEEE
was undeserved

In his editorial of February 4 (pg
53), Jon Titus has indulged a desire
to create controversy at the expense
of any reasonable approximation of
good journalism and attention to
facts. “Yellow journalism” was the
term used to describe the type of
unfounded allegations that abound
in the editorial. He certainly has a
right to a biased opinion on the
vitality of the IEEE and on the
merit or lack of it of actions taken by
the IEEE’s board of directors. But
there is a minimum standard of in-
tegrity and factual information that
should be observed.

Let me be very specific and to the
point:

1. Approval voting. Jon says that
“the board of directors modified the
election procedure by changing the
organization’s bylaws, not by asking

Newest members of the growing
family of Buchanan electronic
connectors. Until now, DIN 41612 connectors
have been limited to low amperage signal
applications. NOW, NEW BUCHANAN-2E POWER
DIN CONNECTORS PROVIDE HIGH AMPERAGE
POWER CONTACTS, making these connectors

the ideal interface in a wide variety of situations —
especially in power-supply-to-motherboard
applications.

Buchanan-2E power DIN connectors give you:

W A versatile series of 2-piece DIN 41612 connec-
tors with power or power and signal contacts in
one connector.

M Variety of high amperage models with 15A

or 20A ratings — plus the option of adding two
50A contacts.

W Full compatibility with DIN/Eurocard standard
or other 19” rack systems.

W Wide variety of terminal styles: Quick-connect,
PC, extended PC, wire wrap, screw, or hand solder.

Send for Catalog I/0 300A to select a sample
that fits your application.

" INDUSTRIAL ELECTRICAL
PRODUCTS

AMERACE CORPORATION

INDUSTRIAL ELECTRICAL PRODUCTS

530 W. MT. PLEASANT AVENUE
LIVINGSTON, NJ 07039 = (201) 992-8400
TELEX: 13-8403 m FAX: 201-992-9416
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members to amend the organiza-
tion’s constitution,” implying some
sort of violation of proper procedure
in our action. The facts are that the
voting method for member election
of officers and directors of the
IEEE has not previously been spec-
ified in either the constitution or the
bylaws; the board of directors felt it
would be desirable to specify in the
governing documents of the Insti-
tute the procedure to be followed,
particularly with the introduction of
approval voting; and the principle
stated in the IEEE’s constitution is
that “ . .. methods of nomination
and election shall be specified in the
Bylaws.”

The board acted properly in plac-
ing this information in the bylaws.
It would not, in fact, have been in
keeping with the guidelines in our
constitution to have proposed a con-
stitutional change. Of the three gov-
erning documents for the IEEE, the
constitution is a very general,

4-page document, while the bylaws
provide more-detailed guidance and
are about 50 pages long. Our Poli-
cies and Procedures Manual is still
longer and provides further proce-
dural information.

In his criticism of the board’s ac-
tion, Jon Titus has also conveniently
chosen to ignore the fact that the
new approval-voting procedure of-
fers the best opportunity for a non-
establishment candidate to win, if
he or she truly represents the inter-
ests of a preponderance of the vot-
ing members. It should be obvious
that this method gives voting mem-
bers greater flexibility to express
their views, and helps ensure that
the winning candidate most closely
reflects the will of the majority. If
Jon’s point is that he is opposed to
majority governance, perhaps he
should come right out and say it,
rather than leave EDN’s readers
with a false impression.

2. Professional concerns. Jon

Titus says that “engineers will ob-
serve no action on tax or pension
reforms, no action on age discrimi-
nation, and no action on other pro-
fessional concerns. In short, no ac-
tion at all.” Perhaps if he took the
time to look into these areas, he
might find out what’s going on, and
the extent of the IEEE’s role. Pen-
sion-reform legislation has been an
active target of the IEEE for over a
decade. The IRA bill owed much of
its momentum to IEEE work. The
reduction in tax breaks in the course
of the overwhelming pressure for
tax reform in 1986 was fought by
the IEEE, and we are actively sup-
porting the passage of the newest
pension-reform bill dealing with
portability and nonintegration. Can
Jon point to anyone or any organiza-
tion that is even close to this record?

Let me go on about other profes-
sional concerns. Who stimulated the
government guidelines against
wage busting and other unfair prac-

Capacitors that can't plug in back-
wards. Ripple currents beyond 30
amps that smoke other vendors' parts.
Demanding life test results like 10,000
hours at 105°C with virtually no
change. Special case styles, special
terminals. High energy discharge
capacitors for our nation's strategic
defense initiative.

Capacitor banks that replace batteries.

I

|

1
S

Electrolytics YOUR WA

Capacitor solutions that improve your product

The 80 plus years of capacitor know-
how from Cornell Dubilier/Sangamo
Components is available to you for
aluminum electrolytic capacitors. With
60 standard types ranging from 2/10
inch to 3 inch diameters and voltages
to 450V, there are few challenges we
won't meet.

( ECH
Y!

Cornell Dubilier
SANGAMO COMPONENTS

Put us to the challenge

Call for the name of your
nearest representative:
« Eastern (201) 256-2000
« Central (315) 488-5822
» Western (818) 707-3696
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tices in service contracts? The
IEEE. Who called nationwide at-
tention to age-discrimination prob-
lems, cosponsoring a national con-
ference on the aging workforce? The
IEEE. Who has provided the De-
partment of Labor guidelines for
determining the admissibility of
alien engineers and provided engi-
neers with guidelines to evaluate

fair hiring practices? The IEEE.
Who is generating the salary infor-
mation to give guidance on proper
rates to be paid for experience and
other skill factors? The IEEE. Who
is in the lead in dealing with these
and many other professional con-
cerns among all the engineering
fields? The IEEE.

3. Publications. The editorial dis-

34 - CIRCLE NO 17

misses journals and publications as
not being at “the heart of a vital
professional organization.” I'm
aghast! Jon seems unable to grasp
what constitutes a professional in
our field. First and foremost is tech-
nical competence. We maintain that
competence in a variety of ways, not
the least of which is via access to
technical journals and publications.
The only aspect of our professional
life that he seems to recognize—
that is, the part dealing with the
working environment—is covered
primarily by the IEEE’s US Activi-
ties Board (USAB). Its activities,
Jjust a few of which I cited earlier,
are too numerous and wide-ranging
to cover adequately in a letter.

I believe the IEEE has demon-
strated and continues to demon-
strate its value to the profession in a
great number of areas. We're not
solely technical and not solely “pro-
fessional” either. We serve both
these aspects and many others be-
sides. We do not believe that we do
everything to perfection, and we en-
courage communication from those
who have constructive suggestions
on how we can improve. Unfortu-
nately, editorials such as the one I
have cited are not constructive and
only mislead the casual reader. The
engineering community deserves
better coverage, and I hope EDN
will accept the challenge to provide
it.

Perhaps you recall the old adage
that it’s better to light a single can-
dle than to curse the darkness. The
IEEE is lighting the candles.
Russell C Drew
1988 President
IEEE
Sterling, VA

WRITE IN

Send your letters to the Signals and
Noise Editor, 275 Washington St,
Newton MA 02158. We welcome all
comments, pro or con. All letters must
be signed, but we will withhold your
name upon request. We reserve the
right to edit letters for space and
clarity.
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In the ever-changing
microcomputer business,
1t takes a different
kind of thinking

to stay one step ahead.



Four years ago, Chips and
entered a traditional
with a very untraditional

Includmg 80% of the
AT-compatible market.

Microcomputers have evolved consider-
ably since we first started out. But market needs
remain much the same: higher performance at
lower cost.

The semiconductor industry has always
approached these needs from a traditional, discrete-
based point of view. As systems have become
more powerful and sophisticated, this perspective
has proven increasingly inadequate.

More and more, systems-level problems
call for integrated systems-level solutions. To
develop them, we've pioneered a dramatic depar-
ture from traditional thinking: a systems approach
to semiconductors.

The systems approach.

Our design process begins with a broader
perspective—a thorough examination of the
market trends and advanced technologies that
affect the future of microcomputing.

We focus on industry-standard hardware
architectures and software environments. To ensure
100% compatibility. And to avoid the kind of short-
sighted silicon implementations that might require
expensive OEM redesigns.

We look closely at complex subsystem
relationships, using sophisticated mainframe
design techniques to optimize performance.
Finally we pull it all together, drawing on our in-
house microcomputer design expertise.

This “tops-down” demgn process results in
highly integrated CHIPSets." Providing higher
system performance, increased functionality and
100% compatibility.

CHIPSets" make better systems.

CHIPSets solve system-level hardware and
software design problems in silicon, so you don’t
have to. Which greatly reduces OEM system design
time. And lowers development costs.

That means you can get to market faster.
With systems that offer higher performance and
longer product life cycles. And are less expensive
to upgrade. Our systems approach has been so
successful that in just a few short years, it’s changed
the face of the industry.
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Technologies
Industry
approach.

“‘Stnceits inception,

Chips and Technologies has
pioneered an unusual concept
wn the semiconductor industry,

mvolving the sale notjust of

stlicon circuals, but of entire
CHIPSets and design services,
which incorporate a substantial
amount of personal computer
systems expertise.

Edward White
John Hancock Financial Services
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A chip
1S bound by
and shor

“CHIPS offers manufacturers
of IBM-compatible personal
computers an essentially
complete solution, even down
to the layout of the printed
circuit board that uses

CHIPS components.”

Drew Peck
Donaldson, Lufkin & Jenrette




that merely “clones”
all the flaws, imperfections
somings of the original.

limitations.

In 1985, Chips and Technologies intro-
duced its very first products—the EGA™ CHIPSet
and the 286/AT CHIPSet for AT-compatible
microcomputers.

Both products outperformed standard
industry implementations. And dramatically
reduced OEM manufacturing costs and system
development time as well.

The second generation:
architectural innovation.

As microprocessors got much faster,
system performance was being constrained by the
comparatively slow-moving AT bus. Using our
systems expertise, we arrived at an ideal solution:
a mainframe-like asynchronous architecture that
decouples the bus from the processor and memory.
Enabling each to run comfortably at maximum
speed, with no loss in compatibility.

With this innovation came the first
CHIPSets for 386 and high-speed 286 processors—
our New Enhanced AT products. Or NEAT,"
for short.

These high-performance CHIPSets incor-
porate advanced microcomputer features, like
4-way page interleaved memory and shadow RAM.
They offer OEMs the ultimate in cost-effective
solutions: the ability to accommodate high-speed

286 and 386™ processors, with a seamless upgrade
path from 12 to 25 MHz and beyond.

That means customers can build 16 MHz
AT-compatibles based on lower cost 286 micro-
processors. And still run MS-DOS™ software faster
than most 16 MHz 386-based systems.

NEAT CHIPSets also offer an extra
measure of flexibility: automatic mode switching
between MS-DOS and OS/2™ A real advantage
for OEMs and end-users alike.

Unprecedented performance.

NEAT CHIPSets improve the speed and
performance of OEM products through architec-
tural innovations that allow faster data communica-
tions between the tightly coupled subsystems. And
by extending systems logic interface techniques
throughout the entire microcomputer.

By implementing mainframe-level tech-
niques in our CHIPSets, we continue to work with
OEM s to push AT performance and economy to
new levels. For both desktop and laptop systems.

In doing this, we’ve developed the expertise
to do precisely the same for the PS/2™ market.
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With a micro-maintrame
proprietary architecture
fundamentally changec

expertise are no
longer optional.
They're requirements.

The features that distinguish PS/2 —
mainframe-like architecture, a higher degree of
functional integration, and close coupling of hard-
ware and software — are a long way from where
traditional semiconductor companies presently
find themselves.

Meeting the new standard.

While compatibility is only the starting
point, it’s now much more difficult to achieve.

Chips and Technologies has approached
the PS/2 market with four years and five million
CHIPSets of directly applicable experience.
Systems expertise that has enabled us to achieve
gate-level compatibility with PS/2 and the Micro
Channel™architecture.

Our PS/2-compatible offerings, CHIPS/250™
and CHIPS/280™ CHIPSets, incorporate all the
innovations we’ve developed to date.

Beyond compatibility.

The CHIPS/250 and CHIPS/280 CHIPSets
operate up to twice as fast as the industry standard.

Both are available for high-performance, cost-
effective, desktop configurations, which provide
Model 80 functionality in a Model 50 chassis.

We even offer a special CHIPS/280 version
which supports both cache and page interleaved
memory systems. Giving OEMs the option to use
low-cost, slower DRAMSs with no reduction in
system performance. What’s more, the matched
memory technique used in the IBM PS/2 Model
80 is incorporated into our CHIPS/250 CHIPSet—
doubling the rate of data transfer over the Micro
Channel bus for Model 50-compatible designs.

Our CHIPS/450™ family provides VGA™
compatibility down to the gate level as well. Includ-
ing implementation of hidden modes—the only
real assurance of compatibility. And close coupling
with our systems logic CHIPSets enables our VGA
chips to run twice as fast as the industry standard.
Without the need for special drivers.

Along with other enhancements in our
VGA chips, we've also implemented a bus archi-
tecture that’s configurable for either AT or PS/2
environments. So one chip can serve two appli-
cations, with no compromise in performance.

System design support at every level.

We furnish extensive technical documenta-
tion and applications support with all our CHIPSets.

And to help OEMs make the most of our
products, we offer the most comprehensive Design
Services Organization in the business. A partner-
ship that can cover the ground from technical
consultation to the design of an entire turnkey
microcomputer system.

It’s the kind of support that can make the
difference in achieving successful entry in the
advanced AT-class and PS/2 arenas. Markets we
now serve with a full range of CHIPSet solutions.
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“When the clone makers
do line up, they will be talking
performance... so that is where

Chips and Technologies is / »
concentrating. The goal is not /

mly 100% compatibility, but also
significantly faster data rates,
much greater mass-storage
capacities, superior graphics
and a line-up of
original features.”
Stan Runyon |
Electronics CHIPS / :
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Where we go from here.

By providing OEMs with the most timely
and cost-effective microcomputer solutions avail-
able, our CHIPSets have fundamentally changed
the way systems are designed—creating vast new
markets in the process.

And this is only the beginning. We
continue to enhance standard architectures and
develop other performance innovations, while
maintaining compatibility with hardware and
software standards.

That’s the difference that untraditional
thinking makes. In CHIPSets. And in the success
of your products.

To experience the CHIPSet difference—
in more powerful, cost-effective systems—call
800-323-4477. Or write Chips and Technologies,
Inc., 3050 Zanker Road, Department MC-1,

San Jose, California 95134.

CHIFS

chip sets or CHIPSets. The difference is the difference.

EGA,VGA, Micro Channel, PS/2, and OS/2 are trademarks of IBM Corporation.
MS-DOS is a trademark of Microsoft Corporanon 386 is a trademark of Intel Corporation.
CHIPSet, NEAT, CHIPS/250, CHIPS/280 and CHIPS/450 are trademarks of Chips
and chhnologleﬂ Inc. ©1988 Chips and Technologies, Inc.




Now a network analyzer
and a spectrum analyzer
in one box. From HP

The HP 4195A Network/Spectrum
Analyzer. It's the one tool you've been wait-
ing for to make development and production
testing of your analog devices easier, more
flexible—and at half the price of equivalent
dedicated analyzer solutions and less than
other combination units.

For the first time, you have a combi-
nation analyzer with a balanced set
of specifications for both vector network
and spectrum analysis functions. And,
if that weren't enough, you can use it for
Impedance analysis, t00.

The 10Hz to 500MHz range of the
HP 4195A make it ideal for audio, base-
band, HE VHE and IF applications. A
unique feature is four-channel spectrum

EDN July 7, 1988

measurement capability that accommo-
dates four independent inputs. The unit
features an internal flexible disk drive, color
CRT, User Math, User Defined Functions,
User Programs for customization—and it's
softkey menu driven, making it extremely
friendly. As usual, HP delivers value.

Call 1-800-752-0900, Ext. B215.

Ask for your free data sheet on the HP
4195A Network/Spectrum Analyzer. Find
out how we got network and spectrum
analysis tools with balanced performance

© 1988 Hewlett-Packard Co. EI15804/EDN ﬁ pAC KA n D
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make sure 1ts rugged.

Order GE/RCA Rugged MOSFETs, the only
ones with an “R” on the label. Because the
wrong device can ruin your creation.

Two years ago an independent testing com-
pany compared GE Ruggedized MOSFET's
with all leading competitive units. The results
were even better than we expected.

IRF 140 Ruggedness

Surviving
Units
251

Energy (mJ) Log. Scale

In this test conducted by Associated Testing Laboratories,
Inc., the ruggedness of 25 GE IRF-series MOSFETs was com-
pared with 25 devices from each of four competitors. As you
can see, the GE parts significantly outperformed the others.

Today, the situation is different.

Because our MOSFETSs are more than twice
as rugged as they were then. Yet our rugged-
ized MOSFETs cost no more than competi-
tors' standard MOSFETs.

A powerful combination.

We've achieved this by combining the
rugged technology of GE products with the
outstanding manufacturing, quality control
and cost-effectiveness of RCA power
MOSFETs. So we can bring you the best line

of rugged PowerFETs in the industry.
And the benefits are considerable.

Why you need Rugged FETs.

Our Rugged MOSFETs are fast. But they're
not fragile.

They're designed, tested and guaranteed to
withstand a specified level of circuit-induced
electrical stress in breakdown avalanche
mode.

When you design with our Rugged devices,
you can eliminate zener diodes, snubbers and
other costly circuitry.

So you save money. And by simplifying your
design, you improve system reliability.

Just as important, these devices give you a
margin of error.

Because you can never be sure when your
system will be subjected to voltages beyond
what you expected.

And if you're designing for applications
that routinely have to handle surges and tran-
sient voltages, these devices are perfect.

A wide selection of drop-ins.

We have more than 200 parts in distributor
stock. And they're drop-in replacements for
virtually any N-channel devices.

So why take chances, when you can
improve your system performance and relia-
bility at no added cost?

For more information, contact your local
GE Solid State sales office or distributor. Or
call toll-free 800-443-7364, extension 28.

In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.

GE/RCA/Intersil Semiconductors
Three great brands. One leading-edge company.

EDN July 7, 1988



TOSHIBA. THE POWER

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 737-9844; SOUTHWESTERN
REGION, Toshiba America, Inc., (714) 259-0368; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT OFFICE, Fishkill, New
York, Toshiba America, Inc., (914) 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; ARIZONA, Summit Sales,
(602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 346-6331; CALIFORNIA (Northern) Eirepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, (714) 957-3367, (San
Dnego County% Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; FLORIDA, Sales Engineering Concepts,
813) 823-6221, (305) 426-4601, (305) 682-4800; GEORGIA, Montgomeg Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz,
314) 966-4977; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, £317) 842-3245; LOUISIANA, MIL-REP Associates, (713) 444-2557;
MAINE, Datcom, Inc., (617) 891-4600; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI,
EDN July 7, 1988
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IN MOS ICs.

For years Toshiba has been the power
in MOS ICs. Leaders in static RAMs, 1IMB
DRAMs, ROMs, and gate arrays. The world’s
largest producer of cMOS! A volume pro-
ducer of logic, MPU, and custom products.
So now who has the experience, the tech-
nology and the production capacity to lead
the way? The people with the power, the
#1 CcMOS manufacturer in the world. Toshiba.

TOSHIBA IS
MEMORY POWER
IMB Dynamic RAMs
We're the world leader in
volume production of 1MB
DRAMs! First to market!
! If you are thinking powerful
memory, talk with us.
Static RAMs 1n NMOS and CMOS
We have fast 2kx8 and 4Kx4 SRAMs at 25ns
and fast CMOS 16Kx4 SRAMs, with or without
output enable, and 25ns access times. On
many high speed statics we can select
20ns. We're leaders in byte wide memory
products with the 2Kx8 and 8Kxg/9 fast
SRAM, the 32Kx8 (256K) CMOS static and
pseudo SRAMs, the new 1Mb pseudo/virtually
SRAM, and the emerging 128Kx8 CMOS SRAM.
ROMs tn NMOS and CMOS
In cMOS mask ROMs, we are producing
1MB, 2MB and 4MB devices in volume.
EPROMs itn NMOS and CMOS
Toshiba was first in the world to intro-
duce the 256K CMOS EPROM. And we can
meet your needs with the high density
512K and 1MB EPROM, that can accommodate
an entire utility program.
OTPs
Toshiba has one of the broadest lines of
OTPs In the industry — 64K, 128K, 256K and
512K in DIP or Surface Mount Packaging.
Available in volume!

LDS is a trademark of LSI Logic Corporation.

©1988 Toshiba America, Inc.

TOSHIBA IS

MPU POWER
Toshiba is a world leader
in shipments of 8-Bit Single
Chip Microcontrollers and 8-Bit Micro-
processors. We also offer Peripherals,
Speech Products and the powerful new
Application Specific Standard Products
(ASSps) — Microprocessors and Peripherals
integrated into a single Monolithic Silicon
Die. In fact, Toshiba has one of the world’s
most comprehensive lines of CMOS MPUs.

TOSHIBA IS
LOGIC POWER

Toshiba has been making
CMOS logic for over 15 years.
Toshlba introduced the first high-speed
CMOS logic series. Today we are the world’s
#1 CMOS manufacturer.

Our new 74AC series has typical prop
delay times of 3ns and maximum clock
frequencies of 150 megahertz. That’s 33%
faster than the original 74HC series. Toshiba
CMOS logic meets applicable JEDEC specs.

TOSHIBA IS
ASIC POWER
Toshiba has ample design
capability at its design centers,
so with our experience, LDS™
software applications staff, you can develop
your own advanced 50,000 gate, 0.7ns
gate arrays and standard cells. Plus new
1.5 hard megacell custom chips, which
we have been producing for four years now.
More importantly, we have the volume
production capability to meet your needs.
Toshiba. The power in design, develop-
ment and production. In DRAMs, SRAMs,
Non-Volatile memory, MPUs, logic, custom
and semicustom.

&*‘%&ﬁ ‘

TOSHIBA AMERICA, INC.

Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (31Gg 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; NEVADA, Elrepco, Inc.,
D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology,

(602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pi-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Mont;
Component Sales, (612) 933-2594; OHIO, Steffen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-
PENNSYLVANIA, Nexus Technology, (215) 675- 9600, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE Monts gomery Marketlng Inc (2
Associates, 512)346 -6331, (713) 444-2557, (214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801)263 -2640; VERMONT, Datcom, Inc. (617)891 4

%201) 947-0151; N&
gomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAI(OII, Electric
EP Associates, (214) '644-6731; OREGON, Com| gonents West, (503) 684-1671;

WASHINGTON, Components West, (206) 885- 5380 (509) 922-2412: WISCONSIN, Carlson Electronics, 414) 476-2790, Electric Component Sales, (812] 933-2594: WYOMING, Straube Associates Mountain tates, Inc.,
(303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452; QUEBEC, Electro Source, Inc., (514) 630-7421.
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415) 962-0660; NEBRASKA,
EXICO, Summit Sales,

5) 830-0498; TEXAS MIL-REP
00; WEST VIRGINIA, S(eﬂen&Assocwtes (419] 884- 2313;



your PCB projects wi

Well-connected

CADdy integration means one environment for Schematic
Capture, PCB Layout, Autorouting and beyond.

CADdy’s maturity is reflected in it’s screen menus, on-line
manual and programmable function keys, CAD features like
unlimited zooms, rubberbanding in both schematics and layout,
and large designs to 8 MB. Professional features include
multi-sheet schematics, dynamic symbol placement,
auto-naming/numbering, BOM/Netlist, auto-ratsnest, board
pin/gate swapping with schematic back-annotation, and
interactive routing for analog and multi-layer boards,

Auto-Artgen to pen plotters, laser printers, Gerber and Excellon.

SMD-capable Autorouters do simultaneous multi-layer routing
from gridless pads. There is even 2D/3D Mechanical for
component drawings and package design. Now available on XT,
AT, 386, PS/2 with co-processors and graphics from EGA to
1280x1024. If this integration is what you need, CALL CADdy

. . . to help you succeed and stay well-connected.

CADdy Corporation

3401 Algonquin, Suite 340
Rolling Meadows, IL 60008
(312) 394-7755 or 1-800-223-3911

CIRCLE NO 35

Be An Author!

When you write for EDN, you earn professional recognition. And you earn $75 per

published magazine page.

EDN publishes how-to design application information that is read by more than

137300 electronics engineers and engineering managers worldwide. That’s an
audience that could belong to you.

If you have an appropriate article idea, send your proposal and outline to: John

Haystead, 275 Washington Street, Newton, MA 02158-1630.

For a FREE EDN Writer’'s Guide—which includes tips on how to write for EDN
and other technical publications—please circle number 800 on the Information
Retrieval Service Card.

First in Readership among Design Engineers and Engineering Managers in
Electronics.
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CALENDAR

CASE ’88 (2nd International Work-
shop on Computer-Aided Software
Engineering), Cambridge, MA.
Pamela Meyer, Index Technology
Corp, 1 Main St, Cambridge, MA
02142. (617) 494-8200, ext 1988. July
12 to 15.

Principles of RF and Microwave
Circuit Design (short course), Col-
lege Park, MD. Besser Associates,
3975 E Bayshore Rd, Palo Alto, CA
94303. (415) 969-3400. July 25 to 27.

Siggraph, Atlanta, GA. Barbara
Voss, Robert P Kenworthy Ine, 866
United Nations Plaza, Suite 424,
New York, NY 10017. (212) 752-
0911. August 1 to 5.

Midcon, Dallas, TX. Electronic
Conventions Management, 8110
Airport Blvd, Los Angeles, CA
90045. (800) 421-6816; in CA, (213)
772-2965. August 30 to Septem-
ber 1.

Surface Mount ’88, Marlborough,
MA. MG Expositions Group, 1050
Commonwealth Ave, Boston, MA
02215. (800) 223-7126; in MA, (617)
232-3976. August 30 to Septem-
ber 1.

Modern Electronic Packaging
(seminar), Santa Clara, CA. Tech-
nology Seminars, Box 487,
Lutherville, MD 21093. (301) 269-
4102. September 7 to 9.

International Test Conference,
Washington, DC. Doris Thomas,
ITC, Box 264, Mount Freedom, NJ
07970. (201) 267-7120. September 12
to 14.

Worst-Case Circuit Analysis (semi-
nar), Boston, MA. Design and Eval-
uation, 1000 White Horse Rd, Suite
304, Voorhees, NJ 08043. (609) 770-
0800. September 12 to 14.

C Programming Workshop (short
course), Seattle, WA. SSC, Box
55549, Seattle, WA 98155. (206) 527-
3385. September 12 to 15.
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AMBEIEIERS

PA19 WIDEBAND
s waos
® Thermal s il

s e 100MHz

Shutoff
® 400mA

SUPER POWER

PAO3
® 1KW
® +75W
® 30A

For more information, call our Application Hotline...
(800) 421-1865

or ask for our NEW Describes 65 choices

AMPLIFIER HANDBOOK! including military versions
...176 pages of data and applications and high-performance
information on 23 models. gradeouts.

PEX
p tech

DEDICATED TO EXCELLENCE

APEXMICROTECHNOLOGY CORP. ® 5980 N. Shannon Rd. ® Tucson, AZ 85741 USA e (602) 742-8600

BELGIQUE (02) 219.58.62 - CANADA (416) 821-7800 - DEUTSCHLAND (BRD) (06152) 61081 - FRANCE (1) 69.07.08.24

ISRAEL (03) 923 3257 - ITALIA (02) 6131341 - NEDERLANDEN 01620-81600 - NIPPON (03) 244-3511 - NORGE (2)500650

OSTERREICH (1) 505-15-22-0 - SCHWEIZ (042) 41 24 41 - SVERIGE (08) 795 9650 - TAIWAN (02) 5361157 - UK 08446 8781
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MIL-STD-1750A
SECS 80 MULTIBUS

SECS 1750/A BRINGS THEM TOGETHER!!

MIL-STD-1750A Now, the new TITAN/SESCO offers a non-development item
(NDI) Single Module Computer (SMC), the SECS 1750/A. This high performance
SMC integrates a fully compliant MIL-STD-1750A instruction set/architecture with
64K words of on-board memory. The SECS 1750/A uses the Performance Semi-
conductor Pace 1750 CMOS Microprocessor running at 15 MHz and delivers 0.85
MIPS while consuming less than 20 watts of power.

SECS 80 COMPATIBLE The SECS 1750/Ais also fully SECS 80 MULTIBUS
and SECS 80 LOCALBUS compatible which makes the balance of TITAN/
SESCO's SECS 80 computer product line available to deliver NDI systems solu-
tions to your door.
The SECS 80 line
includes 1553 in-
terfaces, serial,
parallel, analog
and peripheral
I1/0 modules,
as well as a
broad range of
chassis and
Ada software
support.

Call us now and get more information on the SECS 1750/A and the rest of our
SECS 80 militarized computer systems, the most comprehenswe llne of NDI

computer products in the world!
oo (800)423-5527
E‘l—ﬁ 20151 Nordhoff St., Chatsworth, CA 91311-6273

SEVERE ENVIRONMENT SYSTEMS (818) 709-7100 » Telex 69-1404
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DID YOU KNOW?

Half of all EDN’s

articles are staff-written.

EDN

CALENDAR

12th International Fiber Optic
Communications and Local Area
Networks Exposition, Atlanta,
GA. Information Gatekeepers, 214
Harvard Ave, Boston, MA 02134.
(800) 323-1088; in MA, (617) 232-
3111. September 12 to 16.

Connector and Interconnection
Technology Symposium, Dallas,
TX. Electronic Connector Study
Group, 104 Wilmot Rd, Suite 201,
Deerfield, IL 60015. (312) 940-8800.
October 3 to 5.

Autotestcon, Minneapolis, MN.
Steve Palmer, Unisys, 3333 Pilot
Knob Rd, Eagan, MN 55121. (612)
456-2349. October 4 to 6.

Buscon/88 East, New York, NY.
Conference Management Corp, 200
Connecticut Ave, Norwalk, CT

06856. (203) 852-0500. October 4
to 6.

Electronic Imaging Conference
East, Boston, MA. MG Expositions
Group, 1050 Commonwealth Ave,
Boston, MA 02215. (800) 223-7126;
in MA, (617) 232-3976. October 4
to 6.

Power Electronics East, New
York, NY. Conference Management
Corp, 200 Connecticut Ave, Nor-
walk, CT 06856. (203) 852-0500. Oc-
tober 4 to 6.

Frontiers ’88: The 2nd Symposium
on the Frontiers of Massively Par-
allel Computers, Fairfax, VA.
Frontiers Symposium, Box 334,
Greenbelt, MD 20770. October 10
£0 <12

International Electronic Manu-
facturing Technology (IEMT)
Symposium, Lake Buena Vista,
FL. Bill Moody, 2529 Eaton Rd,
Wilmington, DE 19810. (302) 478-
4143. October 10 to 12.
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12 BIT TIME

FREQUENCY

FOR $3995!

“TIME OR FREQUENCY AT THE PUSH OF A BUTTON.

The R350 is a PC-based 12-bit, 2-channel, 500 KHz, real-
time, FFT's analyzer. Sample i channels 51mu1tane-
_ously. 32K data buffers. Autosave spectrums to hard or floppy
disk. Two modes of spectrum averaging. Fully differential
inputs. Linear or log amplitude scaling. Amplitude and
frequency cursor. Display spectrums 5 to 10 times a second.
Print, store, retrieve and overlay spectrums. 500 KHz anti-
aliasing filters on each channel, 80db of dynamic range.

~ The R350is a PC-based 12-bit Digital Oscilloscope.
| Sample 2 channels simultaneously at 1 MHz. 32K data buffers
per channel. EMI protected metal case with power supply.
Switchable differential or single ended input impedance.
- Software-selectable gain ranges allow resolution of 200 v to
500 volts. Full analog and 100% digital triggering. Trigger

adjust potentiometer. Fully differential inputs for signal integrity.

Vertical waveform zooming. Autosave. Software drivers for
~ “C”, BASIC, and Turbo-Pascal.

At Rapid Systems, 12 bit spectrum analyzers
and digital oscilloscopes are no longer separate
and distinct instruments, each with its own high
cost.

Now you can afford both, in one PC-based
instrument: the Rapid Systems R350.

A 12 bit, 1 MHz, 2-channel FFT analyzer
and digital scope for only $3995.

PC-based to make you more productive.

The R350 is PC-based, of course. All Rapid
Systems instruments are PC-based: designed,
manufactured and tested to be ready to operate,
the minute you receive them.

Plug the R350 into a personal computer, slip
in the software disk, and you’re ready to go to
work. Totally turnkey. It’s that simple and easy
to use.

Call now for a demonstration.

For your free copy of the new Rapid Systems
catalog, to order, arrange a demonstration, or
for further information, call or write Rapid
Systems, 433 N. 34th St., Seattle, WA 98103.
(206) 547-8311, Telex: 265017UR.

RAPID SYSTEMS =gt

EDN July 7, 1988

Changing the way we think about instruments.
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IS onl
half

When it comes to delivery of
high-quality, reliable ASICs, S-MOS
wrote the book.

We did it in collaboration with
our manufacturing affiliate, Seiko
Epson. With 18 years of CMOS
experience, Seiko Epson is one of
the world’s most advanced CMOS
IC manufacturers.

Through Seiko Epson’s high-yield
manufacturing technology, we ship
millions of ASIC units a month, and

52

with a reject rate of less than .0001%.
That's our quality story.

Now we've added a new chap-
ter on design. At our advanced
R&D design facility, engineers from
S-MOS and Seiko Epson are devel-
oping new software to simplify
circuit design, simulation and the
creation of new megacells for our
extensive cell library.

Of course, you can still take
advantage of our established design

tools because S-MOS supports such
workstations as Daisy, Mentor,
Calma and PC-based systems using
FutureNet, OrCAD and ViewLogic.

Our proprietary LADS simulator
will speed up the design process.
The S-MOS engineering team will
support you from concept to
production.

If you are looking for an ASIC
program that can make your designs

best sellers, call us. (408) 922-0200.
EDN July 7, 1988
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CMOS Gate Arrays

Up to 38,550 available gates
= SLAS000 (800 ps)’;

1.2 drawn, 1. Ou Leff.
« SLA7000 (1.0 ns)*

1.5 drawn, 1. Z}L Leff.
« SLA6000 (1.8 ns)*

2.0p drawn, 1. Sp. Leff.
= SLA700B ngh Drive

Output
= SLA100L Low Voltage

CMOS Standard Cells Compiled Cell Custom

Complexities to 16K gates**

«SSC1000 (1.4 ns)*
1.8 drawn, 1. 4u Leff.
. Fully migratable from
g)S gate arrays
. RAM and ROM
blocks available

The Alternative to Full Custom
= 1.8 CMOS process
= Can utilize dissimilar
cell geometries
= 3-button approach
to custom design
= Currently over 300
fully characterized cells
= Fast 14-week
implementation time
= Timing-driven TANCELL®
place-and-route software

‘MOS
SYSTEMS

S-MOS SYSTEMS, INC.
2460 North First Street

ELL is a registered trademark of Tangent Systems.
cal propagation delay of 2-input NAND gate driving 2 internal loads with Imm of interconnect
Maximum gate utilization depends on amount of interconnect used

San Jose, CA 95131-1002
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- Siemens presents the world's first programmable And, just look at these performance features of the
Codec filter device in CMOS technology with digital SICOFI PEB2060:
- signal processing. This breakthrough is the cornerstone @ Capability for three-party conferencing.
for a new generation of digital switching systems: ® 22-pin, low-dissipation package - so 16 instead of
Signal Processing Codec Filter (SICOFI) PEB 2060 8 subscribers per module can be serviced.

; . ; : ; And that means dramatic space savings.
SICOFI can handle different international postal speci- : . .
fications. It is programmable for all systen?s in all P ® Simple board structure when used in conjunction
countries. And it is easily adaptable - in its amplifier veitReaphenal Boand Coptioller (PBC) PEB 2050 -

setting, inits input impedance, in its 2/4-wire conversion, & S;;?&:Cs?gn%lﬂzyi:*ﬂgri‘ggg 9 (fag:ger;se in connecting
and in its equalization of frequency response. menolithic SLIC components.

That means greater flexibility and convenience for produc- @ Programmable digital filters control
ers of switching systems. Manufacturing is simpler and e impedance matching e frequency response
more straightforward. One board is enough for all specs. e gain e hybrid balancing

54




SICOFI does all this without any extra external compo- Europe: Siemens AG, Infoservice 12/Z072,
nents. It is one of the most innovative circuits of the big ~ Postfach 23 48, D-8510 Furth

telecom IC family from Siemens - the complete IC USA: Siemens Semiconductor Group,
family for the telecommunications of the future and for 2191 Laurelwood Road, Santa Clara,
simplicity of design in digital communication systems CA 95054, mentioning »SICOFI PEB 2060«.

il ingne e ey The Key to digital communication systems

Siemens is ready to lead the way for you — with
experience, know-how, and pace-setting technology.
And we'll back you with comprehensive support for the
products you buy. You'll get fully detailed technical
documentation, training courses, prototype devices,
and test boards, plus dependable second-sources.

CIRCLE NO 46
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- LAE LINKS
— LieHrisIenT FROAINE

If you built your own logic analyzer...

Why make just an analyzer when
you could build a complete, flexible
logic analysis system? A modular
system with a 400 megasample/s
digitizing oscilloscope, an interactive
50 Mbit/s pattern generator, up to
400 state/timing channels available,
and a variety of features that make
it versatile and easy to use. Plus
a configurable price that you could
easily justify to the boss.

Fortunately, you don't have to build
it yourself to get all this. Just choose
the modular HP 16500A Logic
Analysis System. HP has already
done it for you.

HP Logic Analyzers:
the extra measure.
Like all HP logic analysis tools,
the HP 16500A delivers an extra
measure of value. There are four
different measurement modules to
choose from. To maximize your
investment, configure the HP 16500A,
using its five mainframe slots, with
the module combination that best
matches your budget and applica-
tion. Just imagine the possibilities
for mixing and matching:
¢ 80-channel, 25MHz state/100MHz
transitional timing module
(400 channels maximum)

* 2-channel, 400 megasample/s
digitizing scope module
(8 channels maximum)

...1t would be

» 50 Mbit/s pattern generator module
(204 channels maximum)

* 16-channel, 1 GHz timing analyzer
module (80 channels maximum)

If your applications are in
hardware, powerful inter-module
cross-domain triggering allows
high speed waveforms from both
the scope and analyzer modules
to be time correlated, giving you
unmatched analysis capability.

And you
can use
measure-
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more than a logic analyzer.

ment results for simulation by using
HP's bi-directional CAE link.

If you're a software developer,
the HP 16500A offers complete
support for popular 8-, 16- and
32-bit microprocessors. You can also
develop your own support package
for use with your custom processors
or ASICs.

But we didn't stop there. We
designed a full set of features into
the HP 16500A that make it easy
to use. A touch screen or mouse
controls functions through pop-up
menus. Use your choice of a front
panel knob or screen keyboard
to change values. Plus, there are
two built-in disc drives for data
set-up and storage, HP Auto-Scale,
EDN July 7, 1988

and color hardcopy output at
the push of a button. And the
proverbial much more.
Call for your free video!
1-800-752-0900, Ext. H215.
See for yourself
how the modular
HP 16500A Logic
Analysis System is the
logic analysis tool you'd design
yourself. Like every logic analyzer
in the HP family, it delivers the
extra measure of value you're
looking for!

HEWLETT
PACKARD
57

O
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Why our high performance
22V10 PLD is the market
leader:




EDITORIAL

The paperless-office myth

Back at the birth of business computers, various industry prophets
predicted paperless offices. In those days, when timesharing was a
computing technique and not a vacation style, people envisioned
sharing great quantities of information that was stored in a large
central computer. Thus, they thought, offices would no longer need
vast quantities of paper or the facilities to store reports and memos.

Such talk spread panic among paper and office-equipment manu-
facturers. After all, they couldn’t survive if offices no longer needed
paper and file cabinets. It turns out that the words “paperless
office” have become an oxymoron, much like “plastic silverware”
and “solid tubing.” In fact, developments in the last few years have
increased rather than decreased the amount of printed material
that offices create.

Hardly a day goes by, for example, that I don’t receive a
computer-products catalog in the mail. Over a week or two, those
catalogs add considerable bulk to the household paper trash. Not
only that, but many flyers and advertisements entice me to buy
special paper, labels, envelopes, and forms—more paper. And the
advent of the personal computer also spawned many, many comput-
er publications, magazine supplements, and newspaper sections—
even more paper.

These days, people talk about diskless workstations, but it’s hard
to imagine a computer without a printer. In fact, many computer
stores sell a desktop computer and an inexpensive printer as a
package deal. On most computers, printer-output ports are stand-
ard, and after all, a word-processing program without a printer has
little value.

The laser printer has exacerbated the situation. I receive count-
less newsletters that bear the mark of a laser printer. With a laser
printer and a desktop-publishing program, anyone can become a
publisher, editor, and promoter. The equipment can exalt even the
most modest communications. Instead of just telling people about a
meeting, for example, you can handcraft a beautiful, printed
meeting notice.

Other computer software also beckons me to use more paper. I
see ads for form-designing software that lets you create a form for
every possible use. Once hooked on such software, you'll find that
you need many more forms than you use today—and it becomes easy
to create them. Now there’s no excuse to use a small stick-on note
when you can design and use a 1-page form instead. We editors are
guilty, too: It’s easy to make profligate use of printouts for revision
upon revision of an article.

Now that I have all this wisdom about the paper-full office, I'm
sorry I didn’t invest in paper futures a few years ago. But I'm
playing it smart by looking for investment bargains among trash-
hauling and paper-recycling companies. It pays to be ready.

Jon Titus
Editor

EDN July 7, 1988
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Any color. Angled or straight. “Click™—it’s connected.
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The smallest package.

EDN July 7, 1988

I;}u.g tI‘l)eW sales .
appeal into your m
with D31’1 Ponstys
Latch-N-Lok™ Shielded
Assemblies.

Improve your system’s sales appeal with Du Pont
Latch-N-Lok modular interconnections.
Choose from the industry’s widest variety
of compact plugs and receptacles. Straight,
right-angle or combination designs. Latch
on top, bottom or side. Panels, chassis or board
mounted receptacles. And cords—coiled or
straight—in any length, with any number of
conductors, and foil, serve or braid shielding.
What's more, Latch-N-Lok can use a variety of
wire gauges (22 to 30 AWG) within an assembly.
All of these combinations can be customized
and color-coordinated to your system. Yet
Latch-N-Lok costs no more than standard

assemblies.

And Latch-N-Lok is the only quick dis-
connect pin-and-socket system. With a contact
design proven over millions of applications.

For a free sample or our free brochure call
1-800-237-4357.

Or write, DuPont Electronics, Room G-51155,
Wilmington, DE 19898.

DuPont Electronics

Share the power of our resources.

REG U's paT 8TM
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WhenYou Need
"loshiba Is

© 1988 Toshiba America, Inc.
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A Single Source,
'The One.

FLOPPY DISK DRIVES.

With our Universal Installation Kit you can easily
fit our 35”1 or 2 megabyte floppy in the slot
where a 5.25” drive used

to go. But if a 5.25” _

is what you really want,
then you've got

plenty of options
there too.

OPTICAL DISK DRIVES.
We shipped the world’s first optical
drive back in 1981. And with our
choice of 5.25” or 12” WORM drives
and our half-high CD-ROM, we're still
light years ahead.

QUALITY PRODUCTS

WITH QUALITY SUPPORT.

Floppy, optical or Winchester, you'll
find the quality drives you need at
Toshiba. Along with J.LT.

delivery, complete tech-
nical support and full
service. Because, it’s
doing it all that’s made
us the best single
source drive

WINCHESTER DISK DRIVES,

Toshiba Winchester drives are available
in 357, 5.25” and 8” diameters. With the
speeds, capacities and interfaces for
almost any application.

supplier around.
To find out how
good a source we
can be for you, call
us at 1-800-456-DISK.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA, INC.

Disk Products Division, 9740 Irvine Blvd., Irvine, CA 92718
CIRCLE NO 48
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V33: The world’s fastest 16-bi

he V33 runs fast. 16MHz fast. And it offers a 16M-byte

address space in the extended mode.

High-speed processing makes the V33 ideal for your
instrumentation or control equipment design. And the ample
address space gives you an edge in advanced PC applications.

Other top-class features of NEC's new V33 include separate
address and data buses for the 2-clock bus cycle, and dynamic
bus sizing for 8/16-bit data bus systems.

The V33 is software-compatible with
the V20 and V30.

To find out how the V33

can speed your system

For fast answers, callusat:
1:1-800-632-3531. TWX:910-379-6985. Tel:08-732-8200.Telex:13839.

©l:0211-650302.Telex:8589960. e Tel:1-3946-9617.Telex:699499.
&c Computers and Communications nds Tel:040-445-845.Telex:51923.  Italy Tel:02-6709108.Telex:315355.




R SRR R R
MICroprocessor.

The fast young minds behind

the world’s fastest 16-bit microprocessor.
Akira Kuwata and Yasuyuki Hasegawa,
architecture designers,

System Design Department,
Microcomputer Division.

UK Tel:0908-691133. Telex:826791. 0¢ 1:4819881.Telex:39726.
I ng Tel:3-755-9008. Telex:54561. £ Tel:03-267-6355.Telex:38343.

el:02-522-4192.Telex:22372. CIRCLE NO 49
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VME +
=Electronic

FCC
Solutions

The only VME System Enclosures
with EMI/RFI Compliance

With Electronic Solutions VME enclosures you don't
have to take any static about FCC compliance. Because
your VME system can meet or exceed FCC Class A Part
15 EMI/RFI standards. No other enclosure manufacturer
can make that statement.

Here’s why: Only Electronic Solutions puts a new face
on VME, an outer front panel
that—with other design fea-
tures—keeps your EMI/RFI
signals from straying. What's
more, it hides those 1/O con-
nectors and dangling cables so
your system looks a lot cleaner
and more attractive.

Electronic Solutions enclo-

e YE., sures for VME—and
“4  Multibus I/ll—come  GEMINI enclosures to 40 slots.

€pRuc

We’ll FAX you
the facts.

RMATION FAX number and type of FAX

REQUESTERINFORE

immediately.

assembled com- RULEY
> plete with card N (s P: @

Want the latest data in a hurry?
Nothing is faster than Electronic
Solutions’ new '‘FAX the FACTS"' pro-
gram. If you have a FAX machine, just
call our ‘800" number, give us your

machine, and the information you
need from us. We'll FAX it to you

cage, backplane, power supply, room for peripherals and
more. You can get slim enclosures with 3 slots all the way
up to multi-system enclosures with 40—count 'em—40
slots. And you buy them ready for your system at a tiny
fraction of what it would cost to develop your own
packaging.
In addition, there are a few
other agencies besides the
FCC that can help multiply your
system’s success. So Elec-
tronic Solutions enclosures
pass UL, CSA, and TUV/IEC
380 as well.

Call today for complete
details. Because no matter

_ : what formula you planned to

SERIES enclosures to 12 slots.  use for system packaging, put-

ting your system in our en-
IEC380 FCC

closures is the one that really
adds up.

a\ Electronic
@/ Solutions

UNIT OF ZERO CORPORATION

6790 Flanders Drive, e D’i(’ago, CA 92121 - (619) 452-9333 Telex II(TWX): 910-335-1169
Call Toll Free: (800)854-7086 In Calif: (800)772-7086
CIRCLE NO 50



PRODUCT UPDATE

Microcontroller chip features
analog and digital I /0 lines

Aimed specifically at low-cost appli-
cations in consumer-electronic
equipment and handheld devices,
the Z86C08 microcontroller chip
provides 11 digital I/0 lines and 2k
bytes of internal ROM. Three addi-
tional signal inputs accept either
digital or analog signals, depending
on how your software configures the
chip. The pC chip furnishes 124
general-purpose 8-bit registers in
addition to 15 control and status
registers that control the I/0 ports,
timers, register pointer, and inter-
rupts. The chip also provides a stack
that saves addresses and data in the
general-purpose registers.

The CMOS chip operates with ei-
ther a 12-MHz-max crystal or an
external oscillator. By turning off
the clock signals, you'll save power,
a requirement for low-power appli-
cations that depend on batteries.
The software instructions let you
select one of two power-saving
standby modes: stop or halt. The
halt mode stops the chip’s internal
clock, but not the crystal-oscillator
circuit. The stop mode, however,
stops both the chip’s internal clock
and its oscillator circuit. You can
release the wC from either the stop
or halt mode by generating an ex-
ternal interrupt signal.

The chip furnishes three inputs
that you can use to measure analog
voltages. One input connects an ex-
ternal reference voltage to two com-
parators that monitor two unknown
voltages—one at each of the two
remaining pins. When an unknown
voltage exceeds the reference level,
the corresponding comparator in-
terrupts the CPU. The CPU pro-
vides as many as six interrupts; four
from I/0 lines, which include the
comparators, and two from internal
counter/timer registers.

EDN July 7, 1988

If you already program the manu-
facturer’s Z8 pP-family chip, you'll
be able to transfer software to the
7Z86C08 directly, because the new
chip maintains instruction compati-
bility. The instruction set includes a
watchdog timer code that refreshes
a 15-msec timer within the chip. If
the timer is not refreshed within the
15-msec period, it resets the CPU.
The watchdog timer is a maskable
option, so you must specify whether
or not you want it when you order
the chip and specify your masked
ROM pattern. The pC chip is avail-
able now and costs $1.62 in 25,000
quantities.—Jon Titus

Zilog Inc, 210 Hacienda Ave,
Campbell, CA 95006. Phone (408)
370-8000. TWX 910-338-7621.

Circle No 745

Carborundum®
noninductive
ceramic power
resistors solve
tough problems.

We make three types of noninductive
ceramic resistors that can solve tough resis-
tance problems, save money and space.

Regardless of the pulse shape, we have
the resistor. Our Type SP handles large
amounts of power from 60 cycles through
VHF. Type AS can absorb huge amounts of
energy in millisecond pulses. Type A solves
high resistance problems in high voltage
situations.

For more information on ceramic power
resistors and our broad line of thermistors
and varistors, call or write today.

Standard Oil

Engineered Materials Company
Electronic Ceramics Division
PO. Box 339

Niagara Falls, New York 14302
716 278-2553

STANDARD OIL
ENGINEERED MATERIALS

CARBORUNDUM® ELECTRONIC
COMPONENTS
CIRCLE NO 51
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PRODUCT UPDATE

Sequential-sampling digital scope has
2-GHz bandwidth and 1-mV /div sensitivity

The PM 3340 2-channel digital oscil-
loscope uses sequential equivalent-
time sampling to achieve a 2-GHz
repetitive-signal bandwidth. Many
engineers think that this technique
combines extraordinary bandwidth
with high resolution, but that it
takes longer to reconstruct wave-
forms than other data-capture tech-
niques such as random sampling.
“Not so,” says Hans Toorens, prod-
uct marketing manager at John
Fluke Manufacturing Co, exclusive
US distributor of Philips’ test and
measurement products. “For cer-
tain simple waveforms, a random-
sampling scope might give you an
idea of what the picture will look
like a little sooner but, in general,
the sequential-sampling instrument
will present a complete display
more rapidly.” He further points
out that the economies inherent in
sequential sampling permit his com-
pany to offer products with a superi-
or price/performance ratio.

In the PM 3340, the sampling
gates are right at the input. After
the gates, the scope’s circuits pro-
cess medium-frequency informa-
tion. Most of the instrument does
not need—or use—costly, high-fre-
quency design techniques. Accord-
ing to Toorens, competitive instru-
ments contain a substantial amount
of wideband electronics. Whereas
the PM 3340 delivers a combination
of 2-GHz signal bandwidth, 2-GHz
trigger bandwidth, 20-psec/div
sweep speed, and 1-mV/div sensitiv-
ity, several instruments in the same
class only offer half the bandwidth
and %ioth the sensitivity. Further-
more, the PM 3340 digitizes with
10-bit resolution—four times what
some of the competitive units pro-
vide.
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The front panel of the PM 33,0 resembles that of an analog scope, but the row of softkeys to
the right of the screen and the keypad reveal its digital heritage.

The engineers who designed the
scope did not overlook the user in-
terface in their effort to provide
maximum performance. Insofar as
possible, the scope’s controls behave
like their counterparts on analog
scopes, which all potential users are
familiar with. But there are also
many convenience features that
users of state-of-the-art digital
scopes have come to expect. For
example, menus appear on screen to
the right of the waveforms; you
make your selections using a row of
softkeys to the right of the screen.
Pressing an “autoset” button
enables you to quickly obtain a
trace. Nonvolatile memory can store
250 control settings. For automated-
test applications, the unit includes
both RS-232C and IEEE-488 inter-
faces.

The scope also offers many signal-
processing capabilities. Signal aver-
aging allows enhancement of S/N

ratios; four memory registers per-
mit waveform comparisons (each
register stores 4k words—eight
times the number of samples that
appear on a full screen); an “eye”
display mode facilitates jitter meas-
urements; and firmware-based cal-
culation functions let you measure
amplitude, time, frequency, and
phase. The instrument can deter-
mine FFTs and amplitude histo-
grams. Moreover, it can add, sub-
tract, multiply, divide, integrate,
and differentiate.
Prices for the PM 3340 start at
$16,000. Delivery is six weeks ARO.
—Dan Strassberg
John Fluke Mfg Co Inc, Box
C9090, Everett, WA 98206. Phone
(800) 443-5853.
Circle No 785
Philips Test and Measurement,
Bldg HKF', 5600 MD Eindoven, The
Netherlands. Phone local office.
Circle No 786
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KILLER 10

The Z84C90: Two serial, three parallel ports
and a counter/timer on one chip.
Just think what you can do with it.

Zilog's 780 SPCT, Killer I/0;" gives you a true Lots of 1/0.

System on Silicon™" With all the advantages of CMOS You're simply not going to get more serial /parallel
technology, Superintegration,” and proven Z80 1/0 anywhere. We've put together the most popular
performance. Think of it as the door to a whole lot of  combination of discrete devices . . . two independent
NEW opportunities. synch/asynch serial channels, two independent parallel

ports, an 8-bit programmable port and four counter/
‘ timers. And, since they're all fully compatible with
| : PIO, SIO and CTC devices, you have the advantage
ly.' : ' of “commonality”
Lots of performance.
‘ : : Superintegration and CMOS technology mean the
The 280 remains the most commonly usedl :le’gmilr 2.84C90 provides plenty of performance and flexibility. 8
the industry. No Z"'}Zfz,ﬁz es: the MHz speed for instance. Plus you've got four independent
p gf’;j’;’.’ei (fau }lm()u' fm.;i trust, the counter/timers and on-chip oscillator to work with. And
gf!bemg abletig'zisé software you've the peripherals can be used in any combination you need.
“and, of course, fheres the impressive. Lots of benefits.
Shseass Ul You're designing with a highly integrated chip.
qmllﬁi?ugfr%%m : And you're working with the fz%miliar S(%ftware anrzi
RS bave contin proven performance of the Z80 Family. That’s enough
to make the Killer I/0 the best choice. But think about
the lower cost you get from less real estate, lower
manufacturing cost and reduced inventory. Think about
improved time to market. Or the higher performance
and reliability that come with super integration. And it's
all off the shelf and backed by Zilog's proven quality.

So whether you're upgrading existing designs or
looking for solutions in new applications like cellular
phones, personal computers, industrial control, or data
communications, you owe it to yourself to contact your
local Zilog sales office or your authorized distributor
today. Zilog, Inc., 210 Hacienda Ave., Campbell, CA
95008, (408) 370-8000.

Right product. Right price. Right away Zilog

ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222,
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200,
WEST GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.0.C.: Taiwan (886) (2) 731-2420, U.S. AND
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD. 69
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Making mistakes is not the problem.

Its where you make them that matters. The most inexpensive and efficient
place is on a computer, where you can change a design in minutes. Building a
prototype, on the other hand, can take days.

You can streamline the process even more by integrating the design steps
with the rest of the manufacturing operation. So everyone, from engineers and
draftsmen, to machinists and floor managers, works together more efficiently.

Stop manutacturing your mistakes.




This approach to manufacturing is called Computer Integrated
Manufacturing (CIM). And no one is better able to help you start CIM than IBM.
In fact, we have the hardware, software, support and experience it takes to tie
your entire business together.

That’s not just a lot of talk, either. We have the successtul customers to prove
it. So instead of paying for your mistakes, catch them before they cost you. Call

1-800-IBM-2468, ext. 37. We'll help you do it right the first time.

=52 'The Hi!}%‘( rer Picture




READERS’ CHOICE

Of all the new products covered in EDN’s April 14, 1988, issue, the ones reprinted here generated the most reader
requests for additional information. If you missed them the first time, find out what makes them special: Just
circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in our April
14, 1988, issue, or use EDN’s Express Request service.

VOLTAGE TRIPLER

The SL6670 provides voltage tri-
pling without the use of external
inductors or transformers by em-
ploying charge-pump techniques
(pg 255). It is programmable via
an external resistor.

Plessey Semiconductors Ltd
Circle No 601

Plessey Semiconductors

Circle No 602

A DSP IN-CIRCUIT EMULATOR
The 320C25 ICE Pak is a low-cost in-circuit emulator
for Texas Instruments’ TMS320C25 DSP chip (pg 98). A CAMERA ASSEMBLY

You can use it with any host computer or terminal by v, only need to add a chassis and lens to this solid-
plugging it into the host’s RS-232C port. state image sensor assembly to produce a black-and-
MF““’“"“ white video camera suitable for surveillance or ma-
Circle No 605 chine-vision systems (pg 270).

Philips

Circle No 603

SCIENCE TOOLS Amperex Sales Corp

The Science and Engi- e
neering Tools package
consists of a set of C
functions for general sta-
tistics, multiple regres-
sion, curve fitting, inte-
gration, FFTs,
differential and simulta-
neous equations, matrix
math, complex math,
?Ir)lgd ;}5(53;:'131 functions dor (pg 280).
QuitinCiirtis Cf)lorado Memory Systems Inc
Circle No 607 ‘ Circle No 606

A TAPE SYSTEM

The Jumbo 40M-byte tape backup
system for IBM PC, PC/XT,
PC/AT, PS/2, and compatible com-
puters can store 10M bytes of data
for an IBM PC/AT within five to
six minutes, according to the ven-
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Conservative thermal design -

Shindengen designed and

massive heatsinks and substantial manufactured power semi-
component derating keep conductors and control
temperatures low and reliability high hybrids

Full-load operation {0 =————————
50°C without fan cooling
High value,
250V rated
storage bus caps
Output “On” provide extended
~ LED indicator for i
simplified system

 faultfinding

Input line

 transient and ~ Built-in EMI filter meets FCC
electrostatic discharge and VDE Level B requirements down to
protection 10 KHz keeping total system costs down

Compare. ;
Our Switcher Designs

Pick a Shindengen switching power supply from 15 to 2,250 watts, single or
multiple output, open-frame or enclosed. Compare our designs, component-by-
component, with those of our competition: thermal management, derating
factors, worst-case temperatures. Compare MTBF and field reliability data.
Shindengen has a design philosophy and a combination of features that stand
up to the closest scrutiny.

Call us today for literature or an evaluation sample to make your own
comparison. You won't be disappointed.

Shindengen—for 40 years a world leader in power conversion.

Shindengen ¥ America, inc.

2649 Townsgate Road ¢ Suite 200 » Westlake Village, California 91361
(805) 373-1130 * FAX (805) 373-3710 » 1(800) 634-3654 (except California)
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WITH ALLTHIS
GOING FORYOU,

Convenient standoffs aid Closed-bottom design
cleaning and heat prevents solder wicking—
dissipation. without troublesome mylar

covers.

Highly-reliable GTH™
contact system holds chip
firmly in place —without
awkward retention clips.

Easy-access probe holes
speed testing.

Low-profile design saves
space.

Visual orientation guides
speed installation.

WHY SETTLE FOR
ANYTHING LESS
IN A CHIP CARRIER
SOCKET?

CHIPAK "™ —it’s the finest chip carrier socket on the features you’ll ever want or need in a chip carrier socket.
market today. And the only one that combines all these Low-profile design to save space. Convenient standoffs to aid
important features in a single design. cleaning and heat dissipation. Easy-access probe holes and

easy-to-spot orientation guides to speed instal-
lation and testing. And finally, an easy-to-use
chip extraction tool that, unlike others,
accommodates every socket size—quickly
F' and safely.
With all this going for you, why settle
for anything less? Available in sizes from

In fact, everything about our CHIPAK sockets has been
engineered for maximum reliability and installation ease.

Our closed-bottom design, for example, eliminates
the danger of solder wicking —without the trouble-
some mylar covers required in open-bottom
designs. Our GTH™ contact system grips the
chip tightly in place and insures good-as-gold
performance —without cumbersome chip 20 through 84 contact positions. Call or
retention clips. P write for complete details: Burndy Corporation,
In short, CHIPAK combines all the e Norwalk, CT 06856. (203) 852-8337.

THE BEST CHIP EXTRACTION TOOL IN THE BUSINESS!
Foolproof. Easy to use. Convenient. One tool does it all. Accommodates full range of chip sizes.

-% BURNDY
CUSTOMER SATISFACTION COMES FIRST 58158
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WITH THE
WRONG ASIC
DESIGN TOOLS
YOU COULD
BLOW
THE WHOLE
PROJECT



Y
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/
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VLSI Technology’s software is the fastest,  success of your finished ASIC chip.
surest way to create successful ASIC chips. EVERYTHING’S FASTER WHEN YOU
Our tools accelerate each and every step of HAVE AN ASSISTANT.
Our Design Assistant™ tool partitions your
chip and estimates chip size, power consump-

the design process.
And our years of experience insure the

WITH VLSIS ASIC TOOLS, YOUCAN




tion, and packaging possibilities. In short, it tells
you the best silicon solution to your problem.
Simply enter your design in block dia-
grams and global interconnect forms. Design
Assistant shows you ways to implement it.

" BLOW RIGHT BY THE COMPETITION.

Gate array, standard cell or cell-based.

You can run dozens of “what if” configura-
tions in a few hours. In no time, you'll have
the crucial information you used to wait for-
ever for vendors to supply.



STREAMLINED DESIGN,
COMPLIMENTS OF OUR COMPILERS.
Our logic and memory compilers create
multipliers, PLAs, or super fast SRAM

memory blocks as fast as 8ns.

And weve got a couple of “expert” com-
pilers for cell-based or gate array designs that
think exactly the way you do.

When you design a datapath, you think
of it as a linear schematic, right?

Well, our Datapath Compiler just happens
to use schematics as input. Complex multi-bit
datapaths practically pop right out of it.

When you design state machine and other
logic blocks, you think in terms of equations.
Our State Machine Compiler does, too.

And it even optimizes your equations.

GET IT TOGETHER. FAST.

Ready to place and route your cell-based
design? Just call up our Chip Compiler.

It provides floor-planning and auto-routing.

It works with our compilers and standard cell
libraries to produce an optimized layout.
It even pours standard cells into the gaps

CONCEPT EXPRESS™:

between blocks to make sure you use the
minimum chip area required.

How fast does it work? Glad you asked.

A company came to us with a layout that
took them three months. We did it in two days.

TO BE FAST,
YOU HAVE TO BE FLEXIBLE.

Only our Portable Library lets you choose
gate array or cell-based, 1.5p or 2y, after you've
completed your logic design.

It can allow you to do that because your
library always remains stable. No matter what
process you use.

Process obsolescence is now obsolete.

IF YOU NEED TO GET THERE FAST,
TAKE THE EXPRESS.

You can buy VLSIs tools in six configura-
tions. From our quick, easy-to-use Logic
Express™ to the powerful Design Express™

If youd like to find out how quickly you
can design successful ASIC chips, give us a
call at (800) 872-6753.

Because when you're driving to market this
fast, it's good to have insurance.

SILICON EXPRESS™:

;IThe..Concépt‘Exp;resg Design System's

s

This desigv insegrates all the eriphieral

highly productive logic tools and
silicon compilers were used to develop
this very-large-scale ASIC. It incorpor-
ates a 2901 datapath, RAM, ROM,
and over 3,400
gates of
random
logic.

control logic, a register file, a refresh
counter, and five peripheral chips onto
a die size of 275x 315 mils. The logic
design, layout, and verification were

completed in
only 12
weeks.

chips for an AT computer with six
megacells and control logic. Using the
Silicon Express Design System, logic
and physical designs like these can be
implemented in
under two
man
months.

@ VLSI TECHNOLOGY, INC.



Introducing 100MHz performance for $3465
in a general purpose digitizing oscilloscope.

m Instant Hardcopy Output HP Auto Scale, dual timebase windowing
B Full Programmability and four separate set-up memories.
B Automatic Measurements You get versatile, programmable
m Pushbutton Automatic Set-up 100MHz measurement capability. Plus
m Advanced Logic Triggering there are passive probes and a new
B Easy to Use TV/video pod among a wide selection
The new HP 54501A Digitizing of accessories that make your job
Oscilloscope is, without a doubt, the even easier.
general purpose digitizing oscilloscope Call for a free video and a discount.
you've been waiting for. It does what 1-800-752-0900. Ext. K215
most analog scopes will do and it pro- A i ’ i
vides additional performance capabilities Free Video: to see
found in the most expensive digitizing the HP 54501A in
oscilloscopes. action, ask for our
: : free application \
Compare at twice the price. demo video that pro-

The combination of low price, high per-  vides all the details.
formance and a full set of features makes $800 Discount: for a

the HP 54501A the best scope available, limited time, get an $800

even when compared feature-for-feature Discount when you buy an

to competitive scopes costing up to HP 54501A/HP 8116 Pulse Generator
twice as much. combination. Ask for details

An intuitive operating interface makes when you call.
the HP 54501A extremely easy to work with.
And it's packed with features that make set- [ﬁﬁ HEWLETT

ups and measurements a snap—including  ©1988 Hewlett-Packard Co.  EI5802/EDN PACKARD
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Going any less than five
in our measurements tt
of the rest would seem |

Schlumberger
Schlumberger Instruments Schlumberger Instruments
20 North Avenue, Burlington 50, avenue Jean-Jaures - BP 620-06
MA 01803 - USA 92542 Montrouge - France
Tel.: (617) 229-4825 Tél.: (1) 47.46.67.00

EDN July 7, 1988



limes faster
an the best
D) US second-rate.

60 70 80 90 100

Schlumberger Instruments is ahead of the game in more ways than one. Take our new range of Optical Time
Domain Reflectometers, for instance. They allow optical fibers as long as 70 km to be verified in a mere two
minutes. The best of our competitors takes ten. This concern with optimizing measurement speed and ease
of use is typical of our approach. We spend long hours building time-saving solutions into our instruments...
like application-specific software, and memories for post-processing.

Solutions like these have placed Schlumberger Instruments in the forefront of a field as demanding as
telecommunications. But in aerospace, mechanical analysis, radio test and electronics service, our
customers also appreciate our winning ways.

After all, time is of the essence. And at Schlumberger Instruments, our customer’s time is every bit as
precious as our own.

Born to set tomorrow’s standards in measurement reliability.

Schlumberger
Instruments

Schlumberger Instruments Schlumberger MeBgerate GmbH Schlumberger Sistemi Spa
124 Victoria Road, Farnborough Ingolstadter StraBe 67a Divisione Instruments
Hampshire GU14 7PW - England 8000 Miinchen 46 - West Germany Via Mecenate 90

Tel.: (0252) 544433 Tel.: (089) 31889-0 20138 Milano - Italia

Tel.: (02) 502294/502278
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INTEGRATED

CIRCUITS

urrent-feedback
Op amps ease
high-speed circuit design

Because they’re free from gain-band-
width limitations, current-feedback op
amps excel 1in high-frequency and fast-
settling circuitry. The latest models also
achieve a fair amount of dc accuracy
without sacrificing speed—an important
consideration when you’re designing
high-frequency circuits such as flash

A /D converters.

Peter Harold, European Editor

high-speed A/D and D/A converters, video driv-

ers, pulse amplifiers, and radar and IF pro-
cessors—current-feedback op amps offer particular ad-
vantages, such as a very wide bandwidth that’s
independent of closed-loop gain. They also provide a
fair degree of precision, sparing you the painful choice
between speed and precision that conventional voltage-
feedback op amps usually require you to make. Cur-
rent-feedback op amps (or transimpedance amps) settle
quickly, provide a linear phase response, and are gener-
ally free from stability problems. And although they
might at first glance seem more expensive, they could in
fact save you money: Unlike a conventional op amp, a
current-feedback type doesn’t require any individual
tweaking to meet performance requirements in high-
speed or high-frequency applications.

Unlike a conventional op amp, a current-feedback op
amp can achieve high speed without a huge sacrifice in
de performance. Models with bandwidths of over 100
MHz are available with input offset voltages as low as
0.3 mV typ and input-offset-voltage temperature coeffi-
cients of 5 pV/°C. In addition, because current-feed-
back op amps aren’t subject to the gain-bandwidth-
product restrictions of conventional op amps, you can
alter the closed-loop gain of the current-feedback de-

I |‘0r high-frequency applications—for instance,

EDN July 7, 1988



100-MHz, low-offset-voltage op amp (Analog Devices Inc)

vices without affecting their frequency response.

Although many analog-signal-processing applica-
tions, such as video- and IF-signal amplifiers, require
high-bandwidth op amps, it’s today’s trend towards
processing analog signals in the digital domain that
places the greatest demands on op-amp performance.
Almost by definition, digital-signal-processing (DSP)
systems start off by capturing a real-world analog
input, and more often than not, they end up with an
analog output in the form of drive waveforms for a CRT
display. Therefore, you'll almost certainly find an A/D
converter at the front end of a DSP system, and a D/A
converter at the back end. To accurately model the
system’s analog input in the digital domain, this A/D
converter must satisfy the requirement of Nyquist’s
sampling theorem. This theorem requires that the A/D
converter sample the input signal at twice the frequen-
cy of the signal’s highest frequency component that has
an amplitude greater than the ADC’s least significant
bit. .

To digitize the output of a high-resolution video
camera, for example, you'll need to digitize the camera’s
analog output signal at around 15M to 20M samples/sec.
To buffer and scale this signal to suit the input of an
8-bit A/D converter, you'll need an op amp that can
settle to within 0.5 LSB (0.2%) in well under 50 nsec.

EDN July 7, 1988

This settling time is not outside the capabilities of a
conventional high-speed op amp (especially if you can
operate it at a gain close to 1, where it has optimum
settling performance), but it would require some fairly
clever compensation circuitry. That settling time is,
however, well within the capabilities of a low-cost,
general-purpose current-feedback op amp. By using a
suitable current-feedback op amp, you can also be sure
that you won’t need to tweak the individual A/D con-
verters during production to ensure their consistent
performance.

Current-feedback op amps outperform conventional
types in applications that require further increases in
speed or resolution. A 12-bit flash A/D converter, for
example, often uses a 2-pass subranging technique to
achieve its 12-bit resolution. On the first pass it typical-
ly digitizes the input signal to only 7-bit resolution.
During the second pass, it feeds back this 7-bit result to
the input via a 7-bit D/A converter whose output is
accurate to 12 bits. At the input, the D/A converter’s
output voltage is subtracted from the input signal so
that the A/D converter can digitize the residue to
obtain five more bits of resolution. In such an A/D
converter, the residue must be scaled to the full input
range of the A/D converter: In this case, it must
operate at a gain of 32. To aggravate matters, the op
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Settling to 0.2% accuracy in under 50
nsec 1s within the capabilities of even a
low-cost, general-purpose current-feed-
back op amp.

amp must be able to drive the highly capacitive input of
the flash converter’s comparator chain.

Because conventional op amps are subject to a gain-
bandwidth limitation, operating a conventional op amp
at a gain of 32 will reduce its closed-loop bandwidth by
a factor of 32 (as compared to its closed-loop bandwidth
at unity gain), seriously impairing its settling time. Not
so for a current-feedback op amp: They’re not re-
stricted by the gain-bandwidth product (see box, “Cur-
rent-feedback defies gain-bandwidth limitations”), and
their closed-loop bandwidth and settling times, there-

fore, remain relatively unchanged over the gain range
of 1 to 20. Even at higher gains, the bandwidth falls by
only about one third when you increase the gain to
around 40. As aresult, a current-feedback op amp is the
ideal choice for the residue amplifier in subranging flash
A/D converters.

Comlinear Corp had this application in mind when it
designed the CLC501, its latest current-feedback op
amp. The relevant specifications for this device pertain
to a gain of 32, where it has a typical bandwidth of 80
MHz for a 5V p-p output signal, and typically settles to

A current-feedback op amp owes
its ability to maintain its band-
width over a wide range of
closed-loop gain settings to its
internal architecture. Unlike a
conventional op amp, which re-

V2=V].

the equation

verting and noninverting inputs Apw R

to the same potential, the cur-

However, V,=I;yyvXA,, and

When you substitute these
equations into Eq A, you obtain

lies on feedback to drive its in- Moo Yil

Current feedback defies gain-bandwidth limitations

Vo__ G
vV, G’
1+
A(s)

which shows that the ideal
closed-loop voltage gain for the
Yo Vi V1 two types of op amp (that is,
G g when the op amp has an infinite
A, is the same and is equal to

©)

rent-feedback op amp’s which rearranges to G.
noninverting and inverting in- However, in reality A, is a
puts are linked by a unity-gain 1+ R, polynomial function of frequency
buffer. As a result, the op amp’s b _Rl_ with zeros and poles. In other
inverting input automatically as- Vi i R, words,
sumes the same potential as the Ay
noninverting input and has a . Ny
very low input impedance, to or  Letting i B
from which current can flow.

The output stage of the cur- gZ G Substituting N/D,, for A, in

1

rent-feedback op amp is a
transimpedance amplifier with
high gain (A that senses the
current flowing in the op amp’s
inverting input and generates a
corresponding output voltage.
As you can see from the accom-
panying figure, the current that
flows at the op amp’s inverting
input (I;yy) is given by the
equation

as you would for a conventional
op amp with the same feedback
configuration, gives you

Vo at G

Vi Ry’
1+ 52
A(i)

(B)

When you compare Eq B with

Eqs B and C yields a closed-loop
gain for the current-feedback op
amp:

Vo _
v,

N(s)
G N(s) + R2D(s).

For a conventional op-amp, the
substitution yields a gain of

Yo
v,

N(a)

G N(a) + GD(S)'

Iw=L-15L the closed-loop gain equation for
Sl ek (] (A) " a conventional op amp, you ob- By comparing these two equa-
R, ¢ tain tions, you can see that in the
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0.05% in 12 nsec. The op amp also incorporates another
important feature that makes it suitable for use as a
residue amplifier—it has programmable output-voltage
clamping, and it recovers from the condition in which
the output is clamped in 1 nsec typ (<3 nsec max). The
output clamping protects the A/D converter’s input
during the transients that can occur when the residue
amplifier is switched in and out of the signal path, or
when it’s subjected to the full input signal before the
feedback has been applied.

The device’s clamping function should suit it to other

applications that require fast overload recovery—for
example, radar equipment and optical transducers. You
can set separate positive and negative clamping levels
by applying dec voltages to two of the device’s pins. A
simple resistive divider is all that’s necessary to estab-
lish these voltage levels. Alternatively, because the
clamping-voltage inputs have their own 3-dB band-
width of 50 MHz, you can drive them dynamically at
high frequencies to achieve functions such as pulse-
height modulation.
Text continued on pg 90

conventional op amps. For exam-
ple, the bandwidth of a typical
current-feedback op amp that
has a 3-dB bandwidth of 220
MHz only falls to around 180
MHz when you increase the
closed-loop gain from 4 to 40.
For the same gain change, a con-

CURRENT FEEDBACK

—0 Vo ventional op amp’s bandwidth

would fall to around 20 MHz.
The approximate, dc closed-
loop gain equations for a cur-
rent-feedback op amp are the
same as those for a conventional
voltage-feedback op amp. For
most current-feedback op amps,
the feedback resistor, which usu-
ally has a value of between 1
and 2 kQ), is integrated in the
device. The device’s ac specifica-
tions all assume this internal

feedback resistor is being used.
Therefore, unless you wish to

deliberately restrict (or try to

current-feedback op amp—unlike
the conventional op amp—the
position of the poles (contained
within D), and hence the band-
width of the current-feedback op
amp, is not dependent on the
closed-loop gain. Provided that
you keep R, constant, you can
change the closed-loop gain of a
current-feedback op amp—with-

out affecting the op amp’s pole
positions or the circuit band-
width—by changing R,.

In practice, second-order ef-
fects do result in some degree of
bandwidth limitation as you in-
crease the closed-loop gain of a
current-feedback op amp, but
these are slight compared to the
gain-bandwidth limitations of

improve) the device’s bandwidth,
you should use the internal feed-
back resistor whenever possible.
If you use an external feedback
resistor, you must take particu-
lar care in laying out the circuit
in order to to minimize the ca-
pacitance to ground at the op
amp’s inverting input.
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REPRESENTATIVE CURRENT-FEEDBACK OP AMPS

|  FREQUENCY-DOMAIN PERFORMANCE . TIME-DOMAIN PERFORMANCE ~ .
{o-08 BanowioTh | FLLEOWER | DISTORTION | g1 ew mate |seTTLinG Time |sTep | M5 o T e gl
| MHg) “WMHz) | LEVEL (0B), [FREQUENCY | (VIJSEC) (NSEC) | SIZE | (cpc, |SIZE ()
. | . "% | HARMONIC | (MHz') sat (mVy
ANALOG DEVICES 46 AT Ay =-1 80 TO 0.1%
AD846 31 AT Ay=-10 6.8 AT 20V p-p | 0.0002% THD 100 kHz 450 10V 10 10V 25 uV
15 AT Ay=-30 110 TO 001%
100 AT Ay =-1 18 TO 0.1%
AD9610 95 AT Ay =-10 — -55, THD 20 > 3500 5V <35 5V +03
75 AT Ay =-20 30 TO 0.02%
-54, 2ND 13 TO 0.1% 1315 i\%
AD9611 >280 AT Ay=-5 | 210 AT 3V p-p 60 1900 16 TO 0.05% 3V +05
-58, 3RD INTO 509 LOAD 14116 3V
WAO1 | 150 AT VouT= | - . o , '(-»51)&4 -
WAQIA | 4V pp AND | 40 AT 20V pp -~ — 4000 | 207001 | v | 325 |20v | ol
. . | 'ouT=sdmA . L ~ ' , s .
COMLINEAR 170 AT Ay = +4 —48, 2ND 23 5V
CLC103A 150 AT Ay=+20 | 80 AT 20V p-p 20 6000 10 TO 04% 10V 10
130 AT Ay = £40 —48, 3RD 4 20V
100 AT Ay = 4 -52, 2ND 18 TO 0.1% 36 2V
CLC200A 95 AT Ay =120 | 25 AT 20V p-p 20 4000 10V 10
90 AT Ay = £40 -58, 3RD 25 TO 0.02% 4 20V
100 AT Ay =14 -52, 2ND 18 TO 0.1% 36 v
CLC201A 95 AT Ay=+20 | 50 AT 20V p-p 20 4000 10V 05
90 AT Ay = +40 -58, 3RD 30 TO 0.02% 4 20V
180 AT Ay =4 -55, 2ND 25 5V
CLC203A 160 AT Ay=+20 | 60 AT 20V p-p 20 6000 15 TO 0.2% 1ov 05
130 AT Ay = 40 -55, 3RD 4 20V
190 AT Ay = t4 -57, 2ND 22 TO 0.1% 22 2v
CLC205A 170 AT Ay= %20 | 100 AT 10V p-p 20 2400 10V 35
120 AT Ay = £40 -68, 3RD 24 TO 0.05% 48 10V
200 AT Ay=+4 -59, 2ND 19 TO 0.1% 20 2V
CLC206A 180 AT Ay =20 | 70 AT 20V p-p 20 3400 1ov 35
90 AT Ay = 40 -67, 3RD 22 TO 0.05% 7 20V
200 AT Ay = *4 -58, 2ND 8 TO 0.1% 19 2v
CLC220A 190 AT Ay = +20 |100 AT 10V p-p 20 7000 5V 10
160 AT Ay = 40 -62, 3RD 15 TO 0.02% 2 5V
200 AT Ay = t4 -58, 2ND 15 (TO 0.1%)
CLC221A 170 AT Ay = £20 |130 AT 10V p-p 20 6500 5V 21 2V 05
120 AT Ay = +40 -62, 3RD 18 (TO 0.02%)
165 AT Ay=+1 -55, 2ND 12 (TO 0.1%) 5V 2 2V
CLC231A 165 AT Ay=+2 | 95 AT 10V p-p 20 3000 1
120 AT Ay=£5 -59, 3RD 15 (TO 005%) | 2.5V 5 1ov
105 AT Ay =4 48, 2ND 4 5V
CLC300-A, -B| 85 AT Ay=+20 | 45 AT 20V p-p 20 3000 20 (TO 0.8%) 1oV 10
70 AT Ay = 140 -48, 3RD 7 20V
220 AT Ay = %1 -60, 2ND 1200 10 (TO 0.1%) 16 05V
CLC400 | 200 AT Ay=+2 | 50 AT 5V p-p 20 700 (AT Ay 2v 2
60 AT Ay=+8 -60, 3RD =0T02) 12 (TO 0.05%) 65 5V
180 AT Ay=+7 -45, 2ND 25 2V
CLC401 150 AT Ay=+20 | 100 AT 5V p-p 20 1200 10 (TO 0.01%) 2V 3
75 AT Ay = £50 -60, 3RD 3 5V
120 AT Ay =20 -45, 2ND 43 v
CLC501 80 AT 5V p-p 20 1200 12 (TO 0.05%) 2V 15
80 AT Ay =32 -60, 2ND B 5V
50 AT Ay=1 T ' Py T B ; e s
L = B ﬁ(iNTOS”gm) 90 (T0 0.1%) ’wsv»:a:vg?of;' % 3
Bmmee Ul wmawe L L
B ATAV=2 | @ - 1 3 fop 22(T001%) 25V | 21 | 2v i
. o L b - 43 | 1ov .
PRECISION OP260-A, -E,| 8 MIN AT Ay=
MONOLITHICS F G 170 50 (-A, —E) 8 MAX
5 MIN AT — = - 300 c = = - (-F) 9 MAX
Ay =100 (-G) 10 MAX
NOTES:
* EXCEPT WHERE SPECIFIED OTHERWISE 3. PRICE QUOTED IS FOR THE LEAST EXPENSIVE VERSION
1. ALL VALUES QUOTED ARE TYPICAL VALUES AT 25°C UNLESS OTHERWISE STATED, 4. ABS MAX=ABSOLUTE MAXIMUM VALUE
AND SHOULD THEREFORE ONLY BE CONSIDERED AS A GUIDE IN COMPARING OP AMPS 5. THD=TOTAL HARMONIC DISTORTION

2. WHERE APPLICABLE, ALL SPECIFICATIONS ASSUME THE OP AMP'S INTERNAL
FEEDBACK RESISTOR IS BEING USED
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- ieer OUTPUT DRIVE SiheeuT TEST CONDITIONS
VOLTAGE DRIFT | ; , SUPPLY CURRENT | CLOSED-LOOP | SUPPLY | LOAD | PACKAGE | PRICE (100) COMMENTS
(iVPC') | CURRENT (mA) | VOLTAGE | (mA, NO LOAD) GAIN  |VOLTAGE| (0)
.52 8PIN TO-99,
£50 MIN £10V MIN 5 o +15v | 500 $450TO $1875|  HIGH PRECISION
(K)1 8-PIN DIP
15 £50 MIN £10V 21 -10 15V 200 12PINTO8 | 84988 TO §79 | LOW OFFSET AND DRIFT
70 AT 5V
+5 £50 3V e5 +5V 100 12PINTO8 | $847TO $125 | LOW OFFSET AND DRIFT
74 AT _5V
(o1 15 £TIV AT 04A (WAO1) $107.20
(-01A)10 | 400 ABSMAX | t1vATOIA | 25 i £15V |FULL LOAD| 8PINTO-3 |(WAO1A) $139.40 HIGH POWER
+11V MIN F
50 +200 ABS MAX | =11V MY 30 20 +15V 100 24-PIN DIP $128 HIGH OUTPUT CURRENT
35 £100 ABS MAX |£ 12V NO LOAD 29 20 £15v | 200 12:PIN TO-8 $92 GENERAL PURPOSE
5 £100 ABS MAX |+ 12V NO LOAD 29 20 +15V 200 12.PIN TO-8 $99 LOW OFFSET AND DRIFT
£11V MIN
5 £200 ABS MAX 30 20 +15V 100 24-PIN DIP $135 HIGH OUTPUT CURRENT
NO LOAD
1 50 £12V NO LOAD| 19, 56 AT 5V 20 15V 200 12.PIN TO-8 $56 Lo Kbt
1 £100 +12V NO LOAD| 28, 87 AT 5V 20 £15V 200 12-PIN TO8 $56 OVERDRIVE PROTECTED
£10V MIN
35 +£50 ABS MAX 30 20 +15v | 200 12-PIN TO-8 $105 GENERAL PURPOSE
NO LOAD
£10V MIN
5 +50 ABS MAX 30 20 £15V 200 12.PIN TO8 $1i2 LOW OFFSET AND DRIFT
NO LOAD
10 100 ABS MAX |12V NO LOAD 18 2 +15V 100 12.PIN TO-8 $56 Lmi%’ﬁi&{fgﬁﬁ;gg
(A) $39
25 £100 ABS MAX +10v 24 20 £15V 100 PP | L9580
b LOW-POWER OP AMP FOR
20 £70 +35V AT Ay=5 15 2 +5V 100 o) $1550 USE AT GAINS BETWEEN
£1 AND 48
T LOW-POWER OP AMP FOR
20 £70 +35V 15 20 +5V 100 Ko oo $1550 USE AT GAINS BETWEEN
£7 AND £50
PROGRAMMABLE OUTPUT
10 +70 £35V 18 32 +5V 100 8-PIN DIP $17.10 CLAMPING; RECOVERS
FROM OUTPUT CLAMPING
IN 1 NSEC TYP
510 : PIN DIP, ‘
b QVER | SPZIRNIRT | iR 9 1 15V | 100 |20LEADPLCC,|  $485 S A
JEMPERATURE| e 20-PAD LCC |
o "£100 ABS MAX | %12V NO LOAD 18 2 15V 100 12PINTOS | $65T0897 |  LOW POWER
o5 : ' DUAL OP-AMP; OFFSET
A E)2SMAX | £12VMIN | 11 MAX FOR 8-PIN DIP, '
£20 MIN = 15V = 795 VOLTAGE MATCHING TO 1
(F) 30 MIN 142 LOAD | BOTH OP AMPS T0-99 00 hetana
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Micrograph of low-cost, 50-MHz op amp
(Elantec Inc)

The settling-time performance of current-feedback
op amps makes them equally attractive as an output
stage for high-speed D/A converters. As a bonus, if you
use the op amp in an inverting gain mode, the low input
impedance of the op amp’s inverting input effectively
shorts out the output capacitance of the D/A converter,
reducing the effect that this capacitance has on the
overall settling time.

As you increase the resolution of high-speed A/D and
D/A converters, you'll also need to improve the de
performance of the front and back-end amplifiers. In
particular, an op amp’s input-offset voltage and drift
will become critical. For example, for a 12-bit A/D
converter with a 10V input range, you’ll require the op
amp’s output offset (input offset x gain) to be less than
1.25 mV (0.5 LSB). A number of recently introduced op
amps are capable of such performance. Analog Devices’
AD-9610 and -9611 and Comlinear Corp’s CLC-201A,
-203A, and -221A, for example, all spec an input offset
voltage of 0.5 mV or less and an offset voltage drift of
5uV/°C. At the same time, they provide small-signal (2
to 4V p-p depending on the device) bandwidths of 100
MHz or more at low gain values, and they settle to 0.1%
or better in under 20 nsec. (Note that these numbers
are all typical values at 25°C, so unless you’re prepared
to test and select op amps for specific parameters, make
sure you check the devices’ absolute maximum specifi-
cations over the required temperature range before
committing to a design.)

Commensurate with these op amps’ low input offset
voltages are their input bias currents and input-bias-
current drifts, which are both relatively low compared
to those of other current-feedback types. The inverting

90
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Even when operated at high gain levels,
current-feedback op amps don’t sufter
from restricted bandwidth.

elantec _
EL2020RLE MR

input of the AD9610 specs =5 pA and 70 nA/°C; the
noninverting input specs =15 pA and =30 nA/°C. For
the AD9611, those figures are +1 pA and =140 nA/°C
and =1 pA and =75 nA/°C, respectively. For both
inputs of the Comlinear devices, the numbers are 5 pA
and 50 nA/°C. (The numbers given are all typical values
at 25°C.) You’ll note from these figures that in a
current-feedback op amp, the bias currents and bias-
current drifts are not always as well matched at the
inverting and noninverting inputs as they are in a
conventional op amp.

What’s more, for some devices you can’t always
guarantee that the temperature drift at both inputs
will be in the same direction. As a result, you can’t
always mimimize bias-current errors by driving both
inputs from the same source impedance as you would
with a conventional op amp. Because the value of the

High-speed, 400-mA-output op amp (Apex Microtechnology Corp)
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SERVING WORLD-WIDE NICHES
WITH WORLD-CLASS IC PRODUCTS

What is a niche?

To many companies, a niche is a market segment targeted
by the sales department. At Silicon Systems, a niche is a
segment of the market in need of specialized products and
services, a segment not well served by the large general-
purpose companies. We target such niches at the highest
level of our company—well in advance of the actual market
needs. In this way, we have brought forth some of the
industry’s most innovative products.

The Microperipheral Niche.

While pioneering the development of single-chip read/write
amplifiers for disk drives, we very early recognized the need
for a family of highly integrated disk drive IC's. Today, as
the leading supplier of read/write amplifiers, we also offer
the industry’s most complete line of integrated circuits for
every other major function in disk drive electronics.

The Telecommunications Niche.

Vs

In 1979, when we were first o fully integrate a complete
dual tone multiple frequency (DTMF) circuit on a chip, we
also selected telecommunications as yet another important
niche in need of special products and services. Today,
Silicon Systems leads the industry with its highly-integrated,
pin-out and register-compatible, K-Series family of modem
IC's to serve operating modes world-wide.

The Custom/Semicustom Niche.

And because we started life as a custom design house,
superior design and engineering shall always remain
paramount at Silicon Systems. It's a superiority that allows
us to create and produce complex analog and digital
designs on the same chip, fo create special bipolar and
CMOS monolithic circuits that other companies are unable
to produce. It is a capability key to our success—a capability
available to you for your most demanding custom and
semicustom designs.

Call Now!
(714) 731-7110, Ext. 575

For more information on our company, our products or our
capabilities, contact: Silicon Systems, 14351 Myford Road,
Tustin, CA 92680.

INNOVATORS IN J INTEGRATION

Jili ﬂmem

“Where we design to your applications.”
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Although they can’t match conventional
precision op amps, current-feedback op
amps are available with low offset and
drift characteristics.

SUMMING
NODE
249 249
Vin O VWA VWA
T: 0.022 yF
<
) $110 & 0 Vour
>
$ 909 J[
001 wF 15K
9 |(
o 100
oP-27 AAA
.

0.033 pF

e 31
909 I

Fig 1—This composite op-amp circuit combines the low offset and
drift of the OP-27 op amp with the high speed of the CLC231
current-feedback op amp to produce a circuit that settles to 0.1% in 17
nsec, yet maintains high dc accuracy. The OP-27 maintains the
summing node at an accurate virtual earth potential; the CLC231
takes over at high frequencies to provide good ac performance.

input and feedback resistors used with high-speed op
amps is low (usually 2 kQ or less), and because the
devices are usually operated at fairly low gain, bias-
current errors tend to be reduced. However, in applica-
tions that require high accuracy, you’ll almost certainly
have to add offset- and bias-current compensation cir-
cuitry to these op amps. One way to achieve very low
input offset and drift over a wide temperature range
while maintaining a high ac bandwidth is to combine a
current-feedback op amp with a high-precision conven-
tional op amp, as shown in Fig 1.

You might also consider using Analog Devices’
AD846, which specs a typical 25°C input offset voltage
of only 25 wV and is available in two versions having
input offset voltage drifts of 2 or 1 wV/°C. The absolute
maximum values for input offset over 0 to 70°C are 400
wV for the 2-nV/°C version and 250 .V for the 1-nV/°C
version. Although the input bias current at the
noninverting input of the AD846 is a modest 10 pA typ,
its all-important inverting input specs a typical bias
current of only 75 nA that drifts at 6.5 nA/°C. In
addition, the device has an open-loop transimpedance of
500 MQ—much higher than that of most current-
feedback op amps—which reduces the closed-loop gain
error due to open-loop gain to a mere 0.0005%.

The AD846’s common-mode rejection ratio (CMRR),
specified at 125 dB, is also considerably better than the
50 to 60 dB typical of most other current-feedback op

92
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200-MHz, =5V-supply op amps (Comliviear Corp)

amps. Inevitably, you must make some tradeoff in
bandwidth to achieve this high de accuracy, but the
part specs a typical small-signal 3-dB bandwidth of 46
MHz, and has typical 10V-step settling times, to 0.1%
and 0.01%, of 80 and 110 nsec, respectively. A commer-
cial-grade version in a plastic DIP costs $4.50 (100).

Digital signals need analog performance

There are also good reasons for using current-feed-
back op amps to process digital signals. As these
signals propagate along transmission lines, their pulse
waveforms are degraded by imperfections in the line
and by external interference. To recover the signal and
retransmit it to the next section of cable, therefore, you
must often place repeaters at strategic points in the
line. Because a current-feedback op amp’s internal
stages are almost entirely symmetrical, the device has
very well-matched output rise and fall times. When
used as comparators to detect when the input signal
crosses a threshold, these op amps can generate highly
symmetrical pulse waveforms. In addition, many of the
current-feedback op amps on the market can deliver
output currents of 100 mA or more, so they can directly
drive low-impedance coaxial cables. Although Com-
linear Corp’s CLC501 has a recommended output cur-
rent that’s limited to =50 mA, the device has particular
advantages in pulse-recovery applications, because it
enables you to clamp the output at the required logic
levels, even though the input signal may saturate the
amplifier.

Apex Microtechnology Corp’s WAO1 current-feed-
back op amp is especially suited for applications that
require a high-speed, high-current drive capability.
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YOURDESIGN <~ A7 °/0
ENGNEERMAYBE = © © |
OVERWHELMED BY
THE SELECTION.

Go ahead. Indulge yourself.
Philips offers the broadest
selection of low-cost, high
performance ceramic Pyro- I
electric Infrared (PIR) sensors.

From $2.75 to $595. No matter what
your application, Philips has a PIR
sensor with the performance you need,
at a price you've been looking for.

Pick your application. We've got you
covered. From the top-of-the-line TO-5
standard package to the “flatpack” series:
KRX-10 (with filtered window for
simplifying circuit design) and KRX-11
(with un-coated window for lower cost).

e —

F——___-

WRITE YOUR IR

APPLICATION HERE
Then mail this coupon and we'll
send you technical publications
and data sheets on Philips PIR
sensors. Also included: a free

samples offer.

~ Name
Title
Company
Address
City/State/Zip

Telephone/ext. AW
I Your application: @

Your specific interest:

Mail to: Amperex Electronic EDNO070788

Company, 1 Providence Pike,
Slatersville, R1 02876
ATTENTION: Marketing Communications

OPTOELECTRONIC PRODUCTS GROUP

PHILIPS

IR SEN§'URS s

NOTE: Only Philips

combines a “flat-
pack” design that cuts

costs with a patented
process that boosts signal output. The
result: range and performance that are
much more than you'd expect...at a
price you wouldn't. Also note that
products are normally supplied

in “bandolier” packaging
for compatibility with
automatic insertion
equipment.
= IR sensor applications
are growing. You need a reliable
supplier, a high quality product,
and a full product range to meet
all your needs. Think Philips. We have
a low cost, high quality PIR sensor for
any and all applications. And our large
in-place capacity guarantees on-time,
promised deliveries.

Amperex Electronic Company, A Division of North American Philips Corporation, George Washington Highway, Smithfield, R102917  (401) 232-0500
In Canada: Philips Electronics Ltd., 601 Milner Ave., Scarborough, Ontario M1B 1M8 (416) 292-5161



Even when delivering 400 mA at 20V p-p, the op amp
achieves a typical power bandwidth of 40 MHz; with a
4V p-p, 50-mA output, its typical bandwidth is 150
MHz. The op amp is available in two grades that have
input offset voltages of =4 and =2 mV and offset-
voltage drifts of 15 and 10 pV/°C, respectively.

The WAO1 provides balance pins so that you can null
the amplifier’s input offset with an external potentiom-
eter. The WAO1 is pin compatible with the industry-
standard 3554 wideband op amp, but offers superior
performance at low gain values: It has more than four
times the 3554’s bandwidth at a gain of 10, provides
over three times the 3554’s slew rate, and settles
around six times faster. Further, it doesn’t require any
compensation capacitors. The WAO1 targets such appli-
cations as video-signal distribution, input or output
drivers for flash A/D and D/A converters, and sample/
hold-circuit drivers. Its high output-current capability
also makes it suitable for use as a pin driver in high-
speed ATE equipment.

Because current-feedback op amps don’t require
phase-degrading circuitry such as ac feedforward com-
pensation to maintain stability, they exhibit a very
linear phase response. As a result, the propagation
delay through the amplifier is the same for both the
fundamental and harmonic components of the input
signal, leading to a high degree of waveform fidelity at

For more information . . .

For more information on the current-feedback op
amps described in this article, contact the following
manufacturers directly, circle the appropriate num-
bers on the Information Retrieval Service card, or use
EDN'’s Express Request service.

Analog Devices Inc Elantec Inc

Box 9106 1996 Tarob Ct
Norwood, MA 02062 Milpitas, CA 95035
(617) 329-4700 (408) 945-1323

TWX 710-394-6577 TWX 910-997-0649
Circle No 360 Circle No 363

Apex Microtechnology Corp Precision Monolithics Inc
5980 N Shannon Rd 1500 Space Park Dr
Tucson, AZ 85741 Santa Clara, CA 95052
(602) 742-8600 (408) 727-9222

Fax (602) 888-3329 TWX 910-338-0218
Circle No 361 Circle No 364
Comlinear Corp

4800 Wheaton Dr

Fort Collins, CO 80525

(303) 226-0500

TLX 450881

Circle No 362

94

Combining a current-feedback op amp
with a conventional op amp can give
you the best of both worlds—both high
speed and precision.

REF LEVEL /01v
0.000d8 1.0004d8B

START 0.000Hz STOP 200 000 000.000Hz |
AMPTD 0.0dBm

200-MHz, overdrive-protected op amps (Comlinear Corp)

the output. Most current-feedback op amps exhibit
phase nonlinearity of around 1° typ (at 25 °C, from de to
approximately half of their small-signal bandwidth).
However, you'll find versions for which that figure is an
absolute maximum rather than a typical value. Also,
because their internal bipolar transistors operate as
current amplifiers rather than voltage amplifiers, they
introduce very low levels of harmonic distortion: Their
second and third harmonic-distortion levels are typical-
ly between —50 and —70 dB at 20 MHz for the
Comlinear op amps. At lower frequencies, that parame-
ter translates to very low levels of distortion indeed (for
its AD846 op amp, for example, Analog Devices quotes
a total-harmonic-distortion figure of 0.0002% at 100
kHz, which should make for some impressive hi-fi
equipment).

Op amps for all seasons

Finally, most of the current-feedback op amps on the
market are available in versions that suit the industrial
temperature range (—25 to +85°C) and the military
temperature range (=55 to +125°C). You’ll also find
devices that are tailored for £5V supplies, low power
dissipation, or low cost, as well as devices that feature
output-short-circuit or input-overdrive protection.
However, because current-feedback op amps rely on
bipolar transistors to achieve their high-frequency per-
formance, you won’t find a CMOS version. EDN

Article Interest Quotient (Circle One)
High 476 Medium 477 Low 478
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Tapped or Tapless?

Get Your Data Fast—or Faster
with D Series Photodiode Arrays

When your need for speed is * Data rates up to 240 MHz For low noise, high-speed readout
great, our tapped D Series charge-coupled arrays, the price/
charge-coupled photodiode * Wide dynamic range performance figures for the
arrays will provide parallel (up to 10,000:1) D Series are unbeatable.
output at up to 240 MHz. If
your clock ticks slower, one of » Smooth, broad spectral EG&G Reticon’s high quality
our untapped arrays providing response products are supported by
serial output at 20 MHz will technical expertise. Questions?
meet your needs. Seven linear * Low noise Contact a sales office.
devices offer a range of 256, .
512, 1024, and 2048 element All the tapped and untapped T e
configurations which provide: photodier a[ray.s in thg D $eries Central Region 312 640-7785

. ' meet Reticon’s high reliability Eastern Region 617 745-7400
* Blooming suppression standards and are backed by Japan 0423 33-8111

Reticon’s commitment to technical England 0734 788666

* Diode reset feature support. West Germany 089 92692-666

J\EGzG RETICON

WHERE VISION AND TECHNOLOGY MEET
345 Potrero Avenue Sunnyvale, California 94086-4197
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This is the stuff reputations are
built on.

A cell design with 100,000 gates.
More than 1000 library elements.
2MB of memory. And sub-micron

blocks, including 16 and 32-bit micro-
processor cells and industry-standard
processor and peripheral functions;

the longest list of SSI and MSI func-
tions; and memory compilers to

HCI\S/(IvOS technology. develop exactly the

ou can search high RAM or ROM your chip

and low, but there’s requires.

only one place in the e And if your applica-

world you can find a chip === tion calls for lower

of such staggering . densities, that’s covered,

complexity. too. Because LSI Logic
I%SI Log1c;i{ has more cost-effective

esigns like this : : cell-based solutions than
o %rlegisely yhsgévlege mq;{;:ﬁ’;lﬁ,%?fﬁéi’;’%.F;’fﬁ%;fg’ﬁ%’%h,-,, e imgegineh o
oorplanner to optimize delays an

su(:)plier(z;lr}i?}? rlr(lzore than el e oo of Celﬁlg;laseerSI% you

4,000 working cell and array-based build, LSI Logic will deliver a fully-

designs in the field. - tested prototype in as little as 4 weeks.
And why our Modular Design All in the production quantities

Environment (MDE)"software is the
best foundation for building killer
cells.

MDE is the industry’s most
advanced design software for ASICs.
It arms you with the capability to
build today’s most sophisticated cell-
based designs. Easily. And with the
smallest possible die size.

Besides MDE, LSI Logic delivers

more than 400 LSI and VLSI building

you want, thanks to our advanced
worldwide wafer fabrication, assem-
bly, and test facilities.

So find out more about LSI Logic’s
Cell-Based ASICs by calling the sales
office nearest you.

After all, we can help you make
a killing.

NI L.OGIC

LSI Logic Sales Offices and Design Resource Centers: Scottsdale, AZ 602-951-4560, Milpitas, CA 408-433-8000, San Jose, CA 408-248-5100, Irvine, CA 714-553-5600,
Sherman Oaks, CA 818-906-0333, Denver, CO 303-756-8800, Altamonte Springs, FL 305-339-2242, Boca Raton, FL 305-395-6200, Norcross, GA 404-448-4898, Chicago, IL
312-773-0111, Bethesda, MD 301-897-5800, Waltham, MA 617-890-0161, Ann Arbor, MI 313-769-0175, Minneapolis, MN 612-921-8300, Bridgewater, NJ 201-722.7522,
Poughkeepsie, NY 914-454-6593, Raleigh, NC 919-783-8833, Worthington, OH 614-438-2644, Beaverton, OR 503-644-6697, Trevose, PA 215-638-3010, Austin, TX
512-338-2140, Dallas, TX 214-788-2966, Bellevue, WA 206-822-4384, Calgary, Alta 403-262-9292, Paris, France 33-1-46212525, Israel 972-3-403741/6, Milan, Italy
39-39-651575, Tokyo, Japan 81-3-589-2711, Seoul, Korea 82-2-785-1693, Nidau/Biel, Switzerland 032-515441, Bracknell, United Kingdom 44-344-426544, Munich, West
Germany 49-89-926903-0. © 1988 LSI Logic Corporation. Modular Design Environment and MDE are trademarks of LSI Logic Corporation.

EDN July 7, 1988

CIRCLE NO 59

97



Launch your design with 4

100% factory testable
GALSs thatemulate 21 different PLDs.

New Generic Array Logic (GAL) E2CMOS
devices from SGS-THOMSON Microelectronics
can save you time and money at every
stage: design, testing, modification and

even inventory control.

For starters, GALs are 100% tested at our
factory for 100% guaranteed programming
and functional yield at your site.

Equally impressive, our 16V8, 20-pin GAL

is instantly repro-
grammable to any of
21 common PAL* pat-
terns. Think of inven-
tory simplification
and savings. Plus,
changeover from
older power-eating
PALS is simple
because replacement
is pin-for-pin
compatible.

No more expensive
quartz window pack-
ages. No more UV

FREE GAL DEMO DISK

polarity in less than 5 seconds using
standard programming tools.

GALSs' 15ns access time and 66 MHz
operating speed mean high performance.
E2CMOS means 50% less power consump-
tion than comparable speed bipolar

devices.

A 64-bit electronic signature lets you
store design information, socket locations,

A complete PC compatible introduction to the
capabilities of SGS-THOMSON's GALS.

= Remarkable socket capability
with full-function, fuse
map, parametric capability.

m 100% testability means
100% yield

® 100% instantly repro-
grammable to any of 21
common PAL patterns

m 50% less power consump-
tion than comparable speed
bipolar devices

m 64 bit signature stores
user-defined data

= Wide support from popular design and programming tools

lamps, either. GAL devices can be com-
pletely erased and reprogrammed to any
pattern, device architecture or output

*Offer valid while quantities last, and in U.S. only. Limit one per inquiry.

*GAL is a registered trademark of Lattice Semiconductor Corp.

*PAL is a registered trademark of Monolithic Memories, Inc.

© 1988 Copyright SGS-THOMSON Microelectronics.

O
U

pattern IDs and more.
Plus, a unique secu-
rity cell protects
groprietaxy designs

y preventing logic
copying.
With our 16V8 GAL
on board, your pro-
gramming logic will
always be rig%t on
course. But before
you launch your
design, contact the
Winning Team and
we’'ll send you a FREE

GAL DEMO DISK: Call 602/867-6259,
or write SGS-THOMSON Microelectronics,

1000 E.Bell Road, Phoenix, AZ 85022.



Join The Winning Team

Launch your design with the 16V8. With
SGS-THOMSON Microelectronics technology
behind you, you'll always be on the Winning
Team. The advanced design capabilities
of SGS-THOMSON, coupled with
the inherent high-density potential of
CMOS, means GAL devices with as
many as 10 outputs and 39 inputs
are just over the horizon. For a
FREE DEMO DISK and data
sheet, call 602/867-6259 or
write SGS-THOMSON
Microelectronics, 1000 E.

Bell Road, Phoenix,
AZ 85022.
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Enhanced Z80 microprocessor
can address 1M byte of memory

The Z80180 is an enhanced version
of the company’s Z80 microproces-
sor. It incorporates an on-chip mem-
ory-management unit (MMU) that
can address as much as 1M byte of
memory and support 64k bytes of
logical 1/0 space. The pP contains
two direct-memory-access (DMA)
channels for transferring data from
memory to memory and memory to
1/0.

In addition to supporting the Z80
instruction set, the chip uses seven
additional high-level instructions,
including multiply. Other features
include an on-chip wait-state gener-
ator, a programmable dynamic-

RAM refresh controller, two full-
duplex  asynchronous  serial-
communications (UART) channels, a
clocked serial-I/0 port, two 16-bit

programmable timers, an on-chip
clock oscillator, and an interrupt
controller. The CMOS chip comes in
a 64-pin plastic DIP and a 68-pin
plastic leaded chip carrier. When
operating at 8 MHz from a 5V sup-
ply, the chip dissipates 200 mW; in
system-standby mode, it dissipates
less than 50 mW. It operates over 0
to 70°C. The 8-MHz part sells for
$11.45 (100). A 6-MHz version costs
$8.55 (100). Delivery is 10 to 12
weeks ARO.

Zilog Inc, 210 Hacienda Ave,
Campbell, CA 95008. Phone (408)
370-8000. TWX 910-338-7621.

Circle No 410

1-chip, 64-bit floating-point processors
achieve a peak rate of 20M flops

The WTL 3164 and WTL 3364 are
64-bit floating-point processors. The
single-chip devices contain a 64-bit
floating-point multiplier, a 64-bit
floating-point ALU, a divide and
square-root unit, and a register file
that contains thirty-two 64-bit
words. The register file is accessible
through six independent, internal
ports.

The processors’ functions include
single- and double-precision float-
ing-point, integer, shift, logical, and
min/max instructions that operate
at a peak rate of 20M flops for the
100-nsec grade. You can use the
3364 in applications, such as vector
and array processors, that require
high throughput rates. The 3164
suits applications that are computa-

100

tionally intensive, but the I/0 band-
width requirement is of secondary
importance. The 168-pin 3364 has
three 32-bit ports; a bidirectional,

an input, and an output port. You
can use the ports in that configura-
tion, or you can combine the input
and output ports to connect to a
64-bit bidirectional bus. The 144-pin
3164 is functionally identical to the
3364 except that it has a single
32-bit bidirectional bus. Both chips
have a single-cycle throughput for
all multiplier and ALU operations.
Register-to-register operations take
two cycles. Double-precision divide
and square-root operations take 17
and 30 cycles, respectively. The 100-
nsec 3164 costs $829 (10).

Weitek Corp, 1060 E Arques Ave,
Sunnyvale, CA 94086. Phone (408)
738-8400.

Circle No 411
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OP-07 PERFORMANCE AT
1/6TH THE POWER

... No speed sacrifice.

And at 1/20th the input bias
current, too! PMI's new OP-97 beats
even JFET op amps at +125°C!
OP-97 drops directly into existing
OP-07 sockets immediately saving
power and delivering greater
accuracy.

Check the specs for yourself:
OoP-97 OP-07

25 25 wV Max
0.6 0.6 wV/°C Max
300 300 V/mV Min
+100 +2,000 pA Max
+250 4,000 pA Max
Isy @ £15V 600 4000 pA Max

o= e

Lol

If it’s precision you need, PMI wrote
the book. Circle the reader service
number or call 1-800-843-1515.

Precision Monolithics Inc.
A Bourns Company

Santa Clara, California, USA
408-727-9222

PRINGS: (407) 2609780,
[Bs026. CHICAGO: (312) 250-0808,
B3 227-2190,
419428060,
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GaAs programmable logic device
has propagation delay of 10 nsec

The GA22V10 is a programmable
logic device built with gallium arse-
nide technology. It has TTL-com-
patible I/0 lines and is functional
and pin compatible with the silicon
version of the 22V10. The propaga-
tion delay between an input signal
and a nonregistered output is 10
nsec max for the commercial ver-
sion, 12 nsec max for the military
version.

The commercial version of the de-
vice can run at 90 MHz max; its
military counterpart can be clocked
at 71 MHz. The chip provides 22

inputs and ten 3-state outputs that
you can program for registered or
combinatorial data with active-high
or active-low polarities. It also has a

power-up reset command, a syn-
chronous preset command, and an
asynchronous reset mode for state-
machine applications. To prevent
unauthorized access to the internal
configuration, a security link disa-
bles the pattern-verification func-
tion and the preloading of the regis-
tered outputs. The PLD costs $55
(100).

Gazelle Microcircuits Inc, 2300
Owen St, Santa Clara, CA 95054.
Phone (108) 982-0900. Fax 408-982-
0222,

Circle No 416

256k x1-bit dynamic RAMs offer
access times as low as 70 nsec

The V53C256 and the V53C258 are
families of 256kX1-bit dynamic
RAMs. Each family contains four
models offering row-access times
(RAS) of 70, 80, 100, and 120 nsec,
respectively. All the inputs of these
CMOS devices are TTL compatible.
When operating in fast-page mode,
the 70-nsec-RAS version of the -256
RAM lets you randomly access as
many as 512 bits within a row at a
cycle time of 50 nsec. If you keep the
RAS line active while applying suc-
cessive column-access strobes
(CAS), the device retains the row
address internally, so you don’t
need to reapply it on each cycle.
During fast page-mode operation,
the RAM lets you perform Read,
Write, Read-Modify-Write, or
Read-Write-Read operations. The
part also provides a sustained data
rate of 19 MHz.

The -258 family offers a similar
mode called the static column mode;
for the 70-nsec-RAS version of the

102

-258, that mode lets you randomly
access 512 bits within a row at a
cycle time of 45 nsec. In this mode,
the device acts as a static RAM for
multiple-column accesses within a
row so that you can mix read and
write cycles. The chip provides a
sustained data rate of 22 MHz. The
RAMs ara available in 16-pin DIPs,

16-pin ZIPs (zigzag in-line pack-
ages), and 18-pin PLCCs. The 70-
nsec versions of both devices cost
$7.87 (100).

Vitelic Corp, 3910 N First St, San
Jose, CA 95134. Phone (408) 433-
6000. TLX 3719461. Fax 408-433-
0331.

Circle No 414
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When You
Want Fast
I Mb EPROMs,

Mitsubishi delivers with a family of 150ns, CMOS
1 megabit UV EPROMs. Available now. And, for applications
requiring even higher performance, 120ns versions are on
the way.

Now, you can combine the advantages of fast access
times and low power CMOS operation in the organizations
and pin-outs you need.

There’s a 128K x 8 that’s pin-compatible with 1 Mb
mask ROM s for easy conversion when you reach high volume
production. Another device offers the JEDEC-standard pin-
out allowing easy upgrade from lower density EPROMs. Plus,
there’s a 64K x 16, ideal for applications requiring wider data
paths. And, they’re all available in 150ns speeds. From
Mitsubishi.

When You %nt
Cost-Effecti
Packaging Optlons.

If you want all the advantages of Mitsubishi EPROMs,
but don’t need to reprogram, Mitsubishi’s IMb, 200ns CMOS
OTP ROMs provide cost-effective alternatives for volume
production.

And, for maximum flexibility, Mitsubishi’s 1 Mb OTP
ROM s are available in PDIP and PLCC packages, with SOP
available soon.

For fast EPROM, or cost-effective packaging options,
call or write: Mitsubishi Electronics America, Inc., Semicon-
ductor Division, 1050 East Arques Avenue, Sunnyvale, CA
94086. (408) 730-5900.

MITSUBISHI EPROMs

MITSUBISHI OTP ROMs

Access
Access Time (ns) Package Time (ns) Package
Density | Organization Part No. 100 120 150 170 200 250 |(CERDIP) Density | Organization| PartNo. 200|250 Options
128K | 16Kx8 | M5M27C128K & B B | 28pn 256K | 32Kx8 | M5M27C256| m 28 pin PDIP and SOP
256K | 32Kx8 | MSM27C256K (] B | 28pn 1Mb | 128Kx8 | M5M27C100| M 32 pin PDIP, PLCC and SOP
CMOS| 512K | 64Kx8 | M5M27C512AK "R R 28pin  [CMOS| 1Mb | 128Kx8 | M5M27C101| m 32 pin PDIP, PLCC and SOP
e ‘gf,f:% mgmg;glgg}?“f’“”?’m"“ : : : igg:ﬂ 1Mb | 64Kx16 | M5M27C102| m 40 pin PDIP and 44 pin PLCC
64K 8Kx8 | M5L2764K ® B | 28pn 64K | 8Kx8 | M5M2764 W | 28pin PDIP
NMos | 128K | 16Kx8 | MsL27128K B B | Bpn |oel 128K | 16Kx8 [M5M27128 B | 28pinPDIP
256K | 32Kx8 | M5L27256K B B | 28pn 256K | 32Kx8 | M5M27256 B | 28 pin PDIP and SOP
64Kx8 M5L27512K B B E| 28pn 512K | 64Kx8 | M5M27512 [ 28p|n PDlPandSOP
Productswb)ecnoavaiabmy
CIRCLE NO 63

Quality Through Commitment.

Regional Offices:
NORTHWEST, Sunnyvale, CA (408) 730-5900
SOUTHWEST, Torrance, CA (213) 515-3993

SOUTH CENTRAL, Carrollton, TX (214) 484-1919
NORTHERN, Minnetonka, MN (612) 938-7779
NORTH CENTRAL, Mt. Prospect, IL (312) 298922

3

MITSUBISHI
ELECTRONICS

SOUTHEAST, Boca Raton, FL (305) 4877747
CANADA, St. Laurent, Quebec, (514) 337-6046.

NEW ENGLAND, Woburn, MA (617) 938-1220
MID-ATLANTIC, Piscataway, NJ (201) 981-1001
SOUTH ATLANTIC, Norcross, GA (404) 662-0813
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Power MOSFETSs can carry
drain currents as high as 22A

The 23 new members of the Power
MOS IV line of power MOSFETSs
offer a range of current-handling
capabilities and come either in TO-3
packages or in die form. An example
of the TO-3 devices is the
APT4020AN, which has a drain-to-
source voltage (Vpg) rating of 400V,
a drain-to-source on-resistance—
Rps (on)—of 0.20(), drain-to-source
current (Ip) rating of 22.0A, and
2400-pF input capacitance (Cisg).
Another example, the APT6035AN,
has a Vg rating of 600V, an Ry (on)
of 0.35(2, an I, rating of 17.0A, and

a Cigs of 2400 pF. You can also
obtain units with 800-pF Cigg,
180-pF output capacitance (Copss), or
60-pF transfer capacitance (Cgsgg).
The dies for hybrid applications

have similar specifications; however,
their drain-current specifications
depend on the package you use. The
devices’ large die sizes lower their
thermal resistance and increase
their thermal capacity. The
APT6035AN costs $28.86 (100); the
APT4020AN is $22.65 (100).
Advanced Power Technology,
405 SW Columbia St, Bend, OR
97702. Phone (503) 382-8028. Fax
503-388-0364.
Circle No 417

Multiple-bus exchangers act as
digital crossbar switches

The Am29C982 and the Am29C983
are multiple-bus exchangers that act
as digital crossbar switches. Both
chips are fabricated with CMOS
technology. You can select each of
the four bidirectional, 4-bit ports on
the Am29C982 independently to
connect to any of the other ports.
This organization permits data rout-
ing and multiple-bus communica-
tions. The device comes in a 28-pin
DIP, leadless chip carrier (LCC), or
plastic leaded chip carrier (PLCC),
and it exhibits typical port-to-port
delays of 7 nsec.

The Am29C983 is a similar device
except that the four ports are each 9
bits wide. In addition, each I/O port
has an input latch and an output
latch to capture incoming and outgo-
ing data, respectively. Each latch
has an independent latch-enable
input. The chip has independent
output-enable lines that can place
the output drivers in a high-imped-

104

Multiprocessing Applications
Using Am29C983 Multiple Bus Exchange

e

System Memory A

System Bus K_M—AA -

Pu |

Am29CP83

Local
Memory

ance state. All the I/0 lines go to a
high-impedance state upon power-
down. The device is available in a
68-pin PLCC or LCC, and it exhib-
its typical port-to-port delays of 9
nsec. The ports for each of these
devices are TTL compatible and can
sink 48 mA of output drive current.

System Bus B

a Local
g f

|
v
System Memory B

The 28-pin DIP version of the
Am29C982 costs $8.50 (100); the

68-pin PLCC version of the

Am29C983 costs $24.50 (100).
Advanced Micro Devices Inc,
Box 3453, Sunnyvale, CA 94088.
Phone (408) 732-2400. TLX 346306.
Circle No 413
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Plug the performance gap:
our plug-in A/D Converters offer
50 kHz to 125 kHz performance.

©1988, Harris Corporation

Upgrade without redesigning.

Our family of 12-bit ADCs provides a good/
better /best selection of conversion speeds
and performance features — so designers can
meet system requirements without over-
specifying, and increase system speeds
without redesigning.

All three pinout-identical models are com-
plete 12-bit ADCs with reference and clock,
incorporating 8-, 12-, or 16-bit microprocessor
bus interface with 150 ns bus access time. All
guarantee break-before-make action,
eliminating bus contention during read
operations.

Conversion times: Model HI-574A,
20 ps...HI-674A, 12 us...HI-774, 8 ps.

The HI-774 features a smart successive ap-
proximation register; its digital error correc-
tion circuitry improves dynamic accuracy and
throughput rate. All three ADCs can operate
under control of the processor, or in a stand-
alone mode. Models come in commercial and
military temperature ranges — including MIL-
STD-883. Packages: 28-pin Cerdip and
leadless chip carriers (LCCs).

For information call 1-800-4-HARRIS, Ext.
1405. In Canada, 1-800-344-2444, Ext. 1405.
Or write: Harris Semiconductor Products
Division, P.O. Box 883, MS 53-035,
Melbourne, Florida 32902-0883.

IN HIGH-SPEED A/Ds,

THE NAME IS

HARRIS

Harris Semiconductor: Analog - CMOS Digital
Gallium Arsenide - Semicustom - Custom

EDN July 7, 1988

o) HARRIS

“Fast Harris ADCs
compensate for slower
components.”

CIRCLE NO 64
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16-bit microcontroller executes
within 400 nsec after an interrupt

The RTX 2000 is a 16-bit microcon-
troller for embedded real-time ap-
plications. The chip, which is de-
signed around the company’s
Forth-based RISC (reduced-in-
struction-set computer) core proces-
sor, can begin an instruction se-
quence within 400 nsec after an
interrupt. While running at 10
MHz, the chip can execute a maxi-
mum of 40 million Forth operations/
sec and can typically operate at a
sustained rate of 10 million opera-
tions/sec. It also features a dual-
stack architecture; each stack is 256

words long. The parameter stack
stores data temporarily and passes
data between subroutines. The re-
turn stack stores the return address
when the microcontroller calls sub-

routines. The chip has an on-chip
16X 16 multiplier that can execute in
a single cycle; an on-chip interrupt
controller; and three general-pur-
pose, 16-bit timers. An ASIC bus
lets you attach ASIC devices to the
chip. The CMOS device comes in an
84-pin PGA (pin-grid array) pack-
age and costs $190 (1000).

Harris Corp, Semiconductor
Sector, Box 883, Melbourne, FL
32901. Phone (305) 724-7418.

Circle No 418

Dual switched-capacitor filters operate

to 150 kHz

The ML2111 consists of two inde-
pendent switched-capacitor filters
that operate to 150 kHz and have a
Q of 20. Each filter can approximate
second-order transfer functions for
lowpass, bandpass, highpass, notch,
and allpass filters. The device re-
quires an external clock and resis-
tors that let you build Butterworth,
Chebyshev, Bessel, and Cauer fil-
ters. The product of the center fre-
quency and the Q can range as high
as 5 MHz. A control pin allows you
to select a clock-to-frequency ratio
of 50:1 or 100:1 or to hold the last
output sample. The vendor offers
two versions of the ML2111: The -B
version has a center-frequency accu-
racy of =0.4% and a Q accuracy of 0
to —4% max; the -C version’s cen-
ter-frequency accuracy is *+0.8%
max, and its Q accuracy is 0 to
—8.0% max. Each filter consists of a

106

Cascading 2 Sections in Mode 1, Each withQ = 10
Results in a Bandpass Filter with Q = 15.5 and {, = 150kHz.

Wl BT
~B.231d8

The Frequency Response of the Circuit on the Left with
fCLK = 7.5MHz

low-offset (15-mV max) voltage am-
plifier, a voltage summer, two inte-
grators, and control logic. The fil-
ters maintain their specifications
when operating from +5V supplies
with +10.0% tolerances. The device
can also operate from a single
5V+10% supply at a maximum
operating frequency of 100 kHz. An

ML2111 in a 20-pin DIP costs $6.95;
in a 20-pin SOIC package, it’s
$7.15,

Micro Linear Corp, 2092 Con-
course Dr, San Jose, CA 95131.
Phone (408) 433-5200. TLX 275906.

Circle No 415

EDN July 7, 1988



ANALOG
DEVICES

900ns Settling
BiFET Op Amp

AD744

FEATURES
Fast Settling:
500ns to 0.01% for 10V Step
1.5ps to 0.0025% for 10V Step
Slew Rate: 75V/ps
Total Harmonic Distortion (THD): 0.0003%
>1000pF Capacitive Load Drive Capability with
10V/pus Slew Rate

Input Offset Voltage: 0.25mV max
Input Offset Drift: 3uV/°C max
Open Loop Gain: 250V/mV min
Noise: 44V p-p max, 0.1Hz to 10Hz

PRODUCT DESCRIPTION

The AD744 makes a breakthrough in the high speed BiIFET
market by offering guaranteed maximum settling to0 0.01% in
750ns. It also offers the excellent de characteristics of the AD711
BiFET family with enhanced slew rate, bandwidth and load
driving capability.

The single-pole response of the AD744 provides fast settling:
500ns to 0.01% typically, and 750ns maximum. This feature,
combined with high dc precision, makes the AD744 suitable for
use as a buffer amplifier for 12-, 14- and 16-bit DACs and ADCs.
Furthermore, the AD744’s low total harmonic distortion (THD)
level of 0.0003%, low noise and gain bandwidth product of
13MHz make it an ideal amplifier for demanding audio applica-
tions. It is also an excellent choice for high speed instrumentation
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AD744 Settling Characteristics 0to + 10V Step

PRODUCT HIGHLIGHTS

w
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. The AD744 has a gi

The AD744 offers | dynamic It settles 1o
0.01% in 500ns and has a 100% tested minimum slew rate of
50V/ps.

. The combination of Analog Devices’ advanced processing

technology, laser wafer drift trimming and well-matched ion-
impl. d JFETs provid ding dc precision. Input
offset voltage, input bias current and input offset current are
specified in the warmed-up condition and are 100% tested.

d and tested
noise of 4p.V p-p, 0.1 to 10Hz.

voltage

. The AD744 is a high speed BiFET op amp that offers excellent

performance at competitive prices. It outperforms the OP42/44,
OPA602, LF356 and LF400.

amplifiers and for use in active filters.

The AD744 offers op | custom comp ion for
design flexibility. This external compensation allows the AD744
to drive capacitive loads up to 2000pF and greater with full
stability, making the AD744 outstanding for use as a coaxial
cable driver. Alternatively, external decompensation may be
used to increase the gain bandwidth of the AD744 to over 200MHz
at high gains. This makes the AD744 ideal for use as an ac
preamp in digital signal processing (DSP) front ends.

Adirianal

THIS PAGE SETTLE:
THE QUESTION OF WHO M

A lot of companies say they have fast-

settling, high-performance BiFETamps. But

our AD744 settles to 0.01% in 500ns and to

0.0025% in 1.5pus —making it the world’s

fastest-settling, highest-performance BiFET.

This superior settling, combined with excellent dc
performance, makes the AD744 unbeatable for active filters, and for
buffering DACs and ADCs up to 16 bits.

The AD744, with a total harmonic distortion of just 0.0003%,
low noise, a clean pulse response, and a gain bandwidth product of
up to 200MHz, is also ideal for digital signal processing and audio
applications.

If you work in communications, you'll appreciate the AD744’s
ability to drive loads greater than 2000pF with full stability. And
you'll also appreciate the fact that the AD744 can drive a 1000pF

cap load while maintaining a slew rate of 10V/p.s.

The AD744 isn’t our only outstanding BiFET, either. The
AD711 single, AD712 dual, and soon the AD713 quad, settle in 1 s
with the same high resolution as the AD744. If low power with pre-
cision s critical, try our AD548 single or AD648 dual.

Whichever BiFET your application requires, you'll find
our products deliver excellent performance at an excellent price.
For example, the AD744 starts at only $2.25; the AD711 at $.80; and
the AD548 at $.75 (100s).

If you'd like to see more proof on why we can say we make the
best BIFETS, call Applications Engineering at (617) 935-5565, ext.

2628 or 2629. Or write to
Analog Devices, P.O. Box AN ALOG
DEVICES

9106, Norwood, MA
02062-9106.

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504;
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050
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Op amp offers a 1000V /usec slew rate
and a 1-GHz gain-bandwidth product

The EL2038 is a monolithic op amp
with a gain-bandwidth product of 1
GHz and a 1000V/usec slew rate.
The device is stable for gains of
20V/V or greater and is pin-compat-
ible with the HA2539 and NE5539
op amps. Operating at a gain of
20V/V, it provides a 50-MHz band-
width when driving a 400 load.
When operating from =15V sup-
plies, it can deliver a 11V output
signal and can source and sink 25
mA into a 400Q) load. This output-
drive capability lets the device drive
capacitive loads as high as 25 pF at

a1 -001 U

10.00m

the 1000V/psec slew rate. You can
power the device from supplies
ranging from =5 to =17V. Other

specifications include a 2-mV max
offset voltage, a 17-mA max power-
supply current, an 80-dB open-loop
gain, and a high-power bandwidth of
15.9 MHz typ. The military version
complies with MIL-STD-883 revi-
sion C; the vendor performs a burn-
in test at 125°C before delivery. The
commercial-grade device costs $3.90
(100); the MIL-STD-883 device sells
for $32.40 (100).

Elantec Inc, 1996 Tarob Ct,
Milpitas, CA 95035. Phone (800)
821-7429; in CA, (408) 945-1323.

Circle No 419

High-speed op amps offer overdrive
and short-circuit protection

The CL205 and CL206 are op amps
that employ current-feedback tech-
nology. When you set its voltage
gain to 20V/V, the CLC205 has a
3-dB bandwidth of 170 MHz. It set-
tles to 0.05% of final value in 24
nsec. It consumes 570 mW when
operating from *15V, and 56 mW
when operating from *5V. The op
amp’s output swing can be *12V
with a 50-mA output current. For a
voltage gain of 20V/V, the CL206
has a 3-dB bandwidth of 180 MHz.
It settles to 0.1% of its final value in
19 nsec, and its output drive current
is 100 mA. The part features a slew
rate of 3400V/wsec, which provides
a full-power 3-dB bandwidth of 70
MHz for a 20V p-p output swing
when the op amp is operating at a
voltage gain of 20V/V.

The op amps self-limit the input
currents when the outputs are satu-
rated. You can use diode-clamp cir-
cuits on the inputs when the input
signal level exceeds the maximum
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differential input voltage (=3V) or
common-mode input  voltage
(£Vee—1V). You can protect the
outputs from the effects of short
circuits by using output-current-
limiting techniques. Industrial ver-
sions of the op amp cost $56 (100)
and are available from stock. Mili-

tary versions are $138 (100); they’re
available for delivery within six
weeks ARO.

Comlinear Corp, 4800 Wheaton
Dr, Fort Collins, CO 80525. Phone
(303) 226-0500. TLX 450881. Fax
303-226-0564.

Circle No 412
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~ NCR keeps
raising the standards

for SCSI.

; A big, well-
connected family.

NCR’s family goes back to the
“Mayflower” of SCSI controllers with
the 5385 in 1982. The most recent
offshoot—the high-performance
S3C90A. Other family members
include a single chip host bus adapter
(53C400), an integrated buffer con-
troller (53C300) and even an ASIC
supercell for circuit designers. Plus
we’ll be there with SCSI II.

Finally, a cure for
SCSI overheadaches.

NCR'’s 53C90 is the only chip
that can give you fast, fast, fast relief
from overheadaches. Using com-
bination commands, dedicated
sequential logic and dual-ranked
registers for command pipelining,
the 53C90 is quickest on and off
the bus. Plus NCR implements
complex bus sequencing in hard-
ware, not time-wasting software.

Transfer rates? NCR’s 53C90
delivers the SCSI bus maximum of
5.0 MBytes/sec synchronous and
3MBytes asynchronous at 2SMHz
for the full length of the bus.

385

— 53cs/
MN2us  372ps*

How to get zap-
resistance, latch-up

protection and the
blessings of the FCC.

S3cvo

S3C400 g3c/z S3cook

Raise your standards.

Because our chips have an edge in technology, they
" can help give you an edge in the market. So don’t settle
It’s easy. — for the standard, call NCR today.
The NCR 5380 and 53C90 For documentation call our hot line 1-800-334-5454.
families give you ESD protec-  Or write to, NCR Microelectronics, SCSI Products,
tion up to 10,000 volts on the SCSI 1635 Aeroplaza Drive, Colorado Springs, CO 80916.

bus. NCR also provides controlled For technical assistance, call 1-800-525-2252,
fall times to reduce the undershoot that  Telex 452457.

could cause other CMOS chips to
latch-up. Controlled assertion rates
also reduce generated RFI, an impor-
tant factor in winning FCC approval mEE

for the final product.

A\ “Electronics Magazine August 20, 1987 Pg. 65 NCR Microelectronics Division
CIRCLE NO 66 109



Integrated Circuits

Dual op amp offers low noise
and low input offset voltage

The OP-270 is a dual op amp that
boasts a voltage-noise specification
of 5 nV/VHz max at 1 kHz. Its input
offset voltage is 74 pV max; its
offset-drift spec is <1 pV/°C over
the military and industrial tempera-
ture ranges. The device is stable at
unity gain; its gain-bandwidth prod-
uct is 5 MHz typ. When operating at

unity voltage gain, it settles to
0.01% of final value in 5 psec typ.
The op amp also has a typical output
slew rate of 2.4V/usec. Its open-loop
gain is 1500V/mV min into a 10-k{)
load, and its CMRR is 106 dB min.
The device draws a maximum of 6.5
mA when operating from 15V sup-
plies. The available packages in-

clude an 8-pin DIP and a 20-pin LCC
package. Industrial-grade devices
start at $4.50 (100); military-grade
parts cost $10.50.

Precision Monolithics Inc, Box
58020, Santa Clara, CA 95052.
Phone (408) 562-7384. TLX
713719541. Fax 408-727-1550.

Circle No 420

Analog-digital arrays include
high-fr transistors, ECL, and I’L

The five members of the Polyuse-J
family of analog-digital semicustom
arrays range in complexity from 400
to 2300 components. Each array
provides small-signal npn and pnp
transistors, power Darlingtons, and
I’L and ECL elements. In addition
to their customizable components,
the arrays have standard analog-
function circuits, including an RC-
or quartz-controlled oscillator, a
bandgap reference, a high-frequen-
cy op amp, a 6-bit D/A converter, a
voltage reference, and an ECL ref-
erence.

The array’s npn transistors have
an fr (transition frequency) of 3
GHz, so they let you implement
high-performance, small-signal cir-
cuitry. You can design power stages
by using the array’s 200-mA npn
Darlingtons and 30-mA pnp transis-
tors. The ECL elements have multi-
ple emitters, which let you imple-
ment stacked logic. You can operate
the ECL circuitry at speeds as high
as 200 MHz, and you can configure
its inputs and outputs to be either
ECL- or TTL-compatible. The I*L
gates operate at frequencies as high
as 2 MHz.

You can customize the arrays
with two metal layers, using the
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first level to route macrocells and

the second to interconnect them.
The vendor offers VAX-based and
IBM PC-based CAD tools to sup-
port IC design with the arrays; it
also offers kits of individual compo-
nents and macrofunctions that you
can use to make breadboards of your
design. Nonrecurring engineering
charges for prototyping are around
$10,000, and engineering for volume
production costs about $10,000. The

arrays cost $2 to $4, depending on
quantity.

SGS-Thomson Microelectronics,
Via C Olivetti 2, 20041 Agrate
Brianza, Italy. Phone (039) 65551.
TLX 330131.

Circle No 430

SGS-Thomson Microelectronics,
1000 E Bell Rd, Phoenix, AZ
85022. Phone (602) 867-6100. TLX
249976.

Circle No 431
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SIEMENS

Announcing a 27 Billion Dollar backer
for your Siemens ASIC team.

Siemens, a proven winner in elec- ADVANCELL™ ASIC library and Siemens...

tronics with $27 billion in sales, just guarantee yourself compatible your partner for the future.
entered the U.S. ASIC market. And our second sources. ©1988 Siemens Components, Inc.

team is geared for the ASIC circuit. The Siemens ASIC team’s reSPONSIVE Tieonsss from Toohis or Goneral Eleciie Ga. USA
With our first effort, we've combined service and technical innovation I certaln countries. ARI0RAGD: WEM 105
ECL and CML technology in one gate provides you with the winning edge. CIRCLE NO 67

array family. This means you can now For more information on how to put

design-in the ideal combination of your design into high gear write to

super ECL speed with economical, Siemens Components, Inc., ASIC

high-density CML performance on Marketing, 2191 Laurelwood Road,

one chip...everytime. You no longer Santa Clara, California 95054.

must compromise the speed you Or call ASIC Marketing at

need for the power you don't. In 408/980-4568, and see for

addition, speed/power programming, yourself how Siemens is ' Siemens .
as well as I/Os designed for both ECL making the difference ;

10K/100K and TTL interfaces give you on the ASIC circuit. /
the flexibility you need. . }

And that'’s just the start. Coming
down the home stretch are more
Siemens entries...1.5/1.2 micron
CMOS standard cells and 1.2/1.0
micron CMOS sea of gates arrays.
Use our sea of gates CMOS family
for quick turn logic and memory
on one chip or design your
high-performance,

cell-based ASICs

utilizing the common

Siemens
ASiIC
Team

Engineering Sfxmens
. SiC
L Team |

Quallly Assurance

Team

ri | Siemens
|
|
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MIL-STD-1553 bus controller
supports multiple protocols

The UT1553 BCRTMP is a bus con-
troller that supports the protocols
for MIL-STD-1553A and -1553B. In
addition, it supports the protocols
for the McDonnell-Douglas A3818B,
A5232, and A5690 and the
Grumman Aerospace SP-G-151A
specifications for the 1553 bus. The
monolithic chip stores and retrieves
1553 messages through a host inter-
face. The interface is either a DMA
channel that must arbitrate for the
host’s bus or a pseudo-dual-port
handshake that uses buffer regis-
ters to separate the message RAM
from the host bus. The host inter-

face has an address range of 64k
words. When operating in the re-
mote-terminal mode, the chip can

store as many as 128 messages and
can relocate data blocks to any sub-
address. When operating in the bus-
controller mode, it uses a memory
scheme that allows the host to chain
messages. The device comes in ei-
ther a 144-pin PGA or a 132-lead
flatpack, and it complies with MIL-
STD-883 revision C. It costs $1047.
United Technologies Microelec-
tronics Center, Military Standard
Products Dept, 1575 Garden of the
Gods Rd, Colorado Springs, CO
80907. Phone (800) 645-8862 or

(303) 594-8259.
Circle No 421

On-chip write-pulse generator
improves ECL RAMS’ cycle time

The members of this family of ECL
Self-Timed Rams (STRAMs) fea-
ture latched or registered I/0 lines
along with an on-chip write-pulse
generator. A clock signal triggers
the write-pulse generator. The tim-
ing of the internal write pulse to the
memory cells minimizes the setup
and hold times. As a result, the
RAM automatically controls the
critical relationship between the
clock-pulse width and the write-en-
able timing. One member of the
family, the MBM10486L1-13, is a
4kx4-bit RAM having a cycle time
of 13 nsec min and an address-access
time of 10 nsec max. It is compatible
with 10K ECL devices. Another
member, the MBM100476L1L-9, is
organized as a 1024x4-bit RAM,; it
has a 9-nsec min cycle time and a
1-nsec max address-cycle time, and
112

/

it’s compatible with 100K ECL
products. The devices come in
28-pin ceramic DIPs. The 1kXx4-bit
units cost $55 (1000); the 4kx4-bit
devices sell for $75 (1000).

Fujitsu Microelectronics Inc,
Marketing Communications, 3545
N First St, San Jose, CA 95134.
Phone (408) 922-9000.

Circle No 422
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HP humbly introduces
the highest performance
multimeter in the world.

100,000 readings per second and Cal Lab accuracy.

Lots of people claim they have the best a measurement and output to the bus
multimeter, but we're just going to let the 200 to 300 times per second.

specs do the talking. You'll see we've created * Calibration standard accuracy and

a multimeter that doesn't present you with 8Y2 digits.

abunch of trade-offs—you can have speedand * Modest price: $5,900.00%*

accuracy. To get complete technical specifications

* 100,000 readings per second at 4% digit before you order an HP 34568A DMM for your
resolution. If you need 5% digit resolution, — system, call 1-800-752-0900, Dept. A215.

you'll get it at 50,000 readings per second.
* Remarkable throughput rate— change RN ﬂﬁ] HEWLETT

a function and change a range, take ©1988 Hewlett-Packard Co. 090180/EDN PACKARD
EDN July 7, 1988 CIRCLE NO 70 13
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Phone IC automatically compensates
for loudness of phone user’s voice

The TEA1064 speech/line-interface
IC, for use in telephone sets, fea-
tures dynamic gain limiting, which
reduces distortion in the transmit-
ted speech signal and reduces the
transmitted side tone to a comfort-
able level. The device meets the
performance requirements of all the
major PTTs (post, telephone, and
telecommunications authorities) in
Europe, the USA, and the Far East.
Because it can operate from a line
voltage of 1.7V, it allows several
phones to operate in parallel on the
same subscriber line.

The speech circuit amplifies the
voice signal received over the tele-
phone line and provides a single-
ended or differential drive for a va-
riety of earpiece types. The
earpiece amplifier generates only
—85 dB of noise, even when oper-
ated at a gain of 31 dB. The micro-
phone cireuit is suitable for use with
dynamic, magnetic, piezoelectric
and electret microphones.

The IC has an interface for a
dialer, and it produces an earpiece-
confidence tone during DTMF dial-
ing. A Mute input allows you to
disable speech transmission during
DTMF or pulse dialing. The DTMF
amplifier has a typical gain stability
of £0.2 dB over the device’s —25 to
+75°C operating-temperature
range. It also has automatic gain
control, which allows you to operate

the device with various values of
exchange supply resistor and vari-
ous voltages. The IC also generates
a 3-mA supply from the line voltage
for peripheral circuitry.

During normal operation, the
TEA1064 works with line currents
of between 11 and 140 mA. At a
reduced-performance level, it oper-
ates at line currents as low as 2 mA
and at a line voltage of 1.7V. Its
maximum continuous line voltage is
12V. The device comes in a 20-pin
DIP or a small-outline surface-
mount package. It costs around gld
3 in high volume and is available for
delivery within eight weeks ARO.

Philips, Components Div, Box
523, 5600 AM Eindhoven, The
Netherlands. Phone (040) 757189.
TLX 51573.

Circle No 428

Signetics Corp, 811 E Arques
Ave, Sunnyvale, CA 94088. Phone
(408) 991-4571.

Circle No 429

Error-detection and -correction units
come in four speed grades

The P74PCT632CC is a family of
CMOS error-detection and correc-
tion units (EDACs). The EDACs can
detect and correct single-bit errors
in a 39-bit word that consists of 32
data bits and 7 modified-Hamming-
code check bits. In a typical applica-
tion, when the system writes to
memory, the EDAC reads the 32
data bits on the data bus and gener-
ates 7 check bits to produce a 39-bit-
wide word to be stored in the sys-
tem memory.

114

During a read operation, the chip
reads all 39 bits from memory in
order to detect any errors. If the
chip detects a single-bit error, it
corrects the data and sends the cor-
rected data to the host and memory.
If the chip detects a double-bit
error, it notifies the host processor
of the existence of the error. It can
also detect and flag gross error con-
ditions, such as all-zeros or all-ones
conditions. The family comprises
four models, which have error-de-

tection time delays of 30 nsec, 25
nsec, 20 nsec, and 16 nsec max,
respectively. Each chip operates
from a —5V supply and comes in a
52-pin DIP. The 16-nsec version
costs $138 (100).

Performance Semiconductor
Corp, 610 E Weddell Dr, Sunny-
vale, CA 94089. Phone (408) 734-
8200. TWX 650-271-5784. Fax 408-
734-0258.

Circle No 423
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L./S Band Power
GaAs FETS:

A New Era In
Power Amplifiers

Power amplifier technology has come a long way.
Just consider NEC’s new L/S band power
GaAs FETS.

There’s the NE345L-10B L/S-band GaAs
FET with 10W of linear power or the NE345L-20B
L-band GaAs FET with 20W of linear power.

P1db 6L Ef.

Part (TYP) (TYP) (TYP)
NE345L-10B 40dbm 9db 40% @ 2.3 GHz
NE345L-20B 43dbm 10db 40% @ 1.5 GHz

With MTBF's that are orders of magnitude better
than TWT’s, no warm-up time, and no heavy
power supplies, these parts are ideal replacements
for TWT's in existing systems.

The NE345L series’ excellent linear gain,
high performance, and hermetically sealed ceramic
packaging also make them the perfect choice for
many applications: such as phased array radars,
airborne navigation systems, studio/transmitter
links, educational TV, and mobile satellites.

Contact CEL for more information, data
sheets, or application support. Then see how your
power amplifiers can truly come of age.

California Eastern Laboratories
3260 Jay Street, Santa Clara, CA 95054  (408) 988-3500
Western (408) 988-3500  Eastern (301) 667-1310

Canada (613) 726-0626

Europe NEC Electronics GmbH 0211/650301
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Hard-disk-controller chip integrates
formatter, buffer manager, and bus controller

The CL-SH260 is a hard-disk-con-
troller chip for the IBM PC, PC/XT,
and PC/AT and compatible comput-
ers. The single CMOS chip inte-
grates formatter, buffer-manager,
and bus-controller functions. The
formatter can handle NRZ disk data
rates as high as 20M bps. It consists
of a serializer/deserializer, a RAM-
based track sequencer, and selecta-
ble 16-bit CCITT CRC (cyclic re-
dundancy check) or 32-bit AT ECC
(error-correction code) circuitry.
The hardware also generates a
56-bit ECC polynomial. The format-
ter supports 1:1 interleaves and can
be used with interfaces to ST506/
412, ST412HP, ESDI, and SMD
disks. The buffer manager can ad-
dress as much as 64k bytes of RAM
and can support a throughput rate
as high as 6M bytes/sec to or from
the buffer memory. The bus control-
ler has on-chip registers that emu-

807 E 7121516
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late the IBM Task File for the
PC/AT and the IBM Command
Descriptor Block for the PC/XT.
The chip can sustain a 2M-byte/sec
transfer rate to the disk and a 4M-
byte/sec transfer rate on the host

bus. It sells for $30 (OEM qty).
Cirrus Logic Inc, 1463 Centre
Pointe Dr, Milpitas, CA 95035.
Phone (408) 945-8300. TLX 171918.
Fax 408-263-5682.
Circle No 425

Family of 8-bit microcontrollers
offers EEPROMs as an on-chip option

The TMS370 is a family of 8-bit
microcontrollers fabricated in
1.6-pm CMOS. The parts’ on-chip
options include 256 bytes of
EEPROM for data memory, 4k
bytes of ROM or EEPROM for pro-
gram memory, an 8-bit A/D con-
verter, a serial communications in-
terface, and an expansion bus.
Besides the six standard configura-
tions that are currently available,
the company offers 16 special-func-
tion modules for custom designs.
Each of the standard pn.Cs contains a
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serial peripheral interface, a watch-
dog timer, a 16-bit timer (on three of
the units, two timers are standard),

and either 128- or 256-byte data
registers. The units use a single 5V
supply and can function with a
20-MHz clock. They operate over
—40 to +85°C. Chips packaged in
28-pin plastic DIPs or PLCCs cost
$3 to $7, depending on quantity.
Parts housed in 68-pin PLCCs range
in price from $4.50 to $10.

Texas Instruments Inc, Semi-
conductor Group, SC-828, Box
809066, Dallas, TX 75380. Phone
(800) 232-3200 ext 700.

Circle No 426
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THE ONLY THING FASTER THAN
ROCKWELL'S MODEMS IS MARSHALL'S SERVICE.

At 14,400 bits-per-second,
Rockwell’s high-speed modems
are a f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>