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TekCASE. HOW TO
BREAK A PROJECT INTO PIECES.
AND PUT IT TOGETHER AGAIN.

RIGHT.

. :l. &

You know how to maintain control and
ensure quality of a complex systems proj-
ect: first you divide it into parts and work on
them concurrently, then you put it back
together again. You also know how seldom a
project survives this kind of reassembly intact
—frequently, the final result barely resembles
the original intent. Tektronix, a developer of
complex systems for many years, now intro-
duces a solution to the problem. This solution is
TekCASE: a complete set of software engineer-
ing tools and services to guide you through the
specification, design, and documentation of
even the largest and most complex systems
projects. Tektronix supports the entire software
development life cycle.

Finally, a flexible and extensible tool set
that gives you forward and reverse trace-
ability and verification. Thanks to Analyst/RT
and Designer, only TekCASE provides auto-

matic transformation from specification to
design and automatic conversion from code
back to design. With the addition of Auditor,
providing support for software developers com-
plying with DOD-STD 2167, only TekCASE
gives you uninterrupted visibility of your project
from start to finish. And TekCASE runs on any
VAX® configuration.

TekCASE is more than just a software tool
set—it’s a strategic partnership. From proj-
ect concept to code and beyond, TekCASE
provides support, service, and frequent prod-
uct updates. So, whether your project is in
parts, back together, or somewhere in
between, TekCASE is there to help you make
sure the pieces fit. For more information, con-
tact your local Tektronix representative or call
1-800-TEK-WIDE, extension 682. Tektronix, Inc.,
Computer-Aided Software Engineering Divi-
sion, P.O. Box 14752, Portland, Oregon 97214,

™TekCASE is a trademark of Tektronix, Inc
"VAX is a registered trademark of Digital Equipment Corp
Copyright © 1987 by Tektronix, Inc. All rights reserved. MIA454
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FREEZE VIDEQ
SIGNALS WITHA
SAMPLE & HOLD
AMP LIKE THIS.

Introducing the VA730 High-
Speed Sample & Hold Amplifier . . .
the only monolithic IC of its kind that
operates in the 50MHz range.

The only one that's available
in surface-mount packaging,
and in both commercial and
military grades.

And the only one that’s designed
specifically to operate with 8-bit
flash converters.

Best of all, not only is it less
costly than expensive hybrids, it's
priced well below competing
Japanese monolithics.

The VA730 has an A/D converter
reference power supply, a sample &
hold function, and an ECL clock
output section operating to a
frequency of 50MHz.

It's available in a 14-pin cerdip
package, in a 20-pin ceramic
leadless chip carrier (LCC), and in
die form.

The VA730 Sample & Hold Amp
is just part of VIC'’s broad line of
Linear Signal Processing (LSP) ICs,
which includes Op Amps to 500MHz
gain bandwidth . . . precision, high-
speed, and fast settling, plus dual
and quad . . . with no sacrifice
in performance.

PUNGH UP YOUR FLASH
A/D PERFORMANGE.

A/D Converters to 12 bits,
1usec conversion.

Flash Converters to 8 bits,
250MHz.

DACs to 12
bits, 100nsec
settling time.

A family of
ECLand TTL
High-Speed
Comparators to
1.5GHz

Video Amps
and Unity Gain
Amps to 2000V/
usec, 300MHz.

And Operational
Transconductance
Amplifiers to 50V /usec,
75MHz.

Quite simply, if your
analog application requires
high performance, you
should be specifying VTC's
LSPICs!

Most of these standard parts

are also available as cells in our P <J R
6GHz Linear/Digital Bipolar ew y 9
Standard Cell Library, the VL3000. - Wy

They all feature 5V operation, - J W o™ W
which means they help simplify your -5 £1\0 Wiz-»
system power requirements, and -~ .J\/w Me&‘«v 7
reduce power consumption. - e ‘2, e # 40 2421

For samples and data sheets \j\VEo gp.‘l‘ﬁ" 2 N - FoR a1
on the VA730, or any of our LSP -~ cw“:NN =0 st pda_‘,"gp.lﬂb FITER)
products, call toll-free or write sH et (ns £l

: - ey tod z
us today: VTC Incorporated, m,wﬂ o R gy T4
2401 East 86th Street, Bloomington, - 7{5? A
MN 55420. (In Minnesota: £
612/851-5200.) pit
CALL 1-800-VTC-VLSI - /
- =
L 3
&

VTC Incorporated

Performance, Pure & Simple’
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Now that Wavetek has huilt a
new home for test instruments,

look who's dropping in.

Imagine a full-size rack loaded
with the highest performance
instruments available.

Now picture all that performance
in a much smaller space—inside the
chassis of the new Wavetek Model
680, an open-architecture system of
instruments on cards. Select from
instruments made by Wavetek and
other top manufacturers like Racal-
Dana and Datron.

Model 680 is just 7" high, yet
it holds up to eight instruments.
Think how that can save room in
your ATE bay. And think of the
flexibility. Buy the modules you

Copyright 1987 Wavetek Corporation

need today. Then, as your needs
change, plug in more.

Modules now available include
a 20 MHz Arbitrary Waveform
Generator, 100 MHz Pulse Generator,
6% digit .002 %-accuracy DVM and
a Counter that measures intervals
down to one nanosecond. You can
even design your own modules.

Besides saving space, Model
680 can save money over stand-
alone instruments.

Then there are the performance
benefits. A 32-bit high-speed VME
bus provides timing and synchroni-
zation signals, and an analog
summing bus can be used to create

Circle 41 for Literature

Circle 80 for Demonstration

complex signals. There is also built-
in testing, calibration and reference,
and a powerful processor.

How will the Wavetek Model
680 fit into your present systems?
Quickly and easily, because we
have included interfaces for GPIB
and MATE-CIIL.

Best of all, the Model 680 is
available now. For details, call or
write us today. Wavetek San Diego,
Inc., 9045 Balboa Ave., San Diego, CA
92123; Telephone 619/279-2200.

WAVETEK




THE INDUSTRIAL
COMPUTER YOU GAN SHAKE

ven while it’s
working, and
it will keep
on working
for a minimum of
S years.

System 2 is IBM
PC/XT software
compatible and fits g
on a single 4.5” x 6.6” g
card. So, for simple appli-
cations, embedding the
system is easy, and the
cost is minimal.

Vibration: Over 5gs

Shock: Over 20gs

Reliability: Over 5 year MTBF at 55°C
Operation: 0 to 65°C

Parts and lahor warranty: 5 years

Specifications

For more complex
tasks, memory can be
expanded to 640K bytes,
EGA and printer
interfaces can be added,
and semiconductor or
bubble memory disk drive
options selected. If your en-
vironment IS not severe,
floppy and hard disks are
easily added*. If you want

e '«w«'ﬁs"

RATTLE AND ROLL

to move data on a

network, we have Novell

or ViaNet compatible

ARCNET interfaces.
Whatever your appli-

cation, you will need [/O

and its supporting

software. We

have up to 23

user slots, a

wide selec-

tion of digital

and analog industrial

interfaces and their

Microsoft's MS-DOS 3.3

3 times performance of PC/XT**

128K-bytes CMOS memory

PC-compatible serial port, counter/timer
& interrupt controller

Time of day clock

Features

software drivers.
Compatible Plug-
in I/0 is also sup-
plied by dozens of
other manufac-
turers including
Servo and stepper
‘A motor controls,

§  bar code readers,

voice recognition

‘ and response, and GPIB.

If you want proprietary
[/0O, you can design and
make your own plug-m
boards for System 2.

Be a mover and a

~ 538-9570 or
write Pro-Log
Corporation,
2560 Garden Road,
Monterey, CA 93940

PRO-LOG’

CORPORATION

Pl

USA (800) 538-9570; Australia (02) 419-2088;
Canada (416) 625-7752; England (0252)
851085; France (1) 3956-8142; Germany
(07131) 50030; ltaly (2) 498-8031; Switzerland
(01) 624 444 PLO58

*Thermal and mechanical specifications are reduced by the use of mechanical disk drives. “*The System 2 was tested using the Norton (SI) test and had a 2.9 rating over the PC/XT. Microsoft and
MS-DOS 3.3 are registered trademarks of Microsoft Corporation. ARCNET is a trademark of Datapoint Corporation. IBM and IBM PC/XT are registered trademarks of International Business Machines
Corporation. ViaNet is a registered trademark of Western Digital Corporation. NetWare is a trademark of Novell, Inc.
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On the cover: When perusing this year’s
wP/uC Chip Directory, you may be sur-
prised to find that software is becoming as
important as the micvoprocessor in the
design of a pP-based system. See py 100.
(Photo courtesy National Semiconductor;
design by Petretto/Cook Design Group;
photography by Lindstrohm
Photographers)

verAa AP

DESIGN FEATURES

Choosing the pP is no longer the most im-
< . . = .
portant decision an OEM must make in

EDN’s 14th Annual pP/pC Chip Directory 100
designing a pP-based system. VLSI progress

~”
/I and software momentum have relegated the

KEEPING AMERICA D to the role of a team plaver—Roders H
= b3 LA pl” to the role of a team player. et
COMPETITIVE Cushman, Special Features Editor

Designer’s Guide to 191
Switching Power Supplies—Part 2

Part 1 of this 2-part series dealt with simple switching power sup-
plies and described a “‘cut and try”” approach for stabilizing a supply’s
feedback loop. The conclusion offers advice on designing more com-
plicated switching supplies, ones with isolated outputs.—Jim Williams,
Linear Technology Corp

Use of transimpedance amplifiers 205
minimizes design tradeoffs

Transimpedance amplifiers, unlike standard voltage-input designs,
maintain constant bandwidth regardless of the gain setting. You can
usc these amplifiers in video-speed and RF circuitry without having to
decrease the gain at high frequencies, while maintaining good dc per-
formance and low power consumption.—Alan Hansford,
Analog Devices Inc

Eliminate the guesswork 219
in analog-switch error analysis

As the accuracy and speed of data-acquisition systems increase,
analog-switch errors can consume increasing portions of the error
budget. However, you can employ several circuit-design techniques to
minimize the effects of device limitations.—Stephen Moore, Siliconix Inc

Use op amps to design 229
optical position-sensing circuitry

You can design a varicty of op-amp circuits to condition optical
position-sensing signals. Depending upon the special requirements,
S/N ratio, input-signal strength, and cost constraints of your applica-
tion, you can use one or more of the configurations presented here to
implement your position-sensing circuitry.—Jerald Graenme,
Burr-Brown Corp

Continued on page 7
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Introc
perfect 32-

The Philips PM 3570 Logic Analyzer.
A no-compromise solution for true 32-
bit systems integration. At a price that
won'’t weigh you down.

HEAVYWEIGHT PERFORMANCE

- 32-bit channel width: No other logic ana-

lyzer in its class offers 83 state plus 32
transitional timing channels for simul-
taneous, time-correlated display of software
flow and high-speed hardware signals.

= Unmatched acquisition speed: Up to 400

MHz with 2.5 ns resolution for data capture
four times faster than similarly-priced
instruments.

= Transitional Timing: A Philips’ innovation,

this feature provides the equivalent of 132
GBytes of conventional RAM.

« Plus broad support: Get dedicated person-

ality modules for quick connection to most
8-, 16- and 32-bit micros.

ucing

nit balance

EASY MEASUREMENTS

- Softkey simplicity: Eight menu-driven soft-

keys give you direct access to over 300
different functions.

- Labeled timing channels: Lets you identify

each channel with your own code names.

- Time-tagged events: Logs time between

events for stored signals in synchronous
and asynchronous acquisition modes.

- Non-volatile memory: Stores four complete

user settings, measurement data and your
last set-up—even at power-down.

UPSCALE SUPPORT

Count on a one-year warranty and all the
application and service assistance you'll
ever need. From Fluke—the people who

believe that extraordinary technology
deserves extraordinary support.

CIRCLE NO 112

WEIGH THE DIFFERENCE

Call Fluke today at 800-44-FLUKE ext.77.
And discover how easy it is to achieve per-
fect 32-bit balance.

John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C,
Everett, WA. 98206

U.S.: 206-356-5400 CANADA: 416-890-7600

OTHER COUNTRIES: 206-356-5500

Copyright 1987 John Fluke Mfg. Co., Inc
All rights reserved. Ad No. 1171-P3570

PM 3570 « LOGIC ANALYZER

IFLUKE]
®
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By taking advantage of semiconductor-
manufacturing techniques, sensor makers
are mass-producing silicon microstructures
that mimic the functions of conventional

sensors (pg 75).

TECHNOLOGY UPDATE

Motor-control ICs extend performance 61
levels of stepper and brushless dc motors

Stepper motors and brushless dec motors find use in applications
ranging from copiers and robotics to computer peripherals, and such
applications demand monolithic ICs dedicated to the task of providing
speed and position control.—Dave Pryce, Associate Editor

Silicon microstructures let manufacturers 75
implement a variety of sensors on chip

Silicon, an element synonymous with low-cost digital clectronics, 1s
now the basis for inexpensive, IC-size analog sensors. Manufacturers
have been selling silicon pressure sensors since 1985, but in the past
six months they’ve branched out to offer other kinds of sensors that
are chemically etched from a silicon substrate.—] D Mosley,
Regional Editor

PRODUCT UPDATE

Synchronized 5%-in. Winchester drives 89

DESIGN IDEAS

Open-loop servo adjusts shaft position 247
Simultaneous-addition algorithm saves time 248
PLD functions involve enabling outputs 249
Fast algorithm computes square root 250
Circuit measures op-amp settling time 252

Continued on page 9
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FIRST FROM TEKTRONIX -

TURN BACK THE CLOCK ON
MICROPROCESSOR PROBLEMS!

Now see what your painstaking process of m Subroutine trace. Follow
hardware and software tracking contents by hand. the flow of high-level lan-

are really doing, in real m Data display. \Watch as guage subroutines using
time, without waiting for your variable space is modi- address symboalics.
problems to repeat. fied by the software. Nomore ~ m Performance analysis.
Nothing else comes trial-and-error toit—youcan  Plot execution times, times
close to tools like these see when variables get within subroutines, and more,
in Tek'’s DAS9200 Digital clobbered. for an invaluable graphic
Analysis System: overview.

® Register Monitor and inte-
deduction. grate up to six 8-,
Acquire and disassem- 16- or 32-bit micros
ble up to 32K samples at once! Thats just
of processor activity. one of many other
The DAS9200 can ways the DAS9200
show you the contents helps you beat the

of the register before clock in system

the problem occurred! design. To lean

m Stack deduction. more, contact your

Similarly, you can
scroll through
changes in a stack
model and end the

local Tek represen-
tative. Or call:

1-800-245-2036.
In Oregon, 231-1220.

Circle 40 for Literature

Copyright ©1987, Tektronix, Inc. All rights reserved. LAA-434
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Only Mentor Graphics stands

up to the pressure
on PCB layout.

As a PCB designer, you're under constant
pressure from all sides. Endless ECOs from
engineering. Impossible schedules from
management. Anxiety from manufacturing,

The only way to survive and thrive is to
be fast and accurate.

So the flashy simplicity of some PCB lay-
out workstations makes them very appealing at
first glance. But all too soon, you'll find they've
made you neither faster nor more accurate.

Now there’s Board
Station” from Mentor Graphics.
It's easy to learn, vet also packs
the power you'll need to cope with even the
most complex board designs and technologies.

Within minutes after you sit down at Board
Station, you'll be performing all its basic
operations with confidence and ease. A fast,
graphics-oriented interface moves you
smoothly and comfortably from one design
function to the next. All commands are
grouped logically, with pop-up menus and
pull-down forms.

And when you're ready for more sophis-
ticated operations, Mentor Graphics stays right
with you. Board Station’s flexible and versatile
editor lets you effectively tackle even the most




advanced layout problems, like SMDs and
double-sided placement. And our component
placement tool is the best anywhere, with
software that thinks just like a PCB designer.

Also, you can shift effortlessly from
interactive to automatic placement or routing,
so your work effort is constantly optimized.
And you have ready access to a large PCB
geometry library, while intelligent logical-to-
physical pin mapping streamlines your layout
task. Board Station can even be gradually
converted into a highly personalized tool with
high-level macros and custom window layout.

What's more, you can share a database
with the engineering department, so essential
information is automatically forwarded to you,
like specific component locations, critical nets
and other design constraints.

Board Station. It's all part of a vision
unique to Mentor Graphics, the leader in

electronic design automation. 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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PAL devices:
We didn't wait for the future.

There’s no doubt that we're fast. But speed
isnt all that makes us the logical choice in
programmable logic.

AMD PAL* devices give you more
because they have more functions per chip.
With unique features like input/output logic
macrocells, buried registers and variable
product term distribution, you can design
with more efficiency. And freedom.

PAL devices you can count on.

Speed and functionality dont mean
much if you can't count on your PAL
devices. We can deliver better than 98%
programming yield. And we added extra
circuitry for functional and AC testing. That
means we can test parts prior to program-
ming. Then after you've programmed all
the parts, you'll be pleasantly surprised to
discover our Post-Programming Functional
Yield is an incredible 99.9%.

Our products range from industry
standard 20- and 24-pin PAL devices to the
innovative 22V10 and the 23S8. We've got
the kinds of technologies and features you
need in packages and temperature ranges
to fit your design. We've even got high-
complexity E2CMOS products and ECL on
the way.

And it’s easy to use our PAL devices
because we provide a broad selection of
high level software that lets you get from
system requirements to programmed pro-
duct easily Need more information? Just
ask and welll send you the AMD Program-

Performance Speed-Up mable Logic
20-Pin PAL Devices Handbook.
Propagation Now you

Delay  Speed Level Date | don't have to
25.0ns ASpeed (Q4,1981 | wait for the

15.0ns B Speed 3, 1986 i
100ns  D%peed (33 1087 | [uture either
7.5ns E Speed (4, 1987

*PAL is a registered trademark of, and is used under license from, Monolithic Memories Inc.
Call toll-free (800) 538-8450 ext. 5000; inside California call (408) 749-5000.

Advanced
Micro Devices ¢

901 Thompson Place, P.O. Box 3453
Sunnyvale, CA 94088
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you can't solve your
off-the-shelf devel-
tools. But if you try to pull
s together yourself,
long frustrating hours
up with a develop-
that falls short of

ow Applied Microsystems

Ip: a new method of link-
pment tools that can be
) your specific needs.
offer you a seamless, painless

ce along with the ability
match your host, language,
operating system and software
irements to your engineering
ethods and target design, be it
[ntel, Motorola or Zilog.

Debug tools for your integrated
development environment.
Whether you're working on

~ an 8-bit, 16-bit or even 32-bit
microprocessor design, Applied
Microsystems lets you tailor the

~ emulation and debug tools you
need. Everything from symbolic
and source-level debuggers to
assemblers, cross-compilers and
utilities. The chart shown above

EDN November 26, 1987

evelopment system you need won't exist
until we create it for you.

HOSTS OPERATING TARGETS LANGUAGES TOOLS
SYSTEMS
VAX VMS 8051, c Assemblers
MicroVAX ULTRIX 8048 family,  pascal Linkers
UNIX® UNIX gggg} gg%v FORTRAN Locaters
] éﬁgno MS-DOS and 80286 Assembler (Siylx)nbolic
(BMAT dhn o S
MS k[s)OS ggggg{}:& debuggers
o oo 68000/8/10 Emulators
it and 68020
- PCAT 780, MK3880/4
Compatibles and Z8001/2/3
NSC-800
A stand-alone or host-control system of fully integrated debug tools
built on high performance emulation.

Call toll- free and ask for
the proof.

Discover why our integrated
development systems are the fast-
est and easiest ways to start and
finish a design project. For techni-
cal and application details call
1-800-426-3925. In Washington,

gives some idea of the power and
convenience we can offer you, but
it can only hint at the benefits you
will enjoy.

Validate™ links emulation with
symbolic and source-level

debugging.

When your call (206) 882-2000. Or write
software engi- Applied Microsystems Corporation,
neers only speak P.O. Box 97002,

C and your emu- Redmond, WA 98073-9702.
lator Only speaks 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 trademwark of AT&T.

assembler, your L_____,

development tools are worse than
worthless. If your function is in

assembler and your debugger mm =
speaks only C, you've got the same

problem. The power of the Vali- .
date environment is that it works Apphed

equally in high level languages
and in assembler. You don't sacri-
fice any power or any comfort.

Microsystems
Corporation
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What has
the gate array density
you’ve heen waiting for-
without the waiting?




Easy answer: the Logic Cell™ Array (LCA).
A new, field-programmable CMOS gate array
that has a flexible, wide-open architecture. Along
with true VLSI-level density.

LCAs are built around logic and I/O blocks

which you define and interconnect to build larger-

scale, multi-level logic functions. Since you
never alter their structure, you can reprogram
them as often as you like. And avoid any NRE.
With LCAs, you get an honest-to-goodness
1800 usable gates (and as many as 8000 gates
in the near future). So just one part can replace

EDN November 26, 1987

up to 50 SSI/MSI devices. Or up to 10 PLDs.
You also get a choice of surface mount,
pin-grid or DIP packages. In speeds up to 70MHz.

New developments weekly.

With our easy-to-use XACT™ software, you
simply draw the design and let your IBM" PC
XT/AT computer convert it to code. You can use
our library of over a hundred macros or define
your own. Let the software perform the inter-
connections automatically (unless you specify
something unique). And generate documentation
at the touch of a button.

The whole process is so fast, you'll be test-
ing prototypes in a matter of days. And shipping
finished products while your competitors wait
for their prototype chips to come in.

Look who'’s behind you.

When it comes to field programmable
logic, there’s no substitute for experience.
Which is what
you get plenty of
when you deal
with the company |
that invented
the PAL" device
and made it the
industry standard.

Because
we've got a com-
plete staff of systems-experienced FAEs, there’s
no waiting to talk to an expert who knows how
Logic Cell Arrays can work for you. And, you
can get comprehensive assistance at MMI
distributors worldwide.

If you'd like to talk to one of those experts
about your application, or for a free LCA Demo
Disk, call our Applications Hotline at (800)
222-9323.

Or write to Monolithic Memories, 2175
Mission College Blvd., Santa Clara, CA 95054.

Because there’s nothing else like having
the right part from the right company.

MMTI’s XACT software allows for
simple LCA design.

Logic Cell and XACT are trademarks of XILINX Inc. IBM is a registered trademark

of International Business Machines Corp. PAL is a registered trademark of Monolithic
Memories, Inc.
© 1987, Monolithic Memories, Inc.
Monolithic
Memories
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Master the Universe

Run it all on almost nothing with
high performance, low-power op amps.

Do you like immense op amp explora-
tions? Galactic data dissection? Cosmic
comparisons between bandwidths, slew
rates, phase margins, etc., ad infinitum?

Us either.

So we're offering you comprehensive
solutions. One, a leading-edge, bipolar
op amp. The other a state-of-the-art JFET
op amp. Both superb combinations of
performance, versatility and low-power
efficiency. With exclusive, all-NPN out-
put stages providing unique advantages.

So you can use them for a myriad of
designs without stepping into a black
hole of endless device analyses.

Single supply MC33171 uses
one-eighth the power.

Operating from a single, +3 to +44 V
supply, or dual £1.5 to 22 V supplies
and with a common mode input which
includes ground, the MC33171 family
provides superior performance to indus-
try standard bipolar single supply op
amps. While consuming one-third the
drain current of the LM324 and one-
seventh the drain current of the MC3403
quad op amps, the MC33174 offers nearly
double the bandwidth and slew rate of
the popular devices.

The MC33171 provides 1.8 MHz band-
width (nearly twice that of ordinary
JFETs), and a 2.1 V/us slew rate. This
bipolar family has performance com-
parable tolow-power JFET input op amps
such as the TL061 and LF441 series but it
provides a much better output voltage
swing;: 28.4 V p-p with +15 V supplies.

What'’s more, its all-NPN output stage,
characterized by no deadband crossover
distortion and large voltage swing, pro-
vides high capacitive drive capability,
excellent phase (60°) and gain (15 dB)
margins, low open-loop high-frequency
output impedance plus sym-
metrical source/sink AC
frequency response.

MC33171 applications are
unlimited: in battery-powered
automotive, telecom, radio,
industrial instrumentation or

TYPICAL
BANDWIDTH

MC3403 LM324 MC33174 LFaa4 TLOG4
(lp = 7.0mA)  (Ip = 3.0mA) (ig = 1.0mA) (I = 1.0mA)  (Ip = 1.0mA)

MC34184
(Ip = 1.0mA)

- ~ Bipolar Inputs —> 4 ~ JFET Inputs —————>

active filters. In strong RF fields and other
high-noise environments such as remote
sites and robotics. And in lower-current
D/As where the series settles to within
1/2LSB of 12 bits in 4.8 us for a10 V step.

Where low-power and versatility are
paramount, the MC33171 bipolar op
amp fits beautifully.

High performance MC34181JFET
sizzles at 4 MHz.

That's four times more bandwidth than
the LF444 and TL064.

What'’s more, this new family provides
extremely fast settling times, 1.1 us t0 0.1%
and 1.5 ps to .01%, ideal for A/D sample-
and-hold circuits.

Its 10 V/us slew rate is three times
greater than the TLO61’s and ten times

Earth photo compliments of NASA.

more than the LF444’s. Combine these
parameters with the MC34181’s low,

2 mV V]Q, very high input impedance
for low input bias and offset currents of
3and 1 pA, respectively, and you have
the answer to precise performance in
instrument amplifiers.

Plus, output voltage swing of the
M(C34181 is up to 35% better than com-
parables when operated with low
supply voltages.

Like the MC33171, you can use it to
improve performance in communica-
tions networks, audio designs, and
battery-powered applications where
low power and a substantial boost in
performance payload are design goals.

Multiple choice for your
launching pad.

Both families are available in plastic
dual-in-line, SOIC and ceramic dual-in-
line packaging over all temperature
ranges in single, dual and quad configu-
rations—a total of 24 choices to master
your world of op amp applications.

1-800-521-6274

One-on-one-design-in help.
Anywhere in the U.S. or Canada, call

for an engineer-to-engineer update on

Motorola linear IC technology. Call toll-

free weekdays, 8:00 ;
to 4:30 p.m., MS.T. N‘ e
DN your

Or, we'll have an

applications engi- -
aesiZn-1n

team.

neer contact you
to master your
market. Faster.

<::>AﬂDTCWNDLA
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Name

To: Motorola Semiconductor Products, Inc. l
PO. Box 20912, Phoenix, AZ 85036

Please send me information on the MC33171/MC34181 op amp families.

340 EDN112687 I

litle

Company

Address

City

Call me ( )

State Zip
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When choosing between the two leading 32-bit processors, don't let
emulator support slow you down. NWIS is the exclusive U.S. source of
Microtek in-circuit emulators for both. And for all their other family
members as well, like the 68010, 68000, 80286, 80186 and 8086. And
many others*

In fact, Microtek emulators have a long track record of being
first to market with quality support for every major microprocessor.
Which gives you shorter time-to-market and an assured expansion
path for product uEgrades. .

Every Microtek emulator can be used as a stand-alone device, or
as part of an integrated Zstem. All use simple command structures
and include a symbolic debugger for rapid insight into your software’s
real-time behavior. And each communicates with the IBM* PC/XT/AT,
VAX; MicroVAX; Apollo and Sun computers.

Microtek emulators are }tl:vSt one part of NWIS's complete line of
embedded microprocessor software development tools.

Pioneering Microprocessor CASE

ZANW/S

NORTHWEST INSTRUMENT SYSTEMS, INC.
PO. Box 1309 * Beaverton, OR 97075 « 1-800-547-4445

Circle 118 for literature

Circle 119 for demonstration

: goz,o 580386
Who wins? Microtek.

Our Software Analysis Workstation (SAW) brings you hardware-based,
real-time software analysis in a source code environment. Including
performance analysis, time-aligned dual processor trace, code cover-
age analysis, and Context Trace,” which lets you trace high-level
events and related assembly-level code at the same time.

And for source code development, our Microtec® Research prod-
ucts provide you with C and Pascal cross-compilers, cross-assemblers
and debuggers for the same wide range of popular processors.

Best of all, NWIS backs all these products with solid applications
supf)ort, both at the local and factorz/ level.
So let-us become your single source for
emulators and other microprocessor
Computer-Aided Software Engineering
(CASE) tools.

1-800-547-4445.

IBM is a registered trademark of International Business
Machines. VAX and MICROVAX are registered trademarks of
Digital Equipment Corporation. Microtec is a registered
trademark of Microtec Research Inc:

*Processors supported by Microtek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6809E, 6502, 280, NSC800, 8085, 8032, 8051, 8031, 8344, 8048, 8049, 8050, 8, SUPER S, 68HC11, 64180, 80515.



NEWS BREAKS

EDITED BY JOANNE CLAY

50-yW VOLTAGE COMPARATORS SPEC 2.5-SEC RESPONSE TIME

The TLC393, TLC3702, TLC339, and TLC 3704 voltage comparators from Texas Instruments
(Dallas, TX, (800) 232-3200) are fabricated in polysilicon-gate LinCMOS technology,
which allows them to draw only 1/20 the current used by similar bipolar devices. They
typically provide a 2.5-usec response time, but dissipate only 50 yW of power. Although
these devices combine low power and high performance, the manufacturer asserts that
their worst-case input offset voltage drift is typically 0.23 pV/month. Operating from a
single 5V supply, the TLC393 and TLC3702 contain two independent differential-
voltage comparators, and the TLC339 and TLC3704 contain four. The TLC393 and
TLC339 both have open-drain TTL-compatible outputs, while the TLC3702 and
TLC3704 have push-pull outputs that eliminate any need for external pullup resistors
for driving capacitive loads. The TLC393 costs $0.52, the TLC339 is $0.65, the TLC3702
is $0.58, and the TLC3704 sells for $0.73 (100).—J D Mosley

PARALLEL-PROCESSOR DEVELOPMENT SYSTEM RUNS ON A PC

Coupled with an IBM PC/AT or equivalent computer, the SIMD (single-instruction,
multiple-data) Processor Development System (SPDS) provides a complete software-
development environment for NCR Corp’s (Fort Collins, CO, (800) 334-5454) Geometric
Array Parallel Processor (GAPP). The $50 (10,000) GAPP, which targets image-
processing and pattern-recognition applications, incorporates a 6x12-element array of
1-bit processors.

Although the company has previously offered software-development tools for the
GAPP, its $28,500 SPDS is the first to offer full-speed GAPP program execution. SPDS
performs this feat through hardware installed in a separate card cage. The card cage
contains a controller card that communicates with a corresponding host-interface card
in the PC over a 16-bit interface. The card cage also includes one array card containing
40 GAPPs (a 60x48-element array). You can install as many as four GAPP array cards
in the SPDS cage, thereby creating arrays containing processor arrays as large as
108x96. The package also includes a compiler, linker, and debugger for developing
software with the company’s proprietary GAPP Algorithm Language.—Steven H
Leibson

INTERFACE CARD PROVIDES DATA ACQUISITION FOR IBM PS/2

An interface card from Keithley Instruments (Cleveland, OH, (800) 552-1115) lets you
use your IBM PS/2 Model 50, 60, or 80 computer for data-acquisition and control appli-
cations. The card plugs into your computer and provides a link to 10 slots in Keithley’s
external Series 500 card cage. To customize the system to fit your applications, you
can select from 30 different data-acquisition modules that plug into the Series 500. For
$770 you get the interface card and an upgraded version of Soft500 data-acquisition
software on both 5%- and 3%-in. floppy disks.—dJ D Mosley

POWER-SUPPLY OPTION REDUCES LINE-CURRENT NEEDS

An active power-factor-correction (PFC) option available in selected off-line converter
products from Pioneer Magnetics Inc (Santa Monica, CA, (800) 33-1748) reduces the
power supply’s rms line-current needs. For example, a typical 115V ac, 15A circuit us-
ing a standard UL wall plug can support a 1000W output supply with correction,;
without correction it could support only a 7OOW supply. The PFC option converts the
high-current pulses normally drawn by a switching power supply into a sinusoidal
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waveform that’s in phase with the ac line voltage. When the current waveform exactly
matches the voltage waveform, the power factor becomes almost unity (0.99). As a side
benefit, the PFC option also significantly reduces line harmonics between 10 and 150
kHz. The option is currently available on the company’s PM2900 and PM2501B Series
supplies. $200 (OEM qty).—Tom Ormond

TWO HIGH-DENSITY ASIC ARRAY FAMILIES EXCEED 100,000 CELLS

Using 1-um drawn gate lengths, 1.2-um design rules, and three metal layers to route
signals and power, the Max HDC100 Series CMOS macrocell arrays from Motorola Inc
(Phoenix, AZ, (602) 8R1-4426) encompass more than 100,000 cells. In addition, the
ASICs feature internal gate speeds of 400 psec (with a fan-out of 2) and offer as many
as 512 configurable I/0 cells. You can use the vendor’s $7500 Modular Design System
software package and $500 HDC macrocell library to develop designs for the Max fami-
ly on a Mentor Graphics workstation.

Initially, the company plans to offer three members of the Max family: the HDCO16,
HDCO031, and HDC100, which have 16,416, 31,290, and 104,832 cells, respectively.
Nonrecurring engineering (NRE) charges for these arrays range from $35,000 to
$250,000. The company estimates that you’ll be able to use approximately 75% of the
available gates on the devices in a typical design. Part costs range from about $37 for a
16k-cell array packaged in a plastic, quad flat pack to approximately $624 for a 100k-
cell array packaged in a multilayer, ceramic pin-grid array.

Another CMOS ASIC array family, LSI Logic’s (Milpitas, CA, (408) 433-8000) LCA100K
Compacted Array Plus Series, realizes 100,000 usable gates on one die. To do so, the
ASICs employ three layers of metal; a 0.7-um channel length; and a 236,880-gate
master slice that measures 590 mils per side. The family also includes devices with
139,104 and 187,748 gates, which the company estimates will yield 60,000 and 80,000
usable gates, respectively. The arrays exhibit an internal gate delay of 460 psec with a
fan-out of 2.

The LCA100K family also offers as many as 344 1/0 cells per device. You can con-
figure the I/0 cells as inputs, outputs, bidirectional pins, or 3-state nodes, and you can
use these cells to drive internal as well as external signals. Each 1/0 cell can source
and sink as much as 12 mA, and you can parallel two cells for a 24-mA driver. The
parts come in either ceramic pin-grid arrays having 155 to 299 pins or ceramic leaded
chip carriers having 144 to 300 leads. The company offers the Modular Design En-
vironment (MDE) software package, which lets you develop designs for the LCAIOOK
ASIC family on Sun Microsystems workstations. Depending on configuration, the MDE
software costs from $50,000 to $300,000. NRE charges for the LCA10OK family start at
$150,000, and parts cost $200 and up, depending on the array and package you
select.—Steven H Leibson

PROTOCOL ANALYZER FOR ARCNET LAN MAKES ITS DEBUT

Arcnet LAN users can now employ the Model PA-404 Arcnet Sniffer from Network
General (Sunnyvale, CA, (408) 734-0464) to locate network problems. The $19,000 pro-
tocol analyzer captures frames from the network and can save this information on its
integral disk for later evaluation. In addition, the instrument can stress the network
by generating traffic to test the LAN’s ruggedness and performance under load. For an
additional $5000, you can acquire a dual-LAN Sniffer with diagnostic capabilities for
Arcnet LANs and either Ethernet or token-ring LANs.—Steven H Leibson
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Your product design require-
ments are different from
everybody else’s. We know you
need a wide variety of solu-
tions in the components you
select. That's why, when it
comes to choosing the right
combination of floating point
products, no one offers you a
wider variety than TRW LSI.

Whether you're hungry for
multipliers, dividers. ALUs
or register files, or have a
craving for a 22- or 32-bit
format, IEEE 754 or MIL-
STD-1750A, commercial or
military screening, plastic
DIPs, chip carriers or pin
grids, we offer the broadest
selection of mix-and-match
building blocks that give
you maximum flexibility for
your design.
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32-bit 32-bit
22-bit | IEEE 754.10 | MIL-STD-1750A
Multiplier | « v v
Divider v
ALU v v v
FRI?é;lsIer v v .

We can supply any configura-
tion or quantity you need.
Call us for a price quote today
and see how appetizing higher
performance and quality can
be. Or you can pick up the
pack of your choice from
Hamilton-Avnet, Arrow or
Hall-Mark.

TRW LSI—bringing the worlds
of DATA ACQUISITION
and DSP together.

For immediate technical
assistance, literature request
or price quote, call us at
619.457.1000 and ask for
Ula Brunn.

ariety Pack

LSI Products Division,

TRW Electronic Systems Group,
P.O. Box 2472,

La Jolla, CA 92038,

619.457.1000

In Europe, call or write:

TRW LSI Products,
Konrad-Celtis-Strasse 81,

8000 Muenchen 70, W. Germany,
089.7103.115

In the Orient, phone:

Hong Kong, 3.856199:

Tokyo, 03.461.5121: Taipei. 751.2062;
Seoul 2.553.0901

© TRW Inc. 1987 — 712A00687R
® Variety Pack is a REG. TM of the Kellogg Company

' N A4

LS| Products Division
TRW Electronic Systems Group
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SLIC IC PROVIDES TYPICAL LONGITUDINAL BALANCE OF 60 dB

The SL373 telephone subscriber-line interface circuit (SLIC) IC from Plessey
Semiconductors (Swindon, UK, TLX 449637; in the US, Irvine, CA, (714) 472-0303) pro-
vides a power feed to the line, controls relays for ring injection and line testing, detects
ground-key and off-hook conditions, and performs 2- to 4-wire conversion. You can
program these functions to suit a variety of telephone standards, and you can also pro-
gram the thresholds of the ring-trip and loop detectors. The device’s common-mode re-
jection allows it to achieve a 60-dB longitudinal balance for the line. Power fed to the
line is controlled by an on-chip switch-mode regulator that limits device dissipation to
1W—eliminating any requirement for a heat sink. The IC also has a low-power standby
mode, and it can supply both the normal and reversed telephone line polarities often
required for the transmission of billing information. The SL373 is packaged in a
28-pin ceramic DIP or J-lead surface-mount package. The DIP version sells for £10.93
(1000).—Peter Harold

MITI WILL ALLOW AN 80% INCREASE IN 1M-BIT DYNAMIC RAMs

The Japanese Ministry of International Trade and Industry (MITI) has relaxed cer-
tain semiconductor-production limits for the fourth quarter of 1987. The ministry has
raised the production ceiling for 1M-bit RAMs by 80%, which will permit Japanese
semiconductor manufacturers to turn out 21.5 million 1M-bit dynamic RAMs in the
fourth quarter. At the same time, MITI will allow manufacturers to produce 152
million 256k-bit dynamic RAMs, which represents a 4.5% increase in production.
MITT projects that Japan will export about 14.7 million of the 1M-bit dynamic RAMs
and 89 million of the 56k-bit units. US computer firms are expected to buy 70% of
the exported 1M-bit parts.—Joanne Clay

256Kk-BIT ECL RAM OFFERS 15-NSEC ACCESS TIME

Hitachi has produced an ECL RAM that offers a 15-nsec access time. The CMOS-bipolar
device consumes 400 mW. Its I/0 circuits and sensor amplifier are implemented in
bipolar technology, and its memory cell in high-resistance, polysilicon-load, 4-transistor
NMOS technology. The decoder is implemented in CMOS-bipolar circuitry. Samples will
be available in March 1988; they’ll sell for ¥24,000 (or $165.50) each.—Joanne Clay

SEMICONDUCTOR DISKS HAVE <1-MSEC ACCESS TIMES

Designed for use with Hewlett-Packard’s minicomputers, these three semiconductor
disks from disk-drive maker ISA (Tokyo, Japan) offer <l-msec access times and come
in 32M-, 64M-, and 1R8M-byte versions. The disks specifically target the HP computers
used on US military ships and aircraft. The company’s US distributor, IEM, will
market the parts in the US. The disks cost from $24,966 to $67,310.—Joanne Clay
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The New 4180 Plug-In

SPEED TRIALS.

=

* Multi-channel: two
or four channel
configurations.

* Unmaiched single-shot
capabilities.

* High speed, 200 MHz
digitizing.

* 100 MHz analog input
bandwidth.

* Real-time math
Junctions.

* For your Free Speed
Trial call: 800-356-3090
or 608-273-5008

Nicolet Test Instruments Division
PO. Box 4288

5225-2 Verona Road

Madison, WI 53711-0288
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Nicolet Digital Oscilloscopes

Speed. Using the latest designs in ADC technology, your input signal can be
digitized at speeds up to 200 MHz (5ns per data point) and saved for analysis. The
wide band input amplifiers allow signals up to the 100 MHz Nyquist limit to be input
without distortion. Sophisticated trigger setup displays allow you to accurately set
the level, sensitivity, and slope to make one-shot
transients easy to catch; eliminating the usual hit or
miss guesswork. For multi-channel applications two
4180’s can operate together in one mainframe
producing a four channel scope with no degradation
in speed or performance.

Real-Time Math. In addition to the extensive
post-processing capabilities in the mainframe, the
4180 has several useful routines which present
computed results as live, real-time displays: FFT,
MAX/MIN, A+B, A—B, A XB, A/B, and AVERAGING.

Nicolet

INSTRUMENTS OF DISCOVERY
CIRCLE NO 107 25




3 KHz-800 MHz
over 50 off-the-shelf models

from $295

Choose impedance ratios from 1:1 up to 36:1,
connector or pin versions (plastic or metal case built
to meet MIL-T-21038 and MIL-T-55631 requirements*).
Fast risetime and low droop for pulse applications;

up to 1000 M ohms (insulation resistance) and up to 1000V
(dielectric withstanding voltage). Available for

immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in

EBG, EEM, Gold Book or Microwaves Directory.

*units are not QPL listed

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
Domestic and International Telexes: 6852844 or 620156

C71 Rev. A
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one-piece design defies rough handling from]]

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

BNC, SMA, N and TNC models

Immediate delivery, one-year guarantee

50 ohms, dB values,
1,2,3,4,56,7,8,9, 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) $11.95
TAT (TNC) $12.95

finding new ways

SAT (SMA) $14.95
NAT (N) $15.95

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

EDN November 26, 1987
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(1-49)
*Freq Atten. Tol. | Atten. Change, (Typ.)
(MHz) (Typ.) over Freq. Range VSWR (Max.)
DC-1000 | 1000-1500 ‘ DC-1000 MHZ—FOOO-ISOO MHz
DC-1500 MHz +03 0.6 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)  TAT (TNC)

Model no. = a series suffix and dash number of attenuation
Example: CAT-3 is CAT series, 3 dB attenuation

Precision 50 ohm terminations only $6.95 (1-24)
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1
BNC (model BTRM-50), TNC (model TTRM-50)

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

C92REV.C
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Mega DRAMS.
Mega options.




Fast access from OKI:
CMOS 1 Meg DRAMs
in great working shape.

Maintaining a leading edge in CMOS technology and packaging,
OKI meets your fast DRAM specs with unique flexibility.

Anyway you look at it, OKI's fast-track
CMOS knowhow has got the one megabit
DRAM shaped up to go. Now. No matter
how demanding your parameters may be in
performance or packaging, it’s easy to work
it out with OKI.

Need super high speeds? Tell us to jump,
and all we ask is ‘“how fast?’’ OKI is ship-
ping megabit Dynamic RAMs stripped down
to 85ns. (With 80ns on the way....and 60ns
not far behind!)

Organization options? OKI offers both
1 Meg X 1 and 256K X 4 single-chip DRAMs.
Both from the same die. To cut qualification
time and expense, we built a bonding option
into our basic chip design. Qualify one die,
and you’ve got every OKI option covered!

DRAMs in a TAB package too.
Mega DRAMSs.
256K x4 Fast Page Mode M514256 Mega CMOS options.
OKI wouldn’t have it any other way.
Why should you?
Want more space-saving package

solutions? OKI maintains a high profile
in low profile memories — a o e e - - L L. L L L T T T
complete range of package \ i
ogtiotr;.s to hauridlet jttlst Get a Byte of DRAM ==——-' Only from
about any real estate ' @
o S i Bt for only $186.00! / OKI NOW

tomorrow. OKI package
enhancements have been
developed to carry you
through upcoming DRAM
generations: from 1-mega-
bit to the 4- and even
16-megabit memories.

[J Please send

SEMICONDUCTOR DRAMSs.

CIRCLE NO 104

OKI-108-787

Limited Time Offer: To help you work up your DRAM specs, OKI
offers you a BYTE with parity of 1 Meg X 1 CMOS DRAMSs (9 plastic
DIPs, fast page mode, 120ns) for only $186.00 per Byte Kit.

Byte of 1 Megabit CMOS DRAMSs.

Price per Kit is $186.00, plus $3.00 Company.
for shipping/handling: $189.00

Total/Kit, sales tax included. Offer Address
limited to 3 Kits per customer.

City. State Zip
Check or money order for $
enclosed. (Sorry, no company Tel: ( )
purchase orders please.) Return to: Customer Service,

[] Send complete data on OKI Megabit  OKI Semiconductor, 650 N. Mary Ave.,

Offer limited to 3 Kits per customer and expires December 31, 1987. Available only for USA & Canada shipment.

Need a tidier single chip than
the DIP? Ask us about the new
SOJ package that provides
the megabit DRAM in J-lead
surface mount. Or, get still
more compactness with
the OKI ZIP package’s
very narrow profile.

Also turning space
problems on end:
OKI’s SIMM pack-
ages load 9 to 18
megabits onto a
single easy-to-use
module. An instant
surface mount capa-
bility that packs up to
18 million bits into half the conventional
space. And OKI’s highly-automated pro-
duction capabilities will be consolidating

Kits containing a Name/Title

Sunnyvale, CA 94086. (408) 720-1900.




You wouldn't do this with your Analog VLSI devices.

You'll have to if you go to most ATE companies for
a solution to today’s sophisticated ““system silicon”
testing problems. Because all you’ll get is a make-
shift tester. And that means resigning yourself to
man-months of custom hardware work integrating
analog and digital instrumentation. And putting up
with the long hours of low-level software develop-
ment that go with custom solutions. Worse, you can
expect these delays to cut your chances of getting
your product to market on time.

Teradyne now has a simple answer to this com-
plex testing problem. The A500 Analog VLSI Test
System. It’s the first of a new generation of systems
specifically for AVLSI “system silicon” devices.

A test system that can help you cut critical product
development time by months or even years.

One Test System, Once and for All
With AVLSI devices you won't get fast design feed-
back, unless you test individual components—the

30

“building blocks” of system silicon. And you won’t
comply with customer and industry requirements if
you don’t do complete “‘system’ functional testing.
With conventional test systems it means two of every-
thing. Two testers, two test programs, two insertions,
two data bases. And more than twice the time to

get to market.

The A500 allows you to do it all with one system.
So there’s only one system to program. One insertion
to make for both component and functional testing.
And only one data base to work with. Which means
significantly less time to market.

Vector Bus II"™: the Great Integrator

The heart of the A500 is Teradyne’s unique Vector
Bus II architecture. It integrates analog and digital
VLSI test capability at the system level. Which
means you won't have to build special applications
hardware for every new device you design. Vector
Bus II eliminates that costly custom-work bottleneck

EDN November 26, 1987




Why accept it in an Analog VLSI Test System?

with such features as TimeMaster™ Synchronization,
Mixed-Signal Event Control, and MultiSource Data
Mixing.
A Picture’s Worth a Thousand Keystrokes
The A500 also revolutionizes program development.
Our IMAGE"™ (Interactive Menu-Assisted Graphics
Environment) software gives you graphics program-
ming as powerful as device designers’ CAD/CAE
tools. Using a mouse to control multiple windows,
pop-up menus and software “power tools,” you
move ideas rapidly from mind to screen. And much
faster to market.
Teradyne’s new A500 is the only test system
with the features you need to win the race
for Analog VLSI market opportunities. To find out :
more, call Beth Sulak at (617) 482-2700, ext. 2746. ‘Iﬁf A ! & ' \-E
Or call your nearest Teradyne sales office or write: X ‘

Teradyne, Inc., 321 Harrison Avenue, i
Boston, MA 02118. We measure quality.
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SIGNALS & NOISE

Hardware/software for
Macintosh deserves mention

I found your report on PC-based
GPIB control and data-acquisition
products (EDN, August 6, pg 94)
very informative. However, I would
like to suggest a future improve-
ment for articles of this type.

Mainly because of its innovative
user interface, the Apple Macintosh
is currently finding its way into
more and more corporate and engi-
neering assignments. In many cate-
gories, the best software available
runs on the Macintosh, and the
open-architecture Macintosh SE
and Macintosh II allow much more
flexibility in hardware interfacing
than do earlier models.

Your GPIB article included infor-
mation on software and hardware
only for IBM PCs and compatibles.
Not mentioned were three similar
products for the Macintosh: Reed
College’s Benchtop Instrument,

“.. .AND AFTER YOUR APPOINTMENT

WITH BELL MANUFACTURING, MAKE A

SALES CALL AT SMEDLY PRODUCTS AT
3:20 AND AT CALDWELL CORP. AT 4

GW Instrument’s MacAdios, and
National Instrument’s Labview. A
review of Labview appeared in the
May 1987 issue of MacWorld maga-
zine. The program has an impres-
sive graphical interface that does
not require programming experi-

ence, yet it’s also very powerful—
it’s able to control almost any
IEEE-488- or RS-232C-based
equipment.

In the future, please include the
Macintosh in your reports on micro-
computer-based software and hard-
ware.

John Bartleson
Spokane, WA

Design Idea author

swamped by EPROMs

In order to operate, the circuit in
the Design Idea “Talking meter
gives dc-voltage readings” (EDN,
August 6, 1987, pg 224) requires
some tedious programming of an
EPROM. The author, Ricardo Jime-
nez-G, had graciously offered to
send readers a photocopy of the data
program or to return a programmed
EPROM to anyone who sent him a
blank device.

Multibus'l & 68020:
A New Standard of Power

Heurikon introduces the most powerful 32-bit single
board microcomputer for Multibus I.

The HK68/M 120 features include:

Up to 25MHz Motorola 68020
Up to 4MB on-board DRAM
with parity - 256K EPROM
Optional 68851 PMMU - Full
SCSI interface - 16-bit iSBX™
connector - iLBX™ mem-
ory expansion bus © Two
serial ports - Optional
68881 floating point
coprocessor - Mailbox
interrupt support

UNIX™ and real-

time support.

R

\\\\\\\

HEWRIK®ON

\\\\\\\\\\\\\\\\\\

For more information, call 1-800-356-9602, Ext. 409

Heurikon Corporation, 3201 Latham Drive, Madison, W1 53713
CIRCLE NO 3




{ Do it magnetically. Or do it optically. Either way, Sprague, the pioneer in the
4 de\elopment of SMART SENSOR™ technolowv. makes sense. With built-in functions
‘ ~ 1 such as hysteresis and temperature compensation, integrated
circuits are better and more cost effective than discrete
components. Doing it magnetically, Sprague Hall Effect
sensors simplify switching by detecting motion, position or
change in the field slrenglh of an electromwmet or
pemmnem magnet. They use little energy and switch without bounce.
~ Applications include ignition systems, speed controls, computers, and brushless
; ~ dc motors. Doing it optically, Sprague optoelectronic sensors combine 1C
Iuhnoloﬂ\ with clear plastic pad\aﬂcs or top-looker hermetically-sealed metal cans. Applications include low-light
detection for optical encoders and couplers as well as twilight detection for street and emergency lighting. Start with
us. For our Sensor data package, write to Technical Literature Service, Sprague Electric ey,
Company, P.O. Box 9102, Mansfield, MA 02048-9102. For applications assistance call ;SpRnGUE
our Customer Service Center in Concord, NH at (603) 224-1961.

THE MARK OF RELIABILITY
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SIGNALS & NOISE

As of October 5, Mr Jimenez-G
has received more than 50 requests
and 25 blank EPROMs. What’s
more, his EPROM programmer has
broken down. Therefore, he is with-
drawing the programming offer but
will continue to send a photocopy of
the program to any interested read-
er who requests one. (Include a self-
addressed envelope with two $0.22
stamps.) His address is: Ricardo Ji-
menez-G, 96 Carmen Rivera Ave,
Mexicali, Baja California, 21280
Mexico.

Emulators available

EDN'’s July 23 report on 16- and
32-bit emulators (pg 252) failed to
mention our products. We offer em-
ulators for both the 8088 and the
8086. The Icebox includes 64k bytes
of overlay RAM and 65,536 full-
speed hardware breakpoints, and
sells for $1395. An optional hard-
ware performance analyzer is avail-

able. Our emulators come with a
money-back guarantee.

Tony Skiados

Director of Marketing

Softaid Inc

Columbia, MD

DoD-STD-2167
document generator
We read with interest the article
“CASE tool kits tailor DoD-STD-
2167 requirements for software doc-
umentation” (EDN, August 20, pg
81). We were dismayed to see that
ModaLogic’s Necessity tool set was
not included in the article.
Necessity is a true DoD-STD-
2167 tool set that produces accurate
DoD-STD-2167 documents in the
formats required by the appropriate
Data Item Descriptors (DID). The
Necessity tool set uses a menu for-
mat to solicit information from the
system analyst or designer. The
user needs to make only the minimal

number of keystrokes to create a
document. The output of Necessity
is a finished document ready for
review. Necessity is not an aid to
the DoD-STD-2167 effort; it is a
fully automated document gener-
ator.

By using the Necessity tool set,
we have been able to provide DoD-
STD-2167 documentation for com-
mercial and industrial projects that
don’t contractually require the
standard.

A J Horning
Chief Engineer
ModaLogic Inc
Richfield, OH

WRITE IN

Send you 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 re-
serve the right to edit letters for
space and clarity.

CY525 3rd generation
STEPPER MOTOR CONTROLLER

most intelligent controller offers
linear ramping, 10,000 steps/sec,
unlimited stepping, change

rate on the fly, read

position on the

fly, and
much

more.

VME Bus Gompatible
MIL-STD-1750A
Single Board Computers

Avaiiabi Now o
And Only TASCO Has Them!!

TASCO has complemented its unique line of MIL-STD-1750A
In-Circuit Emulators with a low cost line of off-the-shelf VME
bus compatible single board computers.

The line includes computers based on the

e MDC281 CPU TVME/1750AD SBC

e PACE1750A CPU TVME/1750ASP SBC
sl e F9450 CPU TVME/1750ASF SBC
40 pg.;, +5 volt Supporttools include TASCO's emulators, Hewlett-Packard’s
TTL, 8 bit I/O interface

to ucomputer. $195 ea ($80/100
Prototyping board available.

.J"\w’ -
Cybernetic Micro Systems "
P.O. Box 3000, San Gregorio, CA 94074

(415) 726-3000 Telex: 171-135 attn: Cybernetic

’ W HP 64000 and others.
NNy For additional information, please contact M. Blasberg.

TASCO

2121 WEST CRESCENT AVE.
ANAHEIM, CA 92801
(714) 635-0550

ELECTRONIC SERVICES INC.
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A LOT OF
PEOPLE
THINK WE
ONLY HANDLE
GIANT PROJECTS.

The entire state of New Jersey on a chip.




EVEN THOUGH

WE OFFER
100,000 GATES,

YOU DON'THAVETO
USE THEM ALL.




It's no wonder people expect big

So whether you need an array or cell-

things from LSI Logic. based product, you're covered.

We're the largest HCMOS ASIC If you change methodologies, you
company there is. don't have to re-design or change vendors.

But that doesn’t mean you have to be Or worse, change design tools. Simply,
the largest in your field USABLE GATES our design tools sup-
to come to us. 10K 20K 50K 100K port both.

You just need to be o i There’s something
doing ASIC. No matter ] Loh REe G else you won't get any-
if it’s a few hundred R where else. Our turn-
gates or acomplete sys- 154 around for prototypes.
tem on a chip. Or even : It’s only two to
a multi-ASIC system. bl three weeks for arrays

It’s plain and g and five to six weeks
simple, really: We - LA Moo Cntat for cell-based proto-
understand your ASIC ' types. All fully tested
might not need 100,000 LCATO0K Compacted and guaranteed to work
gates today. But it's P to your specifications.
good to know it’s here LSC15 Cell-Based If you need your
when you need it. H arrays even sooner, we

TO Slmphfy your LSI Logic’s family of products covers the entive ASIC spectrum. CAlL dehver fully teSted
ASIC design task, prototypes in just seven

we have the largest library available of
SSI and MSI building blocks. And more
than 400 industry-standard LSI and
VLSI building blocks for Channeled
and Channel-Free" Arrays, and Cell-
Based designs.

days. And when cost is an issue, we
have a whole range of cost-effective solu-
tions, too.

So don't worry about how big or
small your ASIC need is. We're the right
size for you.




WE HAVE
SEEN THE

ANDITIS
VERYTINY.




Saying our new Modular Design
Environment (MDE)"is the most ad-
vanced ASIC design software anywhere
isn’'t small talk.

Using MDE, we've already accurately
designed and simulated systems with
more than two million
gates of logic. And
that’s just for starters.

Our software easily

You can also effortlessly convert PALs
to arrays with our Logic Synthesizer.

Our System Integrator"module
has mixed-mode behavioral and gate-level
simulation capabilities. Use it to design
your entire system, including multiple
ASICs and standard
components.

All with surprising
ease and economy. So

migrates into the latest
technology. So your
design will always have
the highest perform-
ance and densities.

MDE is actually
comprised of three
modules.

The Logic Inte-
grator"1s an entry-
level module containing
the design and simu-
lation tools for building
single ASIC chip designs.

The Silicon Integrator" module
handles the design and simulation of com-
plex ASICs ranging from a few hundred
to 100,000 usable gates. Its Silicon
Compilers allow you to automatically
develop logic and memory. Your compiled
designs, of course, all have complete
simulation and test vectors.

MDESs interactive graphics deliver fast,
flawless design and simulation.

you can “electronic-
ally breadboard” your
complete system before
going to prototype.

d you can
design your ASICs
on more platforms than
anywhere else. Like
all the popular work-
station and mainframe
environments. Or
commercial CAE sys-
tems through our CAD
Connection Program. Or at one of our
24 Design Resource Centers—the world’s
largest ASIC support network.

MDE is also tightly coupled to our
worldwide manufacturing facilities.
Which is why LSI Logic delivers working
parts 100% of the time. Guaranteed.

And why you'll see your future a lot
sooner with us.



With more than 4,000 working
designs under our belt, one clear fact
emerges.

Our system works.

That’s true whether your needs call
for an entry-level gate array or cell-based
design. Or for the world’s most advanced
ASIC-based system.

Whatever direction your designs take,
you can always use the same proven
software: LSI Logic’s MDE.

MDE can be tailored to your specific
situation. Just select the appropriate
design modules.

We have all the performance you'll
need. Such as ECL-like speed in 1 or 1.5-
micron HCMOS technology with gate
delays of 460 picoseconds. And even
more coming Soon.

We also have more than 230 package
options with up to 299 pins. Including
a full range of plastic, ceramic pin grid
arrays and chip carriers.

Just as important as our high level
of technology is our high level of service.
Choose as much as you need. You can
design at your own workstation. Or at one
of our Design Resource Centers. Or we'll
do the entire design for you.

What'’s most important is that our
relationship with you works as well as
your device.

We see to it that it does. With an
iron-clad guarantee that states that
your device must operate precisely as
simulated.

That’s our system.

You can’t beat it.



WE HAVE
ASIC DOWN

TOA
STEM

Supercomputer on a board.




CALL

WITH EVEN

YOUR SMALLEST

PROBLEM.

Sure, we handle the biggest ASIC
projects. But you don’t need a big reason
to call LSI Logic.

It can be about designing a low
complexity part or buying a small quan-
tity of parts.

The important thing is that you call.
We're close by. So nothing ever gets lost in
transit or translation.

Our unique integrated approach
means we're the only ASIC company you
should ever need. And our worldwide
manufacturing facilities are dedicated to
ASIC.Which means you can quickly turn
your designs into working parts.

Contact your nearest LSI Logic
Design Resource Center or Sales Office.
It's a small step that will lead to much
bigger things.

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
Westport, CT 203-222-9336
Altamonte Springs, FL 305-339-2242
Boca Raton, FL 305-395-6200
Bethesda, MD 301-897-5800
Chicago, IL 312-773-0111
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
Beaverton, OR 503-644-6697
Trevose, PA 215-638-3010
Austin, TX 512-343-4513
Dallas, TX 214-788-2966
Bellevue, WA 206-822-4384
Calgary, Alta 403-262-9292
Edmonton, Alta 403-424-8845
Burnaby, BC 604-433-5705
Kanata, Ont 613-592-1263
Toronto, Ont 416-622-0403

Pointe Claire, Quebec 514-694-2417
Paris, France 33-1-46-21-25-25
Israel 972-3-403741

Milan, Italy 39-651575
Ibaragi-ken, Japan 81-298-52-8371
Tokyo, Japan 81-3-589-2711
Osaka, Japan 81-6-947-5281
Seoul, Korea 82-2-785-1693

Bracknell, United Kingdom
44-344-426544

Munich, West Germany
49-89-926903-0

Dusseldorf, West Germany
49-211-5961066

Stuttgart, West Germany
49-711-2262151

Distributors:

Hall-Mark

Hamilton/Avnet

Wyle

(1L .OGIC

THE ASIC SYSTEMS COMPANY

©1987 LSI LOGIC CORPORATION Compacted Array, Channel-Free, Micro Array, Micro bASIC, Compacted Array Plus, Modular Design Environment, MDE, Logic Integrator, Silicon
Integrator and System Integrator are trademarks of LSI Logic Corporation. PAL is a registered trademark of Monolithic Memories, Inc.
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Philips low profile IR sensors

for as little as

Now you can design big performance into a very
small space with the new Philips ceramic IR sensor
from Amperex ... and do it at a surprisingly low cost.

The most advanced motion sensor available today,
the Philips IR sensor is made of our own pyroelectric
ceramic material that provides a very high level of
sensitivity. It is extremely rugged and insensitive to
moisture. And its immunity to common mode signals
such as those generated by variations in ambient
temperature, background radiation and acoustic
noise virtually eliminates false operations.

The low profile and small footprint of this remark-
able new sensor enable you to create more compact

$8:50.92.75

Dimensions in mm

r@w

full rad

(Patent Pending)

equipment designs for remote switching applications
such as occupancy monitoring, intrusion alarm, light
switching, counting, level monitoring, speed indica-
tion and many other safety and security operations.

Whatever your application, when it calls for low cost
and big performance in a very small space, design it
around Philips/ Amperex.

For detailed information and a sample device, write
on your company letterhead to Amperex Electronic
Corporation, A North American Philips Company,
George Washington Highway, Smithfield, Rl 02917.
Phone (401) 232-0500. TWX: 710-381-8808. In Canada
contact Philips Electronics Ltd, ELCOMA Division.
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DIGITIZING

i

" 1GHz. The 11402
Digitizing Oscilloscope
features a full 1 GHz
bandwidth right on the
probe tip to help you

make the most demanding
voltage and timing
measurements.

|2 10-14 BIT VERTICAL/
10 ps HORIZONTAL
RESOLUTION. 10-bit
vertical resolution is
averageable to 14 bits.
Self-calibration decreases
error to less than 1% DC.

=~ AUTOMATIC MEA-
SUREMENTS. Up to six
measurements can be
made at the push of a but-
ton, with results simul-
taneously displayed and
continuously updated.
[+ PUSH-BUTTON
HARD COPY. Plugina
Tek or compatible Epson
dot matrix printer using
the scopes' standard
Centronics port.

B AUTOSET. Push a but-
ton on the front panel or on
the probe to automatically
set up the scope based on
the signal characteristics
of the selected trace.

B TOUCH SCREEN.
Select atrace, atrigger, a
measurement or other
function by touching the
appropriate area of the
screen or by selecting from
pop-up menus: the clos-
est, most natural link yet
between user and scope.

Tektronix introduces
the 11000 Series: the
new standard in digi-
tizing and analog
oscilloscopes.
These new fully pro-
grammable scopes
display more traces
(up to 8) at higher
bandwidths (up to 1
GHz), with greater
accuracy (up to 0.6%
vertical), and include
more new functions for
expediting the capture

and =
pro- processors,
cessing of data than long records, the

can ever be listed here.
Two new digitizing
scopes exert the power
of three
16-bit

most powerful trigger

ing and the highest

throughput ever. Use
their built-in

THENEW =

ERA IN DIGITIZING
AND ANALOG
OSCILLOSCOPES.

Copyright © 1987, Tektronix, Inc. All rights reserved. KEA-714A-1

basesto
easily acquire

pre- or post-trigger
details of a trace, and
view both the whole
trace and the details
on screen at once.

Two analog scopes
feature an integrated
500 MHz universal
counter/timer for
unequaled resolution,
accuracy, and scope
versatility— for the

D R R K S SNSRI



price of a
scope alone. A unique
counter view trace lets
you see exactly what
you are triggering on,
for a sense of confi-
dence no conventional
counter/timer can offer.

Perhaps most star-
tling is the simplifica-

tion and
automation of the
whole measurement
and analysis process.
Larger displays, pop-
up and touch-screen
menus, plus auto-
mated setup and mea-
surement capabilities
help unclutter the front
panel and keep eyes
focused on the display.
For the first time, users

need know nothing
about a scope’s tech-
nology to get the most
out of it.

The 11000 Series
continues the plug-in
versatility of the Tek
7000 Series. Five new

plug-ins and three new

probes tailor the new
scopes to a full range
of applications, from
design and debug to
production test. New
single-ended amplifier

EDN November 26, 1987
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ANALOG

/. MICROCHANNEL
PLATE. The single shot
trace brightness of the Tek
11302 is almost 1000 times
brighter than conventional
scopes—enough to
expose even the fastest
transients to view.

' 500 MHz INTE-
GRATED COUNTER/
TIMER. Use with dual
delayed sweeps for pre-
cise timing measurements
between selected points.
Unique counter view trace
lets you see exactly what
you are triggering on.
=/ CURSORS. Use to
make precise measure-
ments on any part of a dis-
played waveform.

m 1 mV/DIV SEN-
SITIVITY. Achievable from
four new plug-ins.

These amplifiers feature
fast overdrive recovery and
wide dynamic range.

m SELF-CALIBRATION.
Push the Enhanced
Accuracy button to cali-
brate the scope from
amplifier input to CRT grat-
icule, automatically, for the
best vertical accuracy
available in a scope today.

and differential ampli-
fier plug-ins combine
high bandwidth with
low noise and fast over-
drive recovery.
Demonstrations are
now in progress. For
more information or a
personal demonstra-
tion, get in touch
with your local Tek
sales engineer. Or
call Tektronix at
1-800-547-1512.

Tektronix

COMMITTED TO EXCELLENCE
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Motorola
announces

one of the
smallest
advances in

the history
of VME.




Motorola puts awesome multi-
processing performance on two
new single-board computers.
As computer applications get
more complex, OEMs are turning
more to multiprocessing designs.
To handle things like CAD/CAM,
robotics, signal processing, simula-
tion and large-scale data acqui-
sition, a single processor simply
cant keep up.

Adding several CPUs
to a system off-loads the
main processor, but
what happens to
the system bus?

It frequently reaches
saturation, slowing
down the entire system.

Motorola introduces a single
chip solution to this problem. The
VME Subsystem Bus, a fast, 32-bit
secondary bus, has been imple-
mented on a gate array at Motorola.

The end of the multiprocessor
traffic jams.

The VSB sub-bus removes
traffic from the VMEDbus, increas-
ing total system throughput. And by
saving space on the VSB—and other
components—Motorola has been
able to pack an impressive array
of multiprocessor functions onto
two standard VME boards: the
MVMEI35 and MVMEI36. These
highly integrated microcomputers
include all the functions usually
required for high-performance
multiprocessing. In addition to the
VSB, they feature the MC68020 with
floating-point coprocessor, both
running at either 16.67 or 200MHz.

For virtual memory environments,
a demand-paged memory manage-
ment unit can also be added. Plus
1 Megabyte of shared local dynamic
RAM is included—with optional
parity—designed to operate with
zero wait states.

Included in the 135/136 modules

are many special hardware features
that facilitate multiprocessing.
Things like MP control and status
registers. An expanded interrupt-
handling mechanism. And master/
slave control bit settings.

Hardware alone
is hardly enough.

Complete multiprocessing
hardware on a single board saves
you design time and system space.
But to get your application up and
running on a tight schedule, it takes
software and support tools too. Like
those available from Motorola.

If you're building a multi-user/
multi-tasking system, you can use
our version of AT&T’s UNIX® System
V Release 3, with Remote File Shar-
ing. For real-time tasks, there’s our

full-featured VERSAdos™ operating
system, as well as debugging firm-
ware with on-board diagnostics.
Then too, you have access to third-
party software such as OS-9;
MTOS;" PDOS;" pSOS;" RTUX"
and VRTX?

Add to that Motorola’s in-depth
technical support. We have more
experience in building reliable,
high-performance VME system com-
ponents than any other vendor.
Plus a specialized systems

and support staff avail-
able at over 100 field
offices worldwide.

To see how good

multiprocessors can come

in small packages, call

us toll-free today:

1-800-556-1234
Ext. 230 (in California,

1-800-441-2345 Ext. 230). Or write;
Motorola Microcomputer Division,
2900 South Diablo Way, Tempe,
AZ 85282.

MVME135/136 Highlights

Model
MVME135

Description

VMEbus 32-bit SBC; 16.67-MHz
MC68020 CPU; MC68881 FPU;
1Mb on-board DRAM; up to 512
Kb EPROM; two RS-232-C serial
ports; two 16-bit timers; master/
slave interface; MP control and
status registers; system controller

MVME135-1 Same as MVME135, but with
20-MHz MC68020 CPU

Same as MVME 135, but with
MC68851 PMMU

MVME136

0S-9 is a trademark of Microware Systems Corporation. MTOS
is a trademark of Industrial Programming Inc. PDOS is a trade-
mark of Eyring Research Institute, Inc. pSOS is a trademark of
Software Components Group. RTUX is a trademark of Emerge
SEStems, VRTX is a registered trademark of READY SYSTEMS.
VERSAdos is a registered trademark of Motorola, Inc. UNIX

is a registered trademark of AT&T.

MOTOROLA Microcomputer Division

Approaching our technology from your point of view.

EDN November 26, 1987
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Electrocube

ALUMINUM FOIL
TRANSFORMERS |

. . . More Power

Per Pound

If you’re looking for a single or multiphase isolation or auto-
transformer with reduced size and weight, higher ambient
temperature operating capability, as well as improved thermal
and electrical efficiency and better regulation. .. our series of
Aluminum Foil Transformers could be the answer. Units are
available in 25 Hz to 10 KHz or higher frequencies, rated from 25 VA
to 50 KVA in sealed or open frame versions, for operation from
-50°C to +200°C ambient. Get complete information today on this
advanced line of transformers. Write or call Electrocube Inc, 1710
So. Del Mar Ave,, San Gabriel, CA 91776; (818) 573-3300.

CIRCLE NO 6

OTTO.

Sealed Switches

Dry Desert to Wet World

Survival! That's what you can expect
from OTTO precision snap-action
pushbutton switches. Sealed to sur-
vive the rigors of industrial, commer-
cial and military applications, these
switches are available in momentary
and alternate (push-on, push-off)

action, miniature and subminiature
sizes, choice of front panel appear-
ance and button colors.

Sealed against dirt and water. Electrical
ratings from computer level to 10 Am-
peres. Contact resistance <.025 ohms.

OT1TO

CONTROLS Division, 0TTO ENGINEERING, INC.
2 East Main Street ® Carpentersville, lllinois 60110 ® Phone: 312/428-7171 * FAX 312/428-1956 ® TELEX: 72-2426
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CIRCLE NO 7

CALENDAR

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Oklahoma City, OK. Micro
Systems Institute, 73 Institute Rd,
Garnett, KS 66032. (800) 247-5239;
in KS, (913) 898-4695. December 1
to 4.

IEEE International Electron De-
vice Meeting (IEDM), Washington,
DC. Courtesy Associates, 655 15th
St NW, Suite 300, Washington, DC
20005. (202) 347-5900. December 6
to 9.

Lasers 87, Lake Tahoe, NV. Socie-
ty for Optical and Quantum Elec