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Our MACGEN silicon com-

piler developed the world’s
fastest 16-bit multiplier
accumulator.

Structured Arrays combine
high-density memories with
up to 41,000 logic gates.

High Performance cell-based
1750 CPU combines logic,
ROM and processors.
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Channel-free Compacted
Arrays combine logic and
memory functions with up to
129,000 available (up to

70,000 utilized) gates.




If your system design looks
good on a board, think how 1m-
pressive it’s going to look on a
single chip.

Which is precisely where our
1.5-micron ASIC technology will
put it.

Now every design 1s down-
sized, whether you're working
with our Standard and Structured
Cells, or Structured Arrays
and channel-free Compacted
Arrays. Or our silicon-compiled
16-bit and 32-bit MAC chips.

All of them let you design a
more powerful system with fewer
components and fewer bugs. A
system with more functions, in
less space.

But it’s not just our 1.5-micron
CMOS technology that makes
your designs more efficient.

It’s also our ASIC design
tools that let you create any
cell or array solution with the
same proprietary software
methodology.

Use our LDS"core software
with any one of our fifteen add-on
modules. Like the advanced
behavioral or multi-chip simula-
tor, chip floorplanning or logic
simulation accelerator.

And you’re guaranteed
working parts whether you de-
sign on your own mainframe, mini
or engineering workstation. Or
at any of our 30 ASIC design
centers—the largest network in
the world.

We've shortened prototype
delivery time, too. A mere five to
six weeks for Structured Cells,
three for Compacted Arrays and
Structured Arrays, and as little
as ten days for Gate Arrays.

Call your nearest LSI Logic
design center, or send us your
system design problem. We'll
show you just how quickly you
can jump into higher integration.

Without going overboard.

1L .OGIC

LSI Logic Sales Offices and Design Centers: 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 612-835-6161, Poughkeepsie, NY 914-454-6593, Raleigh,
NC 919-783-8833, 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, Kanata, Ont 613-592-1263, Toronto, Ont 416-622-0403, Paris, France 33-1-46-21-25-25, Israel 972-3-403741, Ibaragi-ken, Japan
81-298-52-8371, Tokyo, Japan 81-3-589-2711, Osaka, Japan 81-6-947-5281, Sweden, 46-8-520720, United Kingdom, 44-344-426544, Munich, West Germany
49-89-926903-0, Diisseldorf, West Germany 49-211-5961066, Stuttgart, West Germany 49-711-2262151. Distributors: Hall-Mark; Hamilton/Avnet; Schweber; Wyle.
MACGEN, Structured Cell, Compacted Array and Structured Array are trademarks and LDS is a registered trademark of LSI Logic Corporation.
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Different Shielding Problems
Demand Different Coating Solutions.
Only Acheson Offers Them All.

SILVER

+ Highest attenuation
>80 db

+ Less than half
the cost of
“conventional”
silver coatings

« Thin film build

+ Stable electrical
properties

COPPER

+ Stable electrical
properties

NICKEL

- Stable electrical
properties

* Low cost

+ Medium - High
attenuation
65-75 db

- Easy to mix

* Low cost

* Medium attenuation
50-70 db

G

RAPHITE

Stable electrical
properties

- Lowest cost

+ Low attenuation

30-40 db

EMI/RFI INTERFERENCE

Selecting a conductive
coating that performs well
and offers a cost-effective
solution to your particular
EMI problem is easy when
you deal with Acheson, the
leader in EMI technology!
We offer a “complete line”
of Electrodag® conductive
coatings — silver, copper,
nickel, graphite — because
different shielding problems
demand different coating
solutions.

Electrodag conductive
coatings are uniquely
formulated to help even
your most sensitive

electronic equipment
function properly,
regardless of environment.
Each can be simply spray
applied using conventional
methods, and all air dry. In
addition, Electrodag
conductive coatings allow
your system to meet or
surpass today'’s stringent
FCC and VDE requirements,
and most are UL
réecognized.

Electrodag conductive
coatings assure you of
quality protection at a
competitive price. Our
seasoned support staff will

gladly work with you in
solving your specific EMI
problem. For additional
details on our line of “EMI
Eliminators” and/or
technical assistance, call or
write today.
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% Acheson

Acheson Colloids Company
P.O. Box 288, Port Huron, MI 48060
TOLL FREE 1-800-255-1908

In Canada:
P.O. Box 665, Brantford, Ontario N3T 5P9
(519) 752-5461

Also in: United Kingdom, Netherlands, Belgium, West Germany, France, Italy, Spain, Australia, Japan, Brazil



WHAT'S NEW
IN 6GHz LINEAR?

THE VA703/713:
FAST, VERSATILE
BUILDING BLOCKS
FOR YOUR ANALOG
SYSTEM.

Introducing the VA703/VA713
High-Speed Operational Transcon-
ductance Amplifiers . . . the latest
addition to our broad line of high-
performance Linear Signal
Processing (LSP) integrated circuits.

VTC’s LSP line gives you a whole
range of analog solutions, for:

(J Signal conditioning

[ Data acquisition/conversion
(J Signal transmission

(] And special functions

The line includes a complete
selection of Op Amps to 500MHz
bandwidth . . . precision, high-speed,
and fast settling, plus dual or quad.

A/D Converters to 12 bits.

Flash Converters to 8 bits,
250MHz.

DACs to 12 bits.

A family of ECL and TTL High-
Speed Comparators.

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

And Operational Transconductance
Amplifiers like the new VA703 and
VA713, whicn feature a broad loop
bandwidth of 75MHz, and a high slew
rate of 50V/usec.

VTC Incorporated

If your analog application requires
high speed, high slew rate, low off-
sets, large power bandwidth,
high output drive capa-
bility, fast conver-
sion rates,
and/or higher
packaging
density . . . then
you should be
specifying VIC's
high-performance
LSP ICs in your sys-
tem!

What's more, these
parts are specified with
+ 5V operation to help
simplify your system
power requirements, and
reduce power consumption.

They're available in com-
mercial or military temp
ranges . . . in cerdip, PDIP,
SOIC, LCC, PLCC, or metal can
packages, and in die form.

Get up to speed with the latest
in high-performance linear. Call us
toll-free today, or write for data sheets
and samples: VTC Incorporated, 2401
East 86th Street, Bloomington, MN
55420. (In Minnesota: 612/851-5200.)

CALL 1-800-VTC-VLSI

-~
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WAVETEK:

Just another
engineering

milestone.

There was a time when
engineers spent much of
their time calculating,
measuring, and writing down
the results.

Remember logarithm
tables? Maybe not.

Well now you can forget
about conventional data
loggers and multimeters too.

ecause Wavetek has
created a new tool that takes
their place—a tool that will
soon take its place on every
engineer’s bench.

It's called the Data
Multimeter.

As you might expect, it
measures voltage, current,
and resistance. But it also
measures temperatures,
volt-amps, dB, frequencies,
periods, pulse widths, and
circuit continuity.

And it takes all these
readings not on just one
channel, but four—simul-
taneously. Add multiplexer
options and you can scan
more than 200 channels,
then store as many as
72,000 readings in an
internal memory.

You'll also have a digital
display of all four

WAVETE K Da

Power | —

Circle 71 for literature

ta Multimeter modal

Mods |

channels—with bar
grjaﬁhs if you
wish.

There is a built-
in computer that
provides alarms, lookup
tables, slope and offset
calculations, aver-
aging, and channel
comparison.

You can add digital
I/0, analog control outputs,
and GPIB—or use the
standard RS-232 communi-
cations interface.

All of this in a portable
package that can operate
off line current, or
replaceable or recharge-
able batteries. Prices
start at under $3,000*

For details about this
engineering milestone,
call or write Wavetek
San Diego, Inc., 9045
Balboa Ave., PO. Box
85265, San Diego,

CA 92138.
Tel. (619] 278-2200;
TWX 910-335-2007.

*U.S. price only.
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THIS PC/XT-COMPATIBLE INDUSTRIAL COMPUTER

17179170
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-

PRX Domonstration Systom
(C) 1996 Raker 8 Rabinowits, Inc
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MAY HAVE ONE FAILING...EVERY 7 YEARS.

That’s the Pro-Log System 2 Mean
Time Between Failures (MTBF) at
55°C. When you need reliability, that’s
it. An industrial computer that works
and keeps on working for the life of
your application. And it’s covered by a
5-year limited warranty.

A HUGE SOFTWARE POOL

System 2 comes with Microsoft’s MS-
DOS 3.2 operating system and runs
Lotus 1-2-3 and Flight Simulator. So
it’s PC/XT-compatible, right down to
the chip level. Which is important for
running industrial software, where real
time response is needed.

Data acquisition, process monitoring
and control, and multitasking software,
plus a wide selection of editors,
debuggers, and high-level languages
are available. Many of them from
Pro-Log.

HARD-WEARING HARDWARE

System 2 is based on the industry-
standard STD BUS. So a wealth of
industrial quality add-on products is
available from over 100 STD BUS
manufacturers.

Circle 58 for literature request only

PLUS ROOM TO EXPAND

You expand System 2 by simply plug-
ging in additional STD BUS cards. Up
to 23 expansion slots are available and
many options, such as 640K bytes of
memory, EGA/Keyboard interface,
and printer interface, can be factory
installed.

Grew up in the school of hard

knocks. Secured on 4 sides,
System 2 withstands 10gs of

No fan or heat sink needed,
could be battery powered.
Consumes as little as 1.25

shock watts

If it fails, down-time is
minimized. All boards can be
replaced in under 5 minutes

Works in places you wouldn't.
0° to 65°C operating
temperature range

Can be isolated from dirt,
moisture, and corrosion. Can
be totally sealed in rack or
NEMA Enclosures

Circle 19 for direct factory response

A DISK DRIVE FOR
EVERY APPLICATION

System 2 can be configured with IBM-
compatible 3%-inch or 5%-inch floppy
disk drives and a 20M-byte hard disk.*
For minimum power, maximum relia-
bility and temperature range, select
semiconductor (ROM and RAM) disk
drives.

Take care of your next 7 years
TODAY. Call toll-free (800) 538-9570
or write Pro-Log Corporation 2560
Garden Road, Monterey, CA 93940

*Thermal and mechanical specifications are reduced by the
use of mechanical disk drives.

MS-DOS 3.2 and Flight Simulator are registered trademarks
of Microsoft Corp. Lotus 1-2-3 is a registered trademark of
Lotus Development Corp. IBM is a registered trademark of
International Business Machines Corp.

[ |PRO-LOG'

CORPORATION
USA TLX: 171879, Australia (02) 419-2088; Canada (416) 625-
7752; England (0252) 851085; France (1) 3956-8143; Germany
(07131) 50030; Italy (2) 498-8031; Switzerland (01) 624 444
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On the cover: Analog CAE systems are
now amony the tools you can select to
speed your linear designs. But you’ll
need to develop the skill to know when to
use the CAE systems and when to rely
on the traditional benchtop instruments.
See py 138. (Photo courtesy Analogy
Design Tools)
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DESIGN FEATURES
Special Report: Board-level analog CAE 138

Analog CAE packages are steadily improving. Selecting one isn’t
casy, however. What’s more, you might find it difficult to decide
when the use of such systems is appropriate.—David Shear,

Regional Editor

JFET-input amps are unrivaled 161
for speed and accuracy

JEET-input amplifiers provide an economical means of achieving
high accuracy in applications that need wide bandwidths for large
signals. They are ideal for pulse amplifiers, fast D/A converters, peak
detectors, and logarithmic amplifiers.—Peter Henry, Precision
Monolithics Inc

Simple circuits provide accurate 175
ac testing of op amps
Op amps’ dc characteristics are usually well controlled by vendor

testing, but the parts® ac performance rarely is. You can use familiar
test equipment and some simple test circuits to test op amps’ ac
characteristics.—Barry Harvey, Elantec

Low-cost circuits maintain 193
quality of multiplexed video signals

Because video signals often pass through many black boxes and
levels of interconnection, you must design your video switching
circuitry to accommodate the attendant cumulative signal degradation.
—Greg Schaffer, Maxim Integrated Products

Proper testing can maximize 207
performance 1n power MOSFETs

MOSFETS are a viable option when it comes to satisfying the
needs of today’s power electronics systems. Some problems do occur
in certain applications, however, and you must address these prob-
lems by realistically testing the transistor to ensure successful system
performance.—Kim Gauen and Warren Schultz, Motorola Inc

Designer’s Guide to Codecs—Part 2 227
A codec—or coder/decoder—performs the analog-to-digital (encoding)
and the digital-to-analog (decoding) conversion of the human voice.
Part 1 of this 2-part series provided an overview of a codec’s struc-
ture and function and described codecs’ standard features. This article
covers advanced codec features such as software control of operating
modes, and it discusses noise considerations.—Brady Barnes, Inter-Tél

Continued on page 7
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Good
Gold

T':le 7|:l Series M:Iti?:ler?‘: L
. ; the shining standard by which others
H @mﬂ OO@ ' v w arg meaSl?red. A

These multimeters are produced through
advanced technology that assures you a
wealth of product features. Giving you solid
77 MULTIMETER value for your money.

Security of a 3-year warranty.

A 3-year warranty reduces your cost of
ownership. So you don’t have to pay the price
over and over for lesser-quality multimeters.
More features for your money.

Choose from either the basic 73 or the
feature-rich 75 and 77. You'll find the features
you need at the price you can afford. Touch
Hold™ for capturing and holding readings.
-. ] Audible tones to signal you for continuity.
300mV = : : Autoranging for simple operation. And a

i sleep mode for extending battery life up to
2000 hours.
Made in the U.S.A.

Like other Fluke products these multi-
meters offer you uncompromised quality
at competitive prices. So get your hands on
a 70 Series Multimeter at leading electronics
distributors nationwide. Or, call toll free
1-800-227-3800, ext. 229 for a free
brochure.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 73, 75, 77

$79, $109, $145 3-year warranty

0.7%, 0.5%, and 0.3% basic dc accuracy __Audible continuity (75 & 77)
Analog/digital display Range hold (75 & 77)

Volts, ohms, 10A, diode fest Multipurpose holster (77)
Autorange Touch Hold function (77)

2000+ hour battery life

FLUIKE

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fiuke Mfg. Co., Inc., PO. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100 ®
EUROPEAN HEADQUARTERS: Fluke (Holland) BV., P.O. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846.
© Copyright 1987 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4717-70
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Manufacturers of analog switches
and multiplexers are reducing their
products’ on-resistances and internal
capacitances, extending thetr band-
widths, and improving their breakdown-
voltage tolerances (pg 65).

TECHNOLOGY UPDATE

Improved analog switches and multiplexers 65
bring benefits to old and new applications

Process improvements, particularly in the integration of CMOS
logic and double-diffused MOS (DMOS) analog switches onto a
single chip, have resulted in analog switches and multiplexers that of-
fer lower on-resistance, reduced leakage currents, faster switching,
and reduced power consumption compared with their
predecessors.—Peter Harold, European Editor

The mature, yet evolving, technology 81
of delay lines suits modern requirements

Delay lines, although available since the 1960s, aren’t much dif-
ferent from the early versions: Most are manually assembled, hybrid
components. But their technology has evolved and matured, casily
matching increases in circuit operating speed.—Tarlton Fleming,
Associate Editor

Surface-mount technology forces engineers 93
to follow testability guidelines

Because surface-mount-technology pc boards are so much harder
to test than boards manufactured with other, less-dense technologies,
design engineers will at long last have to follow the test-engineering
community’s guidelines for designing testability into boards.—Charles
H Small, Associate Editor

PRODUCT UPDATE

High-speed flash A/D converter 11
Analog-circuit-simulation program 113
16-MHz support peripherals for 80386 P 114
Repeaters for multiplexers 17
VME Bus disk controller 120
DESIGN IDEAS

Decode overlapped EPROM, RAM, and 1/0 241
Clamping amplifier simplifies measurement 242
Circuit deletes power-line cycles 246
Nonlinear load extends PLL frequency range 250
Model pnp-substrate capacitance correctly 252

Continued on page 9
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Now get automatic answers
easily, economically, with
immediate hard copy out-
put. The 100 MHz Tek 2230
or 60 MHz 2220 are high-
performance, high-value
digital storage oscilloscopes.
Equip either with an optional
GPIB or RS-232-C interface
and digitized data can be
ported to your PC, sent over
phone lines, or directed to
your printer or plotter for
hard copies.

With either option the
2230 includes battery-
backed memory that pro-
vides 26K of keep-alive
CMQOS memory—for storing
up to 26 waveform sets.

Expect the most for your
money—and get it—with
Tek. You can capture events
as narrow as 100 ns at any
sweep speed thanks to our
proprietary peak detect
mode. Trigger on complex
waveforms using variable

Features

Analog/Digital Storage BW
Max. Sambling Speed
Record Length

Save Reference Memory

Vertical Resolution

CRT Readout
Cursor Measurements
GPIB/RS-232-C Options

Battery-Backed Memory
(save 26 waveform sets)

2230 2220
100 MHz 60 MHz
20 MS/s 20 MS/s
4K/1K (selectable) 4K
One, 4K One, 4K
Three, 1K
8 bits 8 bits
10 bits (AVG mode)
12 bits (AVG mode over bus)
Yes No
Yes (storage mode) No
Yes ($850) Yes ($550)
Yes (inc. with 2230 No
communications options)
$5150 $4150

Price

sweep holdoff. View events
occurring prior to or after a
trigger event with pre/post
trigger. Eliminate noise with
built-in signal averaging.
Store acquired waveforms

as either 1K or 4K records.
And simply push a button
for real-time display analysis
— the 2230 and 2220 dou-
ble as conventional analog
SCOpes.

CIRCLE NO 73

Copyright © 1986, Tektronix, Inc. All rights reserved. TXA-6948B

You can increase vertical
resolution—via the bus—
from 8 to 12 bits with signal
averaging. And Tek software
is available to help you get
the most from your systems
configurations.

Call Tek direct for a free
diskette demo. Or to place
an order! Technical person-
nel will answer your ques-
tions, take an order and
expedite delivery. Orders
include complete documen-
tation, operating manuals,
worldwide service back-up
and Tek's 3-year warranty
that even covers the CRT.

Call Tek direct:
1-800-433-2323 for free

diskette or video tape
1-800-426-2200

for orders and/or
technical advice

In Oregon, call collect:
1-627-9000

Tektronix

COMMITTED TO EXCELLENCE
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Only Mentor Graphics
maps symbols to silicon.

The bigger the IC design, the bigger the
problem: you're trying to locate a discrepancy
between the schematic and your IC layout, but
all you have is an ASCII error report. It's like
driving all over a strange city to find an
address — without a map.

That's why Mentor Graphics created
REMEDI,;™ a graphical interface that helps
debug complex layouts. REMEDI works with
Dracula 11, taking the leading layout verification
package’s layout-versus-schematic checks a step
further. LVS errors detected with Dracula II can
be quickly pinpointed on both the layout and

schematic using REMEDI's interactive graphical
correlation capabilities.

And, because REMEDI is part of
ChipGraph,™ the powerful Mentor Graphics full
custom IC layout editor, as soon as you find an
error you can fix it. There’s no need to move
back and forth between the layout editor and
the debugging tool to correct the design database.

Today’s complex VLSI designs demand a
layout tool that lets you create and navigate
efficiently through a maze of mask data. So
ChipGraph provides flexible geometry editing
and fast cell-based layout tools. Beyond this,

EDN May 14




Structured Chip Design (SCD), a hierarchical
approach to physical layout, removes much of
the unnecessary and confusing mask data, while
retaining correct fun(tl()mllt\ and interfaces.

With SCD, you can work with a simplified
representation of the cell when making higher
level decisions. And you can easily move
between SCD and more familiar tools, with no
loss of productivity. The result? The tightest
possible layout, created quickly and accurately.

ChipGraph also lets you partition a large
design over any number of workstations while
maintaining version control, through a network-
wide shared database.

And there’s no need to worry about
losing old data when switching to a new tool.
ChipGraph offers full data compatibility with
your existing design files.

Best of all, ChipGraph is not just an idea —
it's a working reality. Designers are already
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using ChipGraph to lay out 32-bit micro-
processors and multi-megabit RAMS.

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).

GMSRIDI‘

11







Everything doesn't
need to be your fault.

Designing a new system
has enough risks. Why pass up
an off-the-shelf sure thing like
AMD’s complete Ethernet
chip set?

We designed the Am7990
Lance, Am7992B SIA, and the
AMT7996 Transceiver to work
with one another. And what
happened? They work with
one another.

AMD can offer you some-
thing no one else can offer.
Absolute confidence.

Our chip set has been
around since the beginning of
Ethernet. It's been proven by
years of successful networking
in systems. That means you
won' be designing it in, then
covering your tracks when it
doesn't work. (And if you work
with Cheapernet, you're still
safe, because our chip set
does, too.)

Look at it this way:

You're going to get blamed
for a few things in life that are
absolutely not your fault. Why
not choose the AMD Ethernet

e s L S R AR e T L S B T chip set and pick up some
et B S SN AT ‘ SR AT S . easy praise?

Advanced
Micro Devices ¢

901 Thompson Place, PO. Box 3453,
Sunnyvale, CA 94088

CIRCLE NO 74

© Advanced Micro Devices, Inc. 1987
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Data shouldn’t take 30 minutes
to travel two and a half feet.

——--Virtual Link ~——7 ]

er a SCSI bus gives you a

1 advantage. Your information
ving up to 30 times faster
re used to, creating a

ink between your host and

TAPE DISK
DRIVE DRIVE

_ Instead of killing time, you
bl be killing bugs. Becatise G TheER
A\pplied Microsystems now offers a
speed emulator interface to
e debug sessions bogged down
data throughput. It’ the industry Eﬁ%ﬂﬁg&q EB%[SJ]E;S\’?%R
ard architecture called SCSL
that can squeeze five-
transfers into 10 seconds. 4}
ing and transferring
speeds up to 1.5 Mbytes per SCSLBES

SCSI communications establishes
a virtual link between your host
and target system.

t system.

That advantage becomes even
more important when you're work-
ing with big blocks of code as you
would on a 68020 or 80286 design.

true interactive debugging becomes
possible for the first time.

SCSI unites real-time emulation
with source level debugging.

HOSTS OPERATING TARGETS LANGUAGES TOOLS
SYSTEMS Thanks to SCSI’s tre-
/ VMS 8051 C Assemblers
MicroVAX ULTRIX gggg f;'(';;'; Pascal Linkers mer_ldous Speed’ the events
e INK  sosess . FORTRAN  Leates | Of high performance emula-
| workstations  XENIX 80186/188 PL/M Compil :
o MEDOE  IBIZEE Akl Sym:ol:s tion are transported to your
il iR oes | host as they happen. Trace
Botets 6809/9E, debuggers 1 1
workstions o ik dmagers | jnformation appears on
PCXT ;“8‘(’] “;0133‘;80/4 your computer in seconds,
| Compatibles and Z8001/2/3 not minutes. And through
. NSC-800 ¥ :
A stand-alone or host-control system of fully integrated debug tools VALID ATE you Can imme-
built on high performance emulation. dlately debug in your
- With SCSI, your development source level language.
environment takes on the dimen- SCSI supports up to eight

devices to achieve various multi-
user or multi-instrument configu-
rations. Combined with the full
real-time capabilities of Applied
Microsystems in-circuit emulation,
now you can easily assemble a
development system that’s phe-
nomenally fast and functional.

CIRCLE NO 75

- sion of immediacy. You have control
~and visibility without waiting. And
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Call for the facts that speak
for themselves.

Find out why Applied
Microsystems emulation with SCSI
is the most painless way to begin a
design project and finish it on
schedule. For full details, call
1-800-426-3925 toll-free and ask
for Telemarketing. In Washington
state call (206) 882-2000. Or write
to Applied Microsystems, PO. Box
97002, Redmond, WA 98073-9702.

In Europe contact Applied Microsystems Corpora-
tion 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
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Are your suppliers
giving you less attention
than you deserve?
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You can never get too much
attention.

At least that’s how Monolithic
Memories sees things.

So when you come to us for your
system components, you get much

more than parts. You get a partnership.

Which includes all the service and
support you'll need throughout your
design process.

First, there’s our network of Field
Applications Engineers, 50 or so of the

most highly evolved minds in the field.

They’ll give you all the hands-on
help it takes to get the most out of

our circuits. Like applications support.

Design problem troubleshooting.
Even test program debugging.

Then there’s our Applications Hot-
line, staffed by engineers who really
know their way around our PAL),
PROM and advanced logic ICs, as
well as our new Logic Cell "Arrays
(LCA). If they can’t solve your design
problems, they’ll direct you to the
people who can.

You get more up-to-the-minute
support, too. From our updated
PALASM" software. Our new LCA
XACT" software. Our on-going series
of PAL device seminars. And, most
importantly, our commitment to
maintain our record of hitting over
98% of promised first ship dates.

We give our distributors close
attention, too. Which means they can
do the same for you. Whether you
need prototypes, programming ser-
vices or inventory management.

So instead of getting ignored after
getting your components, talk to us.

Monolithic Memories, 2175 Mission
College Blvd., Santa Clara, CA 95054.
(800) 247-6527.

We'll give you all the support you
need. Without any monkey business.

Logic Cell and XACT are trademarks of Xilinx, Inc. PAL and PALASM are
registered trademarks of Monolithic Memories, Inc.
© 1987, Monolithic Memories, Inc.

Monolithic
Memories

EDN May 14, 1987 CIRCLE NO 76
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According to our customers, it was more like
an elopement.

You see, although our merger “shocked the
design automation world;” as the press put it, it
was only natural for our customers to join
together what they believe to be the best CAE tools
with the best CAD tools. In fact, many of our
major customers have been integratingValid
systems with Telesis systems for years.

- So, technically speaking, the marriage
is working. We just made it more formal.

The results are promising, indeed.

It's a new generation of EDA. And in a

very short time, we'll grow to become the first

and only legitimate, front-to-back, CAE/CAD

solution for system design running in theVYMS™

or UNIX™environment.

For the first time, systems designers can take

their designs from concept through layout faster

- and easier than ever before. With CAE,/CAD

hardware, software, service and support all com-

ing from one vendor.

Find out what our merger means to you now;,
and in the future. For a free brochure, call 1-800-
821-9441. In California, call 408 /432-9400, Ext.
311. On second thought, maybe it was a marriage
made in heaven.

\ALID
ALl

Blesis

VMS is a registered trademark of Digital Equipment Corporation
UNIX is a registered trademark of AT&T Bell Laboratories.
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smMARTMORK Keeps
Getting Smarter

Smarter Artwork

Three years ago, Wintek engi-
neers created smARTWORK to
reduce the fime and tedium of
laying out their own printed-circuit
boards. Thousands of engineers
have since discovered the ease of
use and sophistication that makes
smMARTWORK the most popular
PCB CAD software available. And
thanks fo them, smARTWORK keeps
getting better.

smMARTWORK transforms
your IBM PC into a PCB CAD system

Interactive routing, continual
design-rule checking, pad shav-
ing. and production-quality 2X
artwork have always been a part
of smARTWORK. And now that
many customer suggestions have
become a part of the software,
smARTWORK is an even better
value. That's why we
offer it with a thirty- W
day money-back
no-nonsense
guarantee.

Using an Epson or IBM dot-matrix
printer, you can create 2X artwork and
1X or 2X checkplots in a fraction of the
time hand-taping requires

New smARTWORK Features

[ Silkscreen layer for component
placement and identification

O Text capabilities for all three
layers
O Selectable trace widths and
pad shapes and sizes
O User-definable library
O Ground planes created with a
single command
O Solder-mask and padmaster
plots generated automatically
O Quick printer 2X checkplots
O Additional drivers for printers
and plotters
O Optional drill-tape and
Gerber photoplotter utilities
O AutoCAD® .DXF file output
O Completely updated
manual

0 800 number for free
technical assistance

2" by 4" section of a 10” by 16” double-

sided board with silkscreen layer

Current Versions

HIWIRE
SMARTWORK

VA1.0r2
VA.2r7

CIRCLE NO 78

Camera-ready
2X artwork from an HI or HP pen plotter

The Smart Buy. Guaranteed.

Still priced at $895, smARTWORK
is proven, convenient, and fast.
Our money-back guarantee lets
you fry smARTWORK for 30 days
at absolutely no risk. Call toll free
(800) 742-6809 today and put
sMARTWORK to work for you
tomorrow. That's smart work.

System Requirements

O IBM PC, PC XT, or PC AT with 384K
RAM, and DOS V2.0 or later

O IBM Color/Graphics Adapter with
RGB color or B&W monitor

[0 IBM Graphics Printer or Epson
FX/MX/RX-series prinfer, and/or

O Houston Instrument DMP-40, 41, 42,
51, 52, or Hewlett-Packard 7470,
7475, 7550, 7580, 7585, 7586 pen
plotter

O Optional Microsoft Mouse

Wintek Corporation

1801 South St.

Lafayette, IN 47904

Telephone: (800) 742-6809

In Indiana: (317) 742-8428
Telex: 70-9079 WINTEK CORP UD

R A= WA |

“sMARTWORK", “Wintek”. and the Wintek logo are registered frademarks of
Wintek Corporation. "AutoCAD" is a registered tfrademark of Autodesk, Inc.

®
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NEWS BREAKS

EDITED BY JOAN MORROW

FUNCTIONAL LOGIC TESTERS TEST OVER -55 TO +177°C

A line of parallel functional testers for engineering, quality-assurance, and reli-
ability applications will be shown by Aehr Test Systems (Menlo Park, CA) at
Semicon/West 87 next week. (The show will be held in San Mateo, CA, on the 18th to
the 21st.) The MBT-208 Series includes four burn-in/test systems designed for testing
memory and logic devices over —55 to +177°C. Device capacity varies with IC package
size and required test speeds. Typically, you can test as many as 3000 dynamic RAMs
at one time.

The four models differ in their pattern-generation capabilities. The MBT-208 with the
VSP pattern generator is optimized for logic quality/reliability applications. The other
three pattern generators are optimized for memory quality/reliability or memory func-
tional characterization applications.

Prices for the MBT-208 range from $198,000 to $300,000 depending on the pattern
generator. (Production testers with higher throughput rates cost more than $500,000.)
Models are complete turnkey systems that include host programmer/controller, soft-
ware license, and operator training.—Chris Everett

SUB-$550 40M-BYTE DRIVE INCLUDES SCSI IN 3'%-IN. PACKAGE

The Spartan LT4000 Winchester drive from Lapine Technology (Milpitas, CA, (408)
262-7077) serves the new generation of small computers that need 40M bytes of
storage. The drive, which costs less than $550 (1000), includes an embedded SCSI
(Small Computer System Interface) controller in the 3%-in. package. Although the
drive employs a stepper motor to drive the actuator, it performs average seeks in less
than 35 msec. Worst-case seeks finish in less than 80 msec. The drive dissipates 15W
from 5 and 1RV supplies.—Maury Wright

THREE AUTOROUTERS ACCELERATE PC-BOARD LAYOUT

Three CAD vendors are introducing autorouters for their pc-board layout systems.
Each of the autorouters attempts to connect components on a layout without adding
unnecessary vias and signal layers.

Racal-Redac (Westford, MA) hasn’t changed its $24,000 Visula autorouter, but it has
increased the operating speed of the software. The company has ported the autorouter
to a superminicomputer developed by MIPS Computer Systems (Sunnyvale, CA). The
Mipper superminicomputer specs an operating speed of 8 MIPS, which enables the
router to run six times faster than it does on an Apollo DN3000 workstation. It
includes a 337M-byte hard-disk drive, a streaming-tape drive, and 8M bytes of RAM
and costs $79,950.

At the lower end of the price spectrum, Accel Technologies (San Diego, CA) is bring-
ing out a $495 autorouter that runs on IBM PCs. The Tango-Route autorouter inter-
faces to the company’s $495 pc-board layout system. Features of the autorouter
include 90° and 45° routing, a maximum board size of 32x19 in., and as many as
four layers.

The third autorouter combines IBM PC compatibility and a hardware accelerator. To
use Bishop Graphics’ (Westlake Village, CA) Pathfinder pc-board layout program, you
run Autodesk’s (Sausalito, CA) AutoCAD drafting package on an IBM PC and add a
plug-in card for autorouting. The autorouter card is available in two configurations—
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the standard version contains an 8-MHz, 8-bit uP; the second model uses a 85-MHz,
32-bit uP. The 25-MHz autorouter runs seven times faster than the 8-MHz card. The
fast model costs $5990; the standard version costs $2995.—Eva Freeman

RCA TO INTRODUCE VIDEO-RATE DSP CHIPS

Look for RCA to introduce a new line of DSP chips aimed at high-end DSP applica-
tions. The chips should be introduced some time in early summer and will be suitable
for video DSP applications. The line will include a programmable FIR filter, a least-
means-squared adaptive FIR filter, and a programmable-length FIFO buffer. The parts
will feature 8-bit, 14-MHz performance.—Jim Wiegand

SURFACE-MOUNTABLE THERMISTOR IS HERMETICALLY SEALED

The surface-mount-sensor (SMS) line of hermetically sealed thermistors from
Midwest Components Inc (Muskegon, MI) offers designers low-cost devices for measur-
ing temperature or providing thermal-compensation on SMT pc boards. Devices in the
series come in cylindrical packages that resemble MELF diodes. They cost $0.30
(10,000) and are offered in resistance values ranging from 2 k{2 to 1 M. The manufac-
turer also offers the device on tape-and-reel.—Steven H Leibson

ANALOG AND DIGITAL SIMULATORS EXPAND THEIR MODEL LIBRARIES

Mentor Graphics (Beaverton, OR) has increased the size of its analog-device library to
920 models. The library includes op amps, bipolar transistors, zener diodes, MOSFETSs,
and diodes. The library costs $20,000 for the first copy; additional licenses cost $2000.

Digital designers can use Quadtree’s (Bridgewater, NJ) Designers’ Choice behavioral
models to simulate VHSIC (very-high-speed IC) systems. The models simulate a set of
high-speed digital chips from TRW’s Electronics and Technology Div (Redondo Beach,
CA). The device library includes a window- and a content-addressable memory, a
matrix switch, a microcontroller, an address generator, and a multiplier/accumulator.
Models will be sold only to qualified US defense contractors. Each behavioral model
costs $5000; the complete set of eight models costs $32,000. Shipments of the models
will begin in August.—Eva Freeman

FORWARD-ERROR-CORRECTION CHIP IS FASTER THAN PREDECESSOR

Featuring a 20M-bps data rate, the SRT 241203-1 Hyper-Fec 111 forward-error-
correction IC can correct as many as three errors and detect as many as four errors in
each 12-bit data word. Available from Space Research Technology Inc (Austin, TX), the
device is pin compatible with the company’s earlier, 2.5M-bps error-correction part
and costs 40% less. The $75 chip contains an encoder and decoder that, respectively,
convert each data word by adding or stripping 1R check bits to the 12 data bits. The
encoder and decoder can operate at different data rates.—Steven H Leibson
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Until today, the only way you could
getatrue video speed, 12-bit D/A con-
verter was by compromising signal
integrity, power dissipation and cost.

Now, TRW LSI Products Division,
the leader in high-performance D/A
converters, offers you the ideal alter-
native. Meet the TDC1012, a mono-
lithic 12-bit D/A converter that
operates at a 20MHz data rate and
settles in an incredibly fast 30ns.

The TDC1012 not only leads the way
in settling time, it also features rise/
fall times of less than 4ns. And it does
all this while holding output glitches
to 25pV-sec. ... so you can forget
about that expensive deglitcher
circuit.

As for price—very attractive! The
TDCI1012 is available in a 24-lead
plastic or ceramic package, with
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prices starting at $35.

For optimum flexibility and perform-
ance, the TDC1012’s complementary
outputs are capable of driving 40mA
into a doubly terminated 50 ohm
transmission line. Power dissipation
isa cool 1.1W. And, of course, the
TDC1012 is TTL compatible and
operates from standard +5V and
—5.2V power supplies.

This breakthrough in converter tech-
nology is made possible by TRW’s
Omicron-B™ one-micron triple dif-
fused process. It’s available now from
Arrow Electronics, Hall-Mark and
Hamilton-Avnet.

Remember, you always get
FULL SPEC PERFORMANCE
from TRW LSI.

For immediate technical assistance
and literature, call or write:

LSI Products Division,

TRW Electronic Components Group,
PO. 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 — TRS-5107R
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BIPOLAR POWER TRANSISTORS SUIT HIGH-FREQUENCY CONVERTERS

High-voltage, bipolar power transistors in the ETD (Easy-To-Drive) Series from
Thomson Semiconducteurs (Paris, France, TLX 204780; in the US, (201) 438-2300) are
capable of 100-kHz switching. The series includes 10 and 20A (ICs,,) transistors with a
Vpw Tating of 400V and Vg, ratings of 850 or 1000V. All the transistors have a max-
imum fall time at 100°C of 0.15 usec.

Operated without negative base bias, ETD transistors switch as fast as conventional
bipolar transistors with negative base bias and therefore allow simplification of base-
drive circuitry. In addition, their extended RBSOA (reverse bias safe operating area)
allows you to use them without, or with smaller, snubber components. The BUF410, a
10A/850V transistor, sells for around Fr fr 11 (10,000).—Peter Harold

JAPANESE CAMERA INCORPORATES AMERICAN SEMICONDUCTORS

The recently introduced EOS 620 and EOS 650 35-mm, automatic-focus cameras
from Canon (Tokyo) incorporate three different surface-mountable semiconductor
devices developed and marketed by Motorola Inc (Phoenix, AZ). An MC68HC11 uC
packaged in a 64-lead, gull-wing chip carrier acts as the camera’s main processor and
exposure-control element and communicates over a serial link with uCs embedded
inside each lens in the EOS autofocus series. Two MPC1710 smart-power motor con-
trollers operate the camera’s shutter and film-movement motors, and an SFX10 power
FET controls the internal power bus.—Steven H Leibson

SINGLE-BOARD COMPUTER ADAPTS TO OEM REQUIREMENTS

Targeted at workstation OEMs, the JT-68020 VME Bus-compatible single-board com-
puter from Integrated Micro Products (Consett, UK, TLX 537747) accepts a piggyback
68851 paged-MMU module that allows it to run Uniplus+ v&2.2 (version 3 is currently
being ported). The board runs a 16-, 20-, or 5-MHz 68020 xP and an optional 68881
math coprocessor; it can be supplied with as much as 4M bytes of onboard dual-port
RAM. Space for M bytes of EPROM and as much as 32k bytes of static or nonvolatile
RAM is also provided.

An expansion bus connector allows you to add as many as three daughter boards for
additional serial I/0 and RAM, a SCSI-bus interface, or for prototyping purposes. The
board’s VME Bus base address is software defined by data in nonvolatile RAM, and
other board set-up parameters are stored in a PAL. The computer starts at £2950.

—Peter Harold

JOINT VENTURE TO OFFER ON-LINE SEMICONDUCTOR INFORMATION

A 10-company venture will offer next year an on-line information service on foreign
and Japanese semiconductors and electronics components. Among the companies
involved in this venture are Nippon Telegraph and Telephone Corp, Mitsubishi Corp,
Hitachi, Toshiba, Fujitsu, and Oki Electric. Users will be able to access the database
via PCs or facsimiles to obtain device specifications, photos, and circuit diagrams.
When this service first begins, the database is expected to contain information on
15,000 catalogued items; after five years, the companies expect to have information on
900,000 devices.—Joan Morrow
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Stimulate experiments
with real-time analog
waveforms reproduced
Jrom your actual
captured data!
Connected via the GPIB
interface, the Nicolet Model
4094 digital oscilloscope
teamed up with the Nicolet
Model 42 arbitrary function
generator provides
instantaneous waveform
storage and generation.

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 Oscillosc

Incoming signals digitized by Nicolet’s high accuracy 12-bit, 10 MHz dlgmzers
or high speed 8-bit digitizers allow you to see things you've never seen before. Zoom
expansion to X256 allows you to see the details in waveforms composed of up to
16k points. Cursor readout of measurement values, continuously variable pretrigger
positioning, and built-in disk drives all contribute to Nicolet’s tradition of

measurement power and ease of use.

Nicolet Programma.
Function (jmmf« alo

Outgoing signals are accurately generated from the 12-bit by 2k arbitr
waveform memory in the Model 42. Real-time duplication of the captured signal
can be produced at speeds up to 1 wSec per data point.

Continuous, triggered, gated, and burst output modes are possible. A unique
feature, arbitrary sweep, allows you to accurately program the output frequency.
Standard waveforms (sine, triangle, square, sawtooth, pulse), 10 mV,,, to 20V,,
amplitudes, are all available at speeds up to 4 MHz.

= Nicolet

“Instruments of Discovery”
For more information circle 43 25
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one-piece design defies rough handling

Check these features:

v Each unit undergoes high-impact shock test
v’ Available from 1 to 40 dB

v" DC to 1500 MHz

v Unexcelled temperature stability, .002 dB/°C
v" 2W max. input power (SMA is 0.5W)

v" BNC, SMA, N and TNC models

v Immediate delivery, 1-yr. guarantee

NEW!

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)

fnading new way:

[—IMini-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

C92REV.B

*Freq Atten. Tol
(MHz2) (T\/p )

Atten. Change, (Typ.)
_over Freq. Range

VSWR (Max.)

| ‘IJ(' 1000
DC-1500MHz[ +0.3 | 06

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

MODEL AVAILABILITY

1000-1500

DC-1000 MHz

0.8 1.3

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

B denotes 75 ohms; add —75 to model no

@ denotes 50 ohms

ATTEN SAT (SMA) CAT (BNC) NAT (N)
1 [ ] L] ]
2 [ ] ® [ ]
3 ® on ®
4 ® & ®
5 [ J L ®
6 ® on ®
% L] L] ]
8 L] L] ]
9 ® L] ®

10 ® on L]
12 ® L] L]
15 [ ] on L]
20 [ ] on L]
30 [ ] L] L]
40 [ ] [ ] L]

PRICING (1-49 qty.): CAT (BNC)..$11.95,
TAT (TNC)..$12.95,
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SAT (SMA)..$14.95
NAT (N)..$15.95
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1000

1500 MHz

1.5

DC-500 MHz (all 40 dB models)

TAT (TNC)



sformers

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-55831 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

now +H i ] i . + {
avajlab‘e' M - - c ™ -
computer-automated m ini- IrCUItS
performance dat / . sox 350166, Brookiyn, fiew York 115360004 (7185 34 4560

Domestic and International Telexes: 6852844 or 620156
C71 Rev. Orig.
CIRCLE NO 121



FLIM




In the old
days, factories
blew smoke.
Nowitsthe
salesmen who do.

“What you need is a

design and
getting it to
market.

Y Whois

~ willing to adapt
to your individual

cradle-to-grave vendor,” they say. “Yeah,
that's the easiest way to integrate PCB
design.”

What they dont say is that single-vendor
integration also offers you the fastest route
from cradle to grave. Simply stated, this
nearsighted approach has thrown our
entire industry into chaos. Creating a ver-
itable CAD/CAM bedlam.

What you need is a CAD partner, who
believes in open system architecture.
Who believes in process automation, not
Just creating piecemeal solutions to speed
isolated tasks.

Who understands that CAD is a vital

link in successfully completing your PCB

design environment.

Who understands the importance of
competitive compatibility and helps you
Maximize your current system invest-
ment. And works with what you already
have, instead of expecting you to walk
away from previous investments.

Who believes making sense is just as
important as making sales.

At Calay, we'd like to think weTe just
such a partner. And we think you'll appre-
ciate how we can help make the entire
PCB design process easier to manage.
And more profitable.

Call us at 714-863-1700. For facts, not
flim flam.

v CALA

Putting an end to

y
CAD/CAM bedlam.

Calay Systems Inc., 2698 White Road, Irvine, CA 92714
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De%1gmnq VLSI circuit boards that work the first
time isn't child’s play. You can’t do it without fast, accurate
feedback on design and test quality.

Now count on Teradyne to help. With our new family
of CAE products, you'll uncover flaws before theyre cast
in hardware. So you'll be able to jump from initial design
directly to final prototype. And from design to manufac-
turing test.

Start with a firm design foundation.

The process starts with DATAView our new design
entry system. Running it on a standard AT-class PC, you
can control the whole design process right at your desk.
From schematic entry and waveform analysis on the PC
to simulation and fault simulation on more powerful net-
worked computers. All with the same mouse-and-menus,
multiple-window interface.

You move from schematic capture to simulation
effortlessly. DATAView’s links with our LASAR Version
6 simulation system save hours of model compilation time.

30

Teradynes new CAE tools help you get to market faster by

Incremental compiling lets you revise a design and resimu-
late in minutes.
Make your design work together before
it comes together.

LASAR Version 6 is the only sure way to avoid multi-
ple trips to artwork as well as costly rework steps in manu-
facturing. Because its simulation accuracy is unmatched

ETHERNET
LASAR
DARAView LASAR :
ona Version 6 ki
PCAT ona lAX DATAServer
DAASource DATASource
ws/ Shared ws/
Modeling Databases Modeling

Teradyne networks advanced CAE tools for convenience and performance.

EDN May 14, 1987



IWO PROTOIYPE,
JIYPE FOUR
SIX PROTUIYPE

giving you a working prototype the first time.

for analyzing PC board designs prior to prototyping. For
instance, LASAR takes full device timing specifications
into account for true worst-case timing analysis. And it
eliminates shared timing ambiguity in reconverging sig-
nals. Both of which mean LASAR finds real design errors
reliably.

Finally, you can use LASAR fault simulation. It will
uncover testability problems and untested circuit functions
before it’s too late.

Simulation without trial and tribulation.

LASAR also takes care of the board modeling prob-
lem. It includes models of over 4000 devices. And the most
popular gate array libraries.

For new VLSI parts, our DATASource hardware
modeling system uses actual devices instead of software
models. A single system supports multiple users and
concurrent fault simulation. With extraordinarily fast
response.

LASAR and DATASource work with any VAX. For

EDN May 14, 1987

simulations up to 25 times faster, you can use our new
parallel/multiprocessing host, DATAServer. It will give
you quick results, with full LASAR precision.
Teradyne makes it easy.

If you want to avoid multiple prototypes and get
to market faster with better products, Teradyne’s new
CAE system is the way. Why not call Daryl Layzer at
(617)482-2700, ext. 2808 for more information. Or write
Teradyne, 321 Harrison Avenue, Boston, MA 02118.

VAX is a trademark of Digital Equipment Corp.
AT is a trademark of International Business Machines Corp.
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We measure quality.
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than 15 years. So whichever pro-
feel confident that you'll have the

support available today.

TWO
GREAT
WAYS T0
GET INTO
PROGRAM-
MABLE
LOGIC.

Nt

ONE
LOW PRICE.

For just $2495, Data I/0® now
offers two easy ways to put the
power of logic in your designs.
The LogicPak™, with the generic
adapter, transforms your 19, 29A,
or 29B Universal Programming
System into a sophisticated logic
programming tool that supports
virtually all programmable logic
devices (PLDs). Or, if you don't
already own one of our universal
systems and want to program the
popular PLDs, choose the 60A
Logic Programmer.

Data I/O has set device pro-
gramming standards for more

grammer you choose, you can
most reliable, up-to-date device

Call us today for a complete
information packet on our logic
programmers.

1-800-547-4000
Dept. 510

In Oregon, call 1-503-684-3000

DATA 1/0
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Technical writers aid
software-design teams

Dear Editor:

In reference to the article “Expert
designers evaluate pc-based sche-
matic editors” (EDN, December 25,
1986, pg 82), I would like to say a
few words in behalf of my profes-
sion. I designed and wrote the
Dash-4C manuals; it was a real
boost to see that Gary Strunc appre-
ciated the soul-searching and ago-
nizing I went through to produce
what I felt was the best documenta-
tion possible.

In defense of my fellow technical
writers in CAE, let me suggest that
poor documentation is often the re-
sult of not using a technical writer
to produce manuals. Often a compa-
ny gets to the documentation stage
and decides to cut corners or simply
misunderstands what technical
writers do (“We have a junior engi-
neer here; we’ll have her write it”).

It takes just as much expertise to
design a manual as it does to design
the software package. In fact, the
difficulty in designing a manual in-
creases as the design of the soft-
ware package worsens. A system
that is not intuitively understand-
able requires more and better docu-
mentation.

As for understanding the needs of
the engineer or designer, I person-
ally am not an engineer. In fact,
FutureNet was my first contact
with electronics, engineers, and
PCs: I came from a programmer-
productivity-tool, IBM-mainframe
background. However, I understand
how people learn and think and re-
member, and I know that they don’t
all do it the same way. Unfortunate-
ly, the same can’t be said for all the
engineers who are designing soft-
ware packages.

An electronic engineer designing
software for other EEs is less likely
to be concerned with writing intui-
tively understandable packages
than, say, a software programmer
would be. The engineer is more like-
ly to say, “Well, I'm an EE and I

understand it; if the user doesn’t, he
should find another job,” forgetting
that although he or she is computer
oriented, the user may not be. Fu-
tureNet has discovered this fact,
and to its credit, the company now
spends huge amounts of develop-
ment time in prototyping user inter-
faces to be sure that the final prod-
uct is intuitively understandable, or
user friendly.

As a technical writer, I feel that
some of my best work is not what
the user sees in the manual, but the
contributions I make during prod-
uct design. I serve as a user advo-
cate, insisting on consistency and
pushing for what’s easiest for the
user, even if it’s harder for the pro-
grammer. My general rule of thumb
is this: If you need immense
amounts of documentation to ex-
plain a program, the program is not
designed well enough.

In sum, technical writers are val-
uable members of software-develop-
ment teams. Their expertise can
make the difference between a pack-
age that is easy to learn and use and
a package that wastes the user’s
time and gets returned.

Sincerely yours,

Pam Kayoumy

Senior Technical Writer
EEsof Inc

Westlake Village, CA

Chip implements
RSA algorithm

Dear Editor:
The Technology Update article enti-
tled, “Availability of cryptographic
ICs augurs the increasing use of
data encryption” (EDN, January 22,
pg 63), incorrectly stated that “it
would be very expensive (and per-
haps impossible, at present) to im-
plement [the RSA algorithm] in
hardware.”

In fact, our chip, the CY1024
cryptographic IC, does implement
the RSA algorithm in hardware.

The chip performs the computations
Text continued on pg 36
EDN May 14, 1987
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SPRA l I E Featuring PWM control logic, braking, direction control, and internal clamp diodes,
: Sprague’s new UDN-2953B and UDN-2954W full-bridge motor drivers are designed for
' ' i 2-phase bipolar control of stepper and brushless d-c motors.
L-B DGE Continuous output currents to 2 A at 50 V are allowed (start-up

currents as high as 3.5 A). For high-power

IC MO I OR DR]VERS requirements, the UDN-2954W in a 12-pin
i . ® power tab SIP package is suggested. For lower

power applications, the UDN-2953B in a 16-pin DIP is supplied. Both are compatible with standard logic families.
Volume pricing for the DIP version is less than $2., and the SIP version just over $2.
Sprague Electric Company, a Penn Central unit. World Hdqtrs., Lexington, MA. For Engineering
Bulletin 29319.2, write to Technical Literature Service, Sprague Electric Company. P.O. Box 9102, i &5 SPRnGUE
Mansfield, MA 02048-9102. For applications assistance, call Mark Heisig at (617) 853-5000. A
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DIGITIZING

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.

| 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.

3 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.

ﬂ TOUCH SCREEN.
Select a trace, a trigger, 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.

S

Tektronix introduces

the 11000 Series: the bases to

new standard in digi- L easily acquire

tizing and analog and . pre- or post-trigger

oscilloscopes. pro- e processors, details of a trace, and
These new fully pro-  cessing  of data than long records, the  view both the whole

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

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

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




, DL o
e

= s

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-

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

"/l 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.

m 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.

ﬁ 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.
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SIGNALS & NOISE

necessary for SEEK, RSA, or
Diffie-Hellman algorithms on num-
bers considerably larger than the
200-digit numbers cited in the arti-
cle. The chip operates on numbers
over 1000 bits, computes in less than
1 second, and costs less than $100 in
OEM quantity.

Sincerely yours,

Lewis C Morris

President/CEO

Cylink Corp

Sunnyvale, CA

Corrected formula

Dear Editor:

EDN’s January 8 issue contains an
informative and interesting article
by R F Cobb: “Use statistics to test
communications systems efficiently”
(pg 143). The approximations for
Q(X) and Q(Y) are of particular in-
terest to me because they are also
widely useful outside the context of

the article. Unfortunately, Mr Cobb
presents an incorrect solution for
Q(X) where X is negative (pg 147).
This is evident when you inspect the
formula for T, where, if X is set
equal to —1/p, the value of T would
be infinite.

Instead, for all values of X, the
correct value of T is:

¢ 1
T_1+p\X|'

Thank you for presenting articles
such as Mr Cobb’s. They attack im-
portant problems in ways that can
be extended to many other applica-
tions. Mr Cobb, in particular, has
provided helpful insight in many
areas, not only in the present article
but in the 4-part FFT series EDN
published in 1984 (March 8, 1984, pg
209; April 5, 1984, pg 237, May 3,
1984, pg 265; and June 14, 1984, pg
183). Keep up the excellent work!
Sincerely yours,

David King

Manager, Advanced Programs
TRW Microwave Inc
Sunnyvale, CA

Please dial again

EDN'’s March 18 Product Update on
Micro Linear’s (San Jose, CA)
ML2200 chip (pg 104) contained an
incorrect phone number for the
company. The correct number is
(408) 262-5200.

YOUR TURN

EDN'’s Signals and Noise column pro-
vides a forum for readers to express
their opinions on issues raised in the
magazine’s articles or on any topic that
affects the engineering industry. 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 let-
ters for space and clarity.

Where to find almost any
test environment on Earth.

Plus afew that arent.

All at one location.

Lockheed’s Environmental Test Laboratory
provides complete environmental, electromag-
netic interference/compatibility and stress
screening services on a 24-hour-per-day basis.

We have 26 years’ experience testing all
types of equipment under carefully controlled
laboratory conditions. Whether your specifica-

<= rlockheed Flectronics

tions are military or commercial, we're fully
equipped to handle your climatic/atmospheric
simulation, structural, enclosure or noise
testing, and much more.

Call Jack Glavine at (201) 757-1600

may seem.

'Extension 2267 or 2227 with your equipment
test specifications. However impossible they

36
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Perforrnance Semiconductor’'s CMOS SRAMs

EVERY ONE
A ZINGER

Density Foctet  Organization S("nes‘;d CPATURES  AVAILABILITY COMMENTS
64K P4C164 8K x 8 20 300 MIL PKG NOW
64K  P4C187 64K x 1 12 NOW ' ;
64K  P4C188 16K x 4 17 NOW All Cﬁl’.‘f'glf"att'm(‘; are
64K  P4C198 16K x 4 20 W/OE NOW .
64K P4C198A 16K x 4 20 W/OE & CE2 NOW little less speed, we
64K P4C1982 16K x 4 20 SEPARATE I/O NOW can help you with
64K  P4C1981 16K x 4 20 SEPARATE I/O NOW that, too.)
72K P4C163 8Kx9 20 300 MIL PKG SEPT
16K P4C116 2K x 8 15 300 MIL PKG JULY
16K P4C168 4K x 4 12 NOW
16K P4C169 4K x 4 12 FASTCS NOW All this performance—
16K P4C170 4K x 4 12 W/OE NOwW at affordable prices.
16K P4C1682 4K x 4 15 SEPARATE I/O NOW
16K P4C1681 4K x 4 15 SEPARATE I/0 NOW
4K P4C147 4K x 1 10 SEPT
4K P4C148 1K x 4 10 SEPT
4K P4C149 1K x 4 10 FASTCS SEPT gfgﬁ’e';fi‘(f;t‘::ge‘r?e
4K P4C150 1K x 4 10 SEPI/O W/RESET  SEPT
4K P4C151 1K x 4 10 W/COMPARATOR  SEPT
World’s fastest avail-
1K P4C422 256 x 4 8 NOW able CMOS SRAM.
Fast, (ool & Affordable

As always, you can depend on Performance Semi-
conductor for the fastest CMOS SRAMs. In fact, we
now have the broadest range of high-speed CMOS
SRAMs in the industry. And we also have the fastest
and coolest 8-bit comparator, 32-bit EDACs, multi-
level pipeline registers, and diagnostic scan registers.

The popularity of our CMOS SRAMs is driving our
volume up—and our prices down—even on our fast-
est SRAMs, whose speed remains uncontested.

Because of our 6” wafers and high yields, we have
the capacity to handle all of your high-performance
CMOS SRAM needs, with the kind of assistance and
prices you'd expect from the CMOS SRAM leader.

EDN May 14, 1987 CIRCLE NO 89

11051 1000-Piece Price ($) P4C188-20
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PERFORVANCE

SEMICONDUCTOR CORPORATION

610 E. Weddell Drive, Sunnyvale, CA 94089
Telex: 6502715784 FAX:408-734-0258
Telephone: 408-734-9000

© 1987 Performance Semiconductor Corporation
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THE POINT
OF NO RETURN.

When you put a Fujitsu ASIC to
work,you can rest assured it will
work the way it should. And keep on
doing its job for a very long time

to come. In fact,when you look at
our performance record over the
years,you'll be hard pressed to find
any field failures at all.

This is no empty promise.
Product reliability has been a way
of life for us for more than 15
years.




That’s why we always take a and final test, including 100% AC Call our Hot Line today at
conservative approach to the testing at frequency. So nothing (800) 556-1234, Ext. 82; in California
design process. Giving you realistic  is left to chance. (800) 441-2345. Look into ASICs
worst case specs that no produc- To us, reliability in the field is you can send out the door. Never to
tion device will exceed. everything. And when you remem-  return again.

Guaranteeing a minimum 90%  ber we've taken over 8,000 ASIC
utilization of all gates.And giving  devices from design through mass
you a simulation-to-production production, you can see that well syt
correlation of 99%. giveyou a level of confidence no one

It's also why we control every else can offer. Torey FuJITSU
stepof the production process. From So count on parts that have B MICROELECTRONICS. INC.
design to wafer fab to assembly longer life expectancies. Technology That Works.
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Bring
intelligence

to your VMEDbus
system with
FORCE’s new
dual ported
controllers.

N

_rA_'__%Control by

i T e ]

Specification ISIO-1/2 ISCSI-1 AGC-1/2
8-channel SCSlinterface advanced graphics
serial [/O controller

memory no wait state no wait state no wait state
£ Unique firmware based on
o | SWpackages | realtime kernel caching firmware
sttty ron

Whatever your VME need — CPUs, memories, controllers, software — FORCE has
it. Each product comes with a 500 + page user’s manual and with FORCE'’s proven
quality and reliability.

Hardware

now




intelligence

Take full advantage of these controllers with the use of one of FORCE’s 16 bit (up to
16 MHz) or 32 bit (up to 25 MHz) no wait state CPU boards.

FORCE's intelligent controllers provide higher system performance via off loading
the main CPU from [/O housekeeping, lower bus traffic by only passing macro com-
mands and simplifying software interface with standard drivers.

As the largest independent VMEbus supplier in the world FORCE gives you choices
and tools including development systems, comprehensive design literature, 50
hardware products, 20 software products, in-plant seminars and prompt support.
Industry leading quality levels are assured through functional and incircuit testing
and a 48 hour operating burn-in on all products.

. Free! Call 1-800-BEST VME
w (or 1-800 237-8862 in California) for our

new 380 page VME data book and for rapid
applications support.

*PDOS is a trademark of Eyring Research Institute, Inc
UNIX is a trademark of AT&T Bell Laboratories

© Copyright 1987
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Processor Boards

Controller Boards

N

COMPUTERS.

I i‘
> [E the intelligent choice

FORCE COMPUTERS, INC, Los Gatos, CA 95030, Phone (408) 354-3410
Midwest: Ann Arbor, MI 48108, Phone (313) 769-0840
Southeast: Roswell, GA 30076, Phone (404) 642-9647

FORCE COMPUTERS GMBH, 8012 Ottobrunn, Phone (089) 600910
FORCE COMPUTERS FRANCE, 92100 Boulogne, Phone (1) 46203737
FORCE COMPUTERS (UK) LTD, Wendover, Phone (0296) 625456




TOSHIBA.THE POWER
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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) 244-4070; SOUTHWESTERN
REGION, Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 493-4401; MAJOR ACCOUNT OFFICE, POUGH-
KEEPSIE, NEW YORK, Toshiba America, Inc., (914) 462-5710; MAJOR ACCOUNT OFFICE, 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 Associales, (512) 459-8602; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager
Electronics, Inc., (818) 712-0011, (714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc.,
(203)288-7005; DISTRICT OF COLUMBIA, ArboTek (301) 825-0775; FLORIDA, Sales Engineering Concepts, (305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components
West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, C.H. Horn, (319) 393-8703; 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; MARYLAND, ArboTek, (301) 825-0775; MASSACHUSETTS, Datcom, Inc., (617) 891-4600;
MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229
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We are the leader in IMb DRAMs. In 256K static RAMs,
CMOS EPROMs and 1Mb ROMs. Yet, people still think of us only
as the world leader in CMOS and NMOS static RAMs.

We are the world leader in CMOS TOSHIBA MEMORY PRODUCT SUMMARY
and NMOS Statlc RAMS’ ln 16K, 64K PART NO. ORG. PROCESS SAMPLES PROD. SPEED SORTS AVAILABLE (ns) Pokl’(‘l_ll\(';l(\.:
2 DYNAMIC RAMS
and 256K byte wide memory prod-  |mesiesr e wos we v @ z
ucts. We make the fastest 2K x8at  [omwwescwoe = w o w
35ns and 31,50 a 4K x 4 static RAM at TsHobip WA Clios—YES—2a% 0oy ¢
35 ns. We pioneered the 8K x 8 CMOS  foumiian oo s &1 E
static RAM and are now offering a e e % B £l
64K x 1 (55 ns) and 32K x 8 CMOS ThMATIOAP 06 NMioS—YES Ve s —io0 @ 0¥
static RAM. ST e L e
. T 2015 2. NMOS YE! YES Y. 5
But we make more than static WS W R—
TMM2063P 8KX8 NMOS YES YES 100 120 150 P
RAMS. AS y()u can see from the TC5504AP__ 4KX1 CMOS  YES  YES 200300 P
. TC5514AP 1KX4 CMOS YES YES 200 300 P
chart, we have a complete line of TCSSI6/ AP 2K QMOSYES  VES 00 Py
C5517/18BP  2KX8 CMOS 5 ES 200 25 Y
DRAMS CMOS and NMOS ROMS TC5517/18CP__2KX8 _ CMOS __ YES YES 150 200 PFY
: b ) TC5565P 8KX8 *CMOS YES YES 120 150 PFY
EPROMs, and one time program- T T T ) o
mables. And they are all in volume TER R ik T T o
production today. e s VR AW P >
e . s TMM2068D 4KX4 N%()S zES zf‘w 35 45 55 D
TMM2078D 4KX4 NMOS ES ES 35 45 55 D
Tradltlon 0' belng flrs‘. TC5561P 64KX1 *CMOS _ YES __ YES 70 P
TC5562P 64KX1 *CMOS YES YES 45 55 P
We were also the first to intro- A R MU et VRO, 2
! 276 NMOS S ES 50 200 25
duce the 1 Mb DRAM and we're NOW [t sios —xwos —vis —vis 10 o .
the market leader. We were on e e :
e e O e O TMM27128AD 16KX8 NMOS YES YES 150 200 D
the first Supphers of the 256K CMOS TMM27256D_32KX8__NMOS__YES __YES 150 200 D
. s 27256D1 3¢ S YES ES 5 200
Statlc RAM sNe were a leader Wlth mxzznr:;n ;jgg :m: sti LE :,ﬁ 200 g
% 5 ) ’ TC57256D 32KX8 CMOS YES YES 200 250 D
TMM27512D 64KX8 NMOS YES YES 200 250 D
phe 256K ROM and Wlthm a year of ONE TIME PROGRAMNABLES ¢
MM246- 9.t \ S £S 200 3
lntrOdUCtlon’ We SI‘III)I)e(.i more than T_MMZAH%??AP ‘IGK)SS) NM()S YI‘ES YI-S 200 PP?
all other suppliers combined. And T O T T b
we are matching that with our 1Mb M8 cws ws ws o -
CMOS mask ROM. R A -
T 2P 64KX8 CMOS YES 2Q'86 200 P28
SO you can see that we have the TC531000P _128KX8 CMOS __YES __ YES 200 P28
b.l. 1 th TCSBZ(-)})TIP‘ 230}\)\8 CM()S : \l-\ %Q'ﬁti ”201) - . . I’32‘
capability to supply the memory R e R

products you want—when you want
them.
That’s memory power; that’s

TOSHIBA. THE POWER IN MEMORIES.

Toshiba. TOSHIBA AMERICA, INC.

MONTANA, Components West, (206) 885-5880; NEVADA, Elrepco, Inc., (415) 962-0660; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology,
(201) 947-0151; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pl-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc.,
(919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHIO, Steffen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731;
OREGON, Components West, (503) 684-1671; PENNSYLVANIA, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 831-4600; TENNESSEE, Montgomery Marketing, Inc., (205) 830-0498; TEXAS,
MIL-REP Associates, (512) 459-8602, (713) 444-2557, (214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; VIRGINIA, ArboTek, (301) 825-0775;
WEST VIRGINIA, Steffen & Associates, (419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594;
glVOMING, Straube Sssocnates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452; QUEBEC, Electro
ource, Inc., (514) 694-0404
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RELIABLE SYSTEM
POWER. PERIOD.

Case 10

600 to 1800 Watts
5! X80 (1"

N+1 Redundancy
AC and DC Inputs

For 5x8x11 “slot” switching power
supplies from 600 to 1800 Watts,
the Qualidyne Case 10 is all you
need to know. MTBF of 50,000
hours. Single or multiple (up to 5)
fully regulated outputs from 2 to 48
VDC. Precision paralleling for N+1
redundancy. AC and DC input volt-
ages. Safety listings from UL, CSA
and TUV. Compliance with IEC
380 & VDE 0806. FCC 20780
Class A filtering. Nothing fancy,
just reliable slot power —period.

THE SWITCHER FIT FOR YOUR NEEDS

Rualidyne

QUALIDYNE SYSTEMS, INC.
3055 Del Sol Boulevard, San Diego, CA 92154 (619) 575-1100 Telex: 709 029 FAX: 619 429 1011

(800) 445-0425 In Caiit. (800) 237-6885
CIRCLE NO 24

PCB Switches
from JAE Eledronics...

The clioice IS yours!

Select the switch for your PCB applications from three different versions

available from JAE Electronics—all with gold plated wiping contacts:

® Machine insertable DIP Switches. 51D Series—Reliably sealed for automatic
soldering and cleaning, and fruly machine insertable with standard IC
handling equipment.

® Binary Coded Rotary DIP Switches. 41/42) Series—Bit designated terminals
are shorted automatically for each setting. Switches have reliable seal for
automatic soldering and cleaning.

® PCB mounted thumbwheel switches. 22J Series—Larger size allows for
thumb as well as screwdriver actuation. All mounting orientations and
bases are sealed for automatic soldering.
Choose the switch that meets your needs. And look to JAE Electronics for

all of your requirements—Ilighted pushbutton switches, miniature

pushbutton switches, keylock switches, flat panel

keyboards, connectors and more. PREEE———
For prices, samples and literature, contact JAE

Electronics today. 1901A E. Carnegie Ave., Santa Ana, LJAE

CA 92705  (714) 250-8770 « Telex 681-438 (JAE US)

(800) JAE-PART (523-7278) Toll free except in —

California and Alaska JAE Electronics, Inc.

CIRCLE NO 25
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CALENDAR

Colorado Innovations in Electron-
ics Trade Show, Denver, CO.
CIETS Office, 9778 E Ida Circle,
Englewood, CO 80111. (303) 771-
9578. May 20 to 21.

41st Annual Frequency Control
Symposium, Philadelphia, PA. Syn-
ergistic Management, Box 826,
Belmar, NJ 07719. (201) 280-0410.
May 27 to 29.

International Workshop on Com-
puter-Aided Software Engineer-
ing, Cambridge, MA. Index Tech-
nology Corp, 101 Main St,
Cambridge, MA 02142. (617) 491-
2100, ext 8000. May 27 to 29.

Personal Computer Interfacing
for Scientific Instrument Automa-
tion, Blacksburg, VA. Linda Leffel,
CEC, Virginia Tech, Blacksburg,
VA 24061. (703) 961-4848. May 28
to 30.

Comdex/Spring, Atlanta, GA. In-
terface Group, 300 First Ave, Need-
ham, MA 02194. (617) 449-6600.
June 1 to 4.

Hands-On Programming in C,
Washington, DC. Integrated Com-
puter Systems, Box 3614, Culver
City, CA 90231. (800) 421-8166; in
CA, (213) 417-8888. June 2 to 5.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Arlington, TX. Micro Sys-
tems Institute, 73 Institute Rd,
Garnett, KS 66032. (800) 247-5239.
June 2 to 5.

ICCE (International Conference on
Consumer Electronics), Rosemont,
IL. Geriann Van Calbergh, First
National Bank of Chicago, 8528 W
Gregory St, Chicago, IL 60656.
(312) 399-1653. June 3 to 5.

ISHM Europe (European Microe-
lectronics Conference and Exhibi-
tion), Bournemouth, UK. Concorde
Services, 10 Wendell Rd, London
W12 9RT UK. 01-743-3106. June 3
to 5.
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MICROPROCESSOR
MASTERY!

The Development System that
Supports 150 Different Microprocessors.

A complete solution

Find Bugs Fast

Get Running Fast

Here, at last, is the working environ-
ment of the future for developing
error-free and efficient microproces-
sor code. Save time and money with
UniLab II's seamlessly integrated
toolset:

An 8/16-Bit Universal Emulator-
With UniLab’s full selection of symbolic
debug commands you can
quickly display and change
all registers, memory, and
ports, plus set software
and hardware breakpoints.
An Advanced

48- Channe’ Windows can be
Analyler— used to viewsource
Mostother /e st more
development

systems are i :ﬂ?ﬂ
dead in the or source code
water if there e ot

is a hardware fault, such

as a simple bus short. Now,
you can use the power of
UniLab to home in on both
software and hardware
problems quickly.

An Input Stimulus Generator-
You conveniently specify system
inputs and observe the results.

A Built-In EPROM Programmer -
helps finish the job!

Development Dreams Come True

Use Unilab’s advanced
windows to set up
your screen the

way you want to...
view multiple items
of interest. Imagine
being able to auto-
matically compare a
current trace with previous
trace data to instantly
determine differences. You
can set breakpoints, single-
step, then go back to the an- §
alyzer without missing a beat.
If you make a change in your
code, use UniLab’s built-in line-
by-line assembler to instantly patch
the fix and test the results. Think of
the time savings.

EDN May 14, 1987

Searching for bugs by single-stepping

through suspect code can take forever.

Now, with UniLab, just specify the

bug symptom you are looking for as

a trigger spec and let UniLab catch the

On-Line Help bug fOT yOU as
,menus Command yOUr program

Glossary, and
Word List. runs in real time.

Pop-up Mode

Selection
panel called
by soft key.

UniLab trace

Screen displays Context
scroll off into sensitive
N history buffer - Flterlng prompt line.

canbeviewed eliminates extraneous
information and shows
you only the program steps of interest.

Set up for any 8- or
16-bit processor
in seconds!

Thanks to our innova-
tive emulation
approach, moving
between processor
types requires only
a new emulation
module and soft-
ware change. You
save both money

and time: Our
» inexpensive

g Personality Paks™ (only
. about $500) include all the items
you need for fast hook-up. Orion Micro-
Targets;" functioning target circuits for
popular MPUs, let you test your software
before your own hardware is ready.

CIRCLE NO 94

w

You probably won't use your develop-
ment system every day. You do need
a system that's easy to learn, and easy
to come back to. That's UniLab. It lets
you use commands or menus—or a
mixture of both. The same commands
work for all MPUs. Useful help screens,
an on-line manual & glossary, instant
pop-up mode panels, a quick
command and parameter

- reference, are at the ready.

. Affordable, Expandable

At less than $5,000 UniLab

B Disassempiyor  COSLS less than

| pcode inmemory  OUr less-able

/P! competitors.

’ adjacent window.  You can add our

new Program

Performance

Analysis option

» to help you

. optimize your software. If

. you don't need UniLab’s

i power, other models are

~ available from $2,995. Get
e story on UniLab Il and how it can

revolutionize your software design

efficiency, as it has for thousands.

Universities, ask about our Education

Outreach Discount Program.

Call Toll-Free 1-800-245-8500.
In California call (415) 361-8883.

' Symbolic
~  breakpoint
. register
| display.

When you own or rent a UniLab II,
you get access to Orion’s team of
Appllcatwns Engineers.

_—==== 63

INSTRUMENTS, INC. TELEX 530942
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TOTO SETS
SUB-MICRON

STANDARDS.

Now submicron accuracy is a reality in air-slide, structural, and XY
components. TOTO precision ceramics put you much closer to zero
than steel or granite, and demonstrate a range of superior character-
istics — hardness, rigidity, lightness, and an uncanny immunity to
friction and environment. Specify

TOTO

for those applications

that require extreme accuracy

€ 1887 National Machine Systems, Inc.
1878 is a registered trademark of TOTO Ltd.

and durability.

TOTO

PRECISION CERAMICS
Machine

Cable: RATL MACH TSTN
Tele: 583426
FAX: (T4) 8211162

See us at SME, Booth 223
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CALENDAR

Single-Chip DSP Processors and
VLSI Semicustom Architectures,
Boston, MA. DSP Associates, 18
Peregrine Rd, Newton, MA 02159.
(617) 964-3817. June 8 to 9.

IEEE MTT-S International Mi-
crowave Symposium, Las Vegas,
NV. Steven March, Symposium
Steering Committee Chairman,
Maury Microwave Corp, 8610
Helms Ave, Cucamonga, CA 91730.
(714) 987-4715. June 9 to 11.

University / Government / Industry
Microelectronics Symposium,
Rochester, NY. Lynn Fuller, Roch-
ester Institute of Technology, 1
Lomb Memorial Dr, Rochester, NY
14623. (716) 475-2035. June 9 to 11.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices, Atlanta, GA. Micro Systems
Institute, 73 Institute Rd, Garnett,
KS 66032. (800) 247-5239. June 9
to 12.

Advanced Printed Circuit Board
Design Techniques, Milwaukee,
WI. Center for Continuing Engi-
neering Education, University of
Wisconsin-Milwaukee, 929 N Sixth
St, Milwaukee, WI 53203. (414) 227-
3125. June 10 to 12.

National Computer Conference,
Chicago, IL. AFIPS, 1899 Preston
White Dr, Reston, VA 22091. (800)
622-1987; in VA, (703) 620-8955.
June 15 to 18.

ISDN, Atlanta, GA. Information
Gatekeepers, 214 Harvard Ave,
Boston, MA 02134. (617) 232-3111.
June 15 to 19.

North Central Lightwave Expo,
Minneapolis, MN. Lightwave, 235
Bear Hill Rd, Waltham, MA 02154.
(617) 890-2700. June 16 to 18.

Satellite Communications (short
course), Boston, MA. Continuing
Education Institute, 21250 Califa
St, Woodland Hills, CA 91367. (818)
710-1142. June 16 to 19.
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Our 100MHz Digital
Oscilloscope calculates,
analyzes, memorizes...and
it’s programmable too.

£ DIGITAL OSCILLOSCOPE VP-5740P

Three 10-kiloword memories, 7" CRT display, 100MHz
sampling clock and various data processing functions.

In this advanced day and age you need more than just a mea-
suring instrument. You need a unit that thinks and remembers for
you. For high-speed transient signals, meet the VP-5740P, a scope
with a 100MHz sampling clock and three 10-kiloword memories.

Programming, which includes panel operation sequence and
waveform/waveform-parameter calculations, gives you auto-
matic measurements. Accumulated and memory waveforms
and corresponding digital information can be viewed on a large
7" CRT display. You also have GP-IB interfacing plus a wide var-
iety of built-in computer functions including interpolation and
YES/NO decisions. And, as a non-storage oscilloscope, the
VP-5740P offers high performance with 100MHz dual trace
and delayed sweep.

For more information or a free demonstration, contact your
local Panasonic Instrumentation representative or: Panasonic
Industrial Company, Memory Systems Division, One Panasonic

Way, Secaucus, NJ 07094.
Panasonic

(201) 392-4050.
Industrial Company

EDN May 14, 1987 CIRCLE NO 95

® 100 Megasamples per/second
digitizing

® Three 10K word memories

® 35MHz single shot

@ |nternal programming capabilities
(up to 1000 steps)

® Math pack, algebraic and
calculus functions

® Advanced cursor function

® Rise-time calculations with auto
min-max feature

® Waveform expansion

® 100MHz analog 2-channel
oscilloscope

® Auto-ranging

® Alphanumeric display

® P control-front panel

® GP-IB standard

® Multiple YES/NO function

® Future memory expandability
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into the world of CMOS.

Only GE/RCA has the broad line,

unique parts and 25 years of CMOS experience
to support you every step of the way.

Your venture into the world of high-speed
CMOS can be very rewarding—if you travel
with the right CMOS partner.

Alogical first step.

We have been the leader in CMOS logic
for more than two decades.

We pioneered with the 4000 series and
followed with high-speed CMOS and ACL.

Today, we have more than 270 high-
speed CMOS devices. And that number is
growing fast, because every time we make a
new HC device (and we have the industry’s
broadest line), we make the corresponding
partin HCT, too.

A design engineer’s dream.

This broad line includes quite a few
unique parts (for a sample, see the box
below). And we have extensive experience

in High-Rel, ASICs, memories and micro-
processors, so we can help you get the most
possible from this outstanding technology.

And a purchasing agent’s, too.

There's more to good CMOS than good
design. We have a track record of delivering
competitively-priced parts ontime. And
we've invested millions of dollars to provide
the production capacity and leading-edge
technology you need.

Add to this a record for reliability that has
truly withstood the test of time (after all, we
invented CMOS), and you'll see why so
many people have started successful jour-
neys into CMOS with GE/RCA at their side.

Take a big step in the right direction, and
calltoll-free 800-443-7364, ext. 15. Or con-
tact your local sales office or distributor.

HC/HCT4016, 4066, 4316

® Wide analog input voltage range: 0 to 10V.

e | ow Ron: 4066 (25 ohm typ @ 4.5V, 150hm @9V);
4016, 4316 (45 ohm typ @ 4.5V, 30ohm @9V).

® Frequency response of -3db down @ 180 MHz
(4016, 4316), -3db down @ 200 MHz (4066), both
drivinga 75 ohm load.

® Maximum control switching frequency to 35 MHz.

e Low “OFF” leakage current. ®Low distortion.

e Applications: Instrumentation, Direct Currentto
50 MHz Switching Systems, Cable TV, Workstations.

Our unique high-speed CMOS analog switches are among the highest
frequency, lowest distortion devices available today.

HC/HCT4051, 4052, 4053, 4351, 4352, 4353

* Wide analog input voltage range: 0 to 10V.

e Low “ON"resistance: 70 ohm typ (Vcc-Vee =4.5V),
40 ohm typ (Vcc-Vee = 9V).

e ow crosstalk between switches.

e Fast switching and propagation speeds.

® “Break-before-make” switching.

e Applications: Audio and Video Switches, Synch.
Detection, Video Mixing, RF Frequency Switch-
ing, Data Multiplexing, Data Conversion, Data
Transmission.

EDN May 14, 1987

Our Phase-Locked Loop devices offer greater speed and linearity than any other
CMOS PLL’s...plus low power consumption.

HC/HCT4046A HC/HCT7046
® Operating frequency range up to 17 MHz (fc) at ® Operating frequency range up to 17 MHz (fc) at
Vcc=4.5V. Vce=4.5V.

® Built-in op amps for excellent linearity.

® Op-amp buffered demodulated output.

e 3 phase comparators to choose from.

® Applications: FM Modulation/Demodulation,
Frequency Synthesis, Frequency Multiplexing,
Voltage to Frequency/Frequency to Voltage
Conversion, Servo Control Systems, Data
Synchronization, Manchester Coding/Decoding.

® Built-in op amps for excellent linearity.

* Op-amp buffered demodulated output.

* A pin which indicates lock detect.

® 2 phase comparators to choose from.

® Applications: FM Modulation/Demodulation,
Frequency Synthesis, Frequency Multiplexing,
Voltage to Frequency/Frequency to Voltage Con-
version, Servo Control Systems, Data Synchroni-
zation, Manchester Coding/Decoding.

Call: Brussels, (02) 720-89-80; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (02) 826-6747.
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Qs
So, how's your latest PCB design coming along?

While you inch your way into For instance, Redcad makes it rails. What takes a full day by
another PCB, thousands of other impossible to break electrical hand takes only a few minutes
engineers are racing through connections when you move by Redcad.
designs just as complex — start terminal points — even through as The point is, Redcad can help
to finish — in a matter of days, many as 20 levels of hierarchy. you complete three to five times
not weeks. And at the layout stage, Redcad the projects you currently handle

No, they're not using high-priced  automatically routes your PCB's in the same amount of time. For
minicomputer workstations. traces, memory arrays and supply ~ about $15,000.

They are using Redcad™ software So how fast can Redcad

on an ordinary IBM PC AT

Right about now you're
probably guessing that this is
some stripped-down, bare-bones
version of the big, dedicated
workstations Racal-Redac is
famous for.

Hardly. Redcad is powerful

streamline your group's work?

That depends on how quickly
you return the attached card, or
phone us at (714) 859-6336, Irvine,
California. We'll put you in touch
with your nearest Racal-Redac
representative and he'll rush you
a complete description of the
enough to breeze through just Redcad software system. (=09
abOUt any board dQSign that y IIBM PC AT are trademarks of the International
comes your way. Business Machines Corporation

RE

RACAL-REDAC
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Electronic
American Electronics Association .-« BUSINess present:

Japamn |

B4

vlectromics:
A Business and Technology Update

he Japan Electronics seminar on October 7 in

Osaka is designed to help European and U.S.
executives seek out new business opportunities in
Japan. The day-long seminar, which will coincide
with the Japan Electronics Show, has been struc-
tured to provide attendees with a statistical over-
view of the Japanese electronics industry, as well
as a preview of upcoming technological trends.

The seminar is intended both as an introduction

to Japan for first-time visitors as well as an update
of Japanese business and technology for seasoned
travelers in the Far East. If you buy from, compete
with, or sell to Japanese electronics companies, this

seminar is for you. =

CONFIRMED SPEAKERS:

DATE:
October 7, 1987

In conjunction with the
Japan Electronics Show

LOCATION:
Royal Hotel,
Osaka, Japan

SEMINAR FEE:
$350

OFFICIAL
LANGUAGE:
English

CO-SPONSORS:
AEA and
Electronic Business

In cooperation with:

RAI Gebouw bv of Holland

U.S. Electronics Industry
Japan Office

Japan Electronics Show
Association

Osaka Chamber of
Commerce and Industry

EDN magazine

Elektronica of Holland

Plesman Publications of
Canada

Kaoro Kubo, vice president and general manager of NTT
International. “The Japanese telecommunications industry:
Opportunities for foreign suppliers”

Kazuhiko Kobayashi, manager of the Systems Engineering
Division of Hitachi Ltd. “Factory automation in the Japanese
computer industry”

Hiroshi Komiya, head of the Saijou Works, Mitsubishi Electric
Corp. “Manufacturing technology in the semiconductor industry”
Bill Totten, president of Ashisuto K.K. “The Japanese market for
U.S. and European software”

David H. Johnson, senior manager for Network Systems Sales,
AT&T International. “Opportunities for U.S. communications
manufacturers in Japan”

Dinker Bir, vice president of technology at Northern Telecom
Japan Inc. “Trends in telecommunications”

Pat O’Malley, strategic marketing director for the Semiconductor
Sector at Nippon Motorola Ltd. “The Japanese semiconductor
market”

Gen Narui, regional manager for Educational Services at Nihon
Digital Equipment Corp. “Recent developments in artificial
intelligence at DEC”

Stephen Donovan, representative director of Monolithic

Memories K.K. “Selling niche products in Japan”

Shohei Kurita, Tokyo editor for Electronic Business, author.

“The Fifth Generation Computer Project”

Gene Norrett, vice president and director of the Semiconductor
Industry Group, Dataquest Inc. “Electronics trends among countries

on the Pacific Rim”

Alberto Socolovsky, associate publisher and editorial
director of Electronic Business. “Structural differences between
the U.S. and Japanese electronics industries”

Speaking on “Trends in consumer electronics’:

Nobuyoshi Yokobori, manager of the R&D Planning
Office, Corporate Engineering Division, Matsushita Electric

Industrial Co. Ltd.

Masaru Yamano, executive vice president, Sanyo

Electric Co. Ltd.

Tadashi Sasaki, corporate management advisor, Sharp Corp.
Nobuo Tateishi, executive vice president, Omron Tateishi

Electronics Corp.

REGISTRATION FORM
NAME
COMPANY
ADDRESS
CITY STATE ZIP
y o TELEX FAX
NUMBER TO ATTEND
[ ] PAYMENT ENCLOSED EDNOS1487

Please return your registration to:

IN USA.:

Ms. Florence Lewis
American Electronics Assoc.
5201 Great American Parkway
Santa Clara, Calif. 95054
Tel: (408) 987-4200

IN CANADA:

Ms. Sharon Raspin

Plesman Publications

2 Lansing Square, #703
Willowdale, ON. M2J 5A1
Tel: (416) 497-9562

IN JAPAN:

Mr. Steve Weiner

U.S. Electronics Office
Kioicho Nanbu Bldg., 3F

3-3 Kioicho,

Chiyoda-Ku, Tokyo

Tel: (03) 237-7195

IN HOLLAND:

Nippon Express Nederland bv
Pamassutoren Locatellikada 1
1076 AZ Amsterdam

Tel: (020) 79 27 77
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WHO HAS 1000 PAGES

OF SMART POWER ANSWERS
TO MOTION CONTROL
PROBLEMS?

The brighter your smart power source, the better control circuits, input latches, even 2 D/A converters
your solutions to motion control prob- b for microstepping.
lems. In terms of useable Brushless motor driving. The
information, the 6230 contains all the commutation

SGS Motion logic and power driving stages
Control for a three-phase brush-
Application less DC motor. Special fea-
Manual out- tures include low EMI
shines them all. and a three-state output
This compre- stage design that

hensive reference
work contains hun-
dreds of pages of
motion control appli-
cation hints and smart
power application spe-
cific integrated circuits.
Here's a sampling of the £
invaluable information you ¥ QY tions.
can get:
Stepper motor driving. Take
a close-up look at the L6217, a
chip containing everything you
need to control and drive a two-
phase bipolar stepper motor from DC and 50V susfaining voltage. The
your micro bus: two full bridge out- L6221 includes predriver stages allowing it fo be
put stages, 8 output clamp diodes, chopper current driven directly from a micro or any standard logic device.

educes dissipation.
Solenoid driv-
ing. The L6221
Darlington
array is one

darray is rated at1.8A

©1987 All Rights Reserved. SGS is a registered trademark of SGS. The Brighter Power is a frademark of SGS.
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ed power design throughout the industry. That's w ,ASGS‘
r driver, the L296 switching requlator, and many others have

| partner when customers need to com-
frue archifectural skills and

covers the whole range
ncludes world lead-
g, solenoids
> proof is in our
Control Applica-

| If you are a designer
tion control field, then
afford not to have

your business card
heck for $15.00




Faster!

CMOS at speed.

A few more fast, fast
reasons to call for our
new databook:

4+ 1.New 64K SRAM. 25ns. Seven configura-
4 S tions—including bit-wide, nibble-wide, byte-
wide, separate I/0, and all with low, low, power.
As low as 50 mA active at 45ns.

2. New 128K Reprogrammable PROM. 45 ns.
100 mA active, 30 mA standby.

3. New 64 x 9 and 64 x 8 FIFOs. 35 MHz.
Virtually no bubble through. Cascadeable.

4. Fastest 22V10 Reprogrammable PLD. 25ns.
55 mA. And we have the board to turn your PC
into a PLD/PROM programmer, too!

5. High speed CMOS SRAM.

QWOS 6. High speed CMOS PROM.
Soog 7. High speed CMOS PLD.
8. High speed CMOS LOGIC.
Fabricated and assembled in our
DESC-certified U.S.A. facilities.

is databook; packed with high speed,

A1-800-423-4440 (In C4), Ask for Dept. (D2
(3 2) 2-672-2220 (In Europe)

2-.__‘\_-: s gtlt
—— = (CYPRESS

= & SEMICONDUCTCR

We illustrate the Lockheed SR-71 Reconnaissance aircraft, holder of the world’s air Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134.
speed record: 2,193 miles per hour. We're fond of speed records. Over 30 of our parts Phone (408) 943-2666 Telex 821032 CYPRESS SNJ UD, TWX 910-997-0753
have broken or still hold speed records for integrated circuits. PAL is a registered trademark of Monolithic Memories, Inc.

©1987 Cypress Semiconductor




EDITORIAL

The hole-in-the-foot gang

The US government is finally taking a firm stand on its Japanese trade
imbalance, although it’s shooting itself in the foot by doing so. Recently,
Secretary of Commerce Malcolm Baldrige exerted Cabinet-level pressure
that eventually crushed Fujitsu’s purchase of Schlumberger’s interest in
Fairchild. Often overlooked in the aftermath of the aborted deal is one of
Baldrige’s explanations. It seems he didn’t want Fujitsu to get into the US
supercomputer market while Japan keeps American-made supercomputers
out. Secretary Baldrige isn’t alone in worrying about the market for
US-built computers. Senator Howard Metzenbaum (D-OH) had similar
concerns; the Fujitsu-Fairchild deal, he feared, would have let Fujitsu
dominate the US supercomputer market.

Unfortunately, because we lack clear international trade goals and any
plans to establish them, the US government goes out of its way to hand
many supercomputer orders to competitors such as Fujitsu and NEC. For
example, a White House export-control group vetoed the sale of a $20
million Cray Research 4-CPU supercomputer to India. India’s Meteorologi-
cal Center wants to duplicate a Cray computer system already used in
Europe for weather research. The US will allow India to buy a scaled-down
dual-processor version of the 4-CPU model. NEC, however, has also offered
the Indians a dual-processor supercomputer, and the Japanese electronics
giant has received from the Indian government a letter of intent to purchase
another supercomputer system as well. And India isn’t the only country
that wants supercomputers.

The Commerce and Defense Departments are now arguing over whether
or not to sell relatively old and obsolete technology to Iran. It appears the
Iranians liked our TOW missiles so much that they have asked to buy our
computers too. Specifically, they want DEC PDP 11/70, 11/84, and 11/73
computers for their electric-power authority and their press agency. The
Commerce Department favors the sale, while the Defense Department
opposes it. Look at it this way: If the sales deal stalls, the Japanese may
dominate the world market for obsolete minicomputers. No comments yet
from Baldrige or Metzenbaum.

As these events illustrate, trade policies are often inconsistent and
diverge from current political and economic needs. Therefore, we must
carefully and clearly redefine our international-trade goals so that we can
apply them in a consistent manner. We can start by establishing a single
committee that would identify inconsistencies in our policies and, after
public debate, reorganize and administer those policies.

We need to get on with competitive international trade. It is senseless to
divide the responsibility for major trade decisions among organizations that
cannot resolve problems resulting from clashes between their parochial and

conflicting policies.

Jon Titus
Editor
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HP’s integrated
CAE/CAD

The HP DesignCenter
offers integrated CAE/CAD
software tools that accelerate
the design process from idea
to test. These tools, which
run on the HP 9000 Series 300
technical workstations,
improve productivity and
communication throughout
the product development
process. So engineers can
design faster and get prod-
ucts to market quickly.

Analog and digital
design on one system
Both digital and analog
designers can use the same
HP design capture system,

helping you to maximize
return from your CAE/CAD
investment. The system offers
a number of features that
help speed design, including
a consistent environment of
component libraries and
schematics; hierarchical de-
sign entry; integrated docu-
mentation; on-line electrical
rule checking; automatic
component selection; and
links between external design
tools and design capture.

Faster microprocessor
software development
You get HP computer-
aided software engineering.
And some of the most ad-
vanced hardware and software

integration tools available, in-
cluding real-time emulation
for over 40 processors. These
tools let engineers tap the
power of HP's microprocessor
development environment to
speed product development.

There's even a link to de-
sign capture from micropro-
cessor system development
SO engineers can transfer
programs directly to simula-
tion, reducing both simulation
setup time and the possibility
of manual-entry errors.

Advanced PCB design
tools for a head start in
manufacturing

HP's automated printed
circuit design system helps

Accelerate your product
from idea to design and

Go from engineering design DRDODOODDOODDODOODDDDDI

EDN May 14, 1987



turn engineering ideas into
finished printed-circuit boards
quickly. And gives you the
assurance that boards will
match the approved design
from engineering and be
practical to manufacture.

You get a link from sche-
matic capture to PCB design
for highest design integrity,
and system features that
optimize designs for your
actual manufacturing envi-
ronment. The result is reduced
manufacturing costs, higher
yield, and improved reliability.

You can also transfer net-
list and part information from
PCB design to HP's board test
system, ending manual-entry
hassles and errors.

HP DesignCenter:our
commitment to CAE/CAD
HP's CAE/CAD tools are
part of HP DesignCenter . ..
a powerful product develop-
ment environment that unites
the activities of electronic,
mechanical, and software
engineers through integrated

systems, software, and support.

For all the facts, call your
local HP sales office listed in
the telephone directory white
pages. Or call 1-800-447-3282
(in Colorado call 590-5540
collect) for free literature on

our CAE/CAD solutions.
(/‘ HEWLETT
PA PACKARD

development

Lest:
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EMBEDDED
@]

VVHE THER

YOURE READY
ORNOIL

Whether you're
using Common
Command Set
(CCS) or not. It
— doesn't matter. Because
we've got a series of high capacity
5%" Winchester drives that you can use right
now. And, in most cases, without any driver software
changes. Without any delays. The Toshiba MK-150

60

Series. The most easy to integrate trio of 514" hard
drives on the market today.

What makes them so easy to integrate is a little
switch our engineers built in for your convenience. It
lets you change to an embedded SCSI drive without
changing your present SCSI unique command set. Or,
if you want to start using CCS, just flip the switch.
Either, or. Now or later.

And we've got the drives now. All three of
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them. With capacities up to 173 megabytes. And a fast So don't delay. You can put off the decision to
average access time of 25 milliseconds. All withavery  go to CCS but you don't have to put off the benefits of

high 30,000 hour MTBF. The kind of reliability that going to embedded SCSI. Just go with Toshiba.
Toshiba is famous for. For more information call 408-727-3939. Or
And of course they come with all the support write Toshiba America, Inc., Disk Products Division,

Toshiba is famous for, too. Fast evaluation unit delivery. 3910 Freedom Circle, Suite 103, Santa Clara, CA 95054.

Responsive technical assistance. And if embedded We're ready and waiting. Even if you're not.

SCSI's not your game, the MK-150's are also

available with an ESDI interface. WORLD-CLASS QUALITY. WORLD-CLASS SUPPORT.
DISK PRODUCTS DIVISION © 1986 Toshiba America, Inc.
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The

timeisripe
for your
megabit move.

NEC announces
the fastest 1 Megabit
CMOS DRAM.

You waited till 1 megabit DRAM tech-
nology reached maturity. Now it's time
to move. NEC, the world leader in
memory production, gives you 80ns

Computers and Communications
62

access time and CMOS technology in a
1 megabit DRAM. You can't find this
high-capacity, high-speed, low-power
combination anywhere else.

Why move up from 256K? Because
now you get fourfold capacity with 25%

less power consumption.

Our megabit memories

feature a 1.0u CMOS

process, 2-layer poly- ‘
silicon wiring and m ,

trench capacitor design.

Choose from three families with
1-bit organization or two families with
4-bit organization. All give you three
speed options: 80/100/120ns. And a
wide range of packages: plastic DIP,
ZIPand SO/ for surface mounting.
Supply voltage is 5V +10%.

Find out how you can
put the squeeze on the
competition by moving
up to NEC’s 1 megabit
DRAM, today.
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For further infc

please

Device Organization Speed Mode Package BUSR. 'Tel:415.960.6000. TWX: 010-370-6085
uPD421000C o DIP | Wi Woomay
pPD421000LA Fast page 26-pin SQO]J ~ Tel:0211-650302. Telex:8589960 NE D.
#PD421000V | 20-pin ZIP Tel040-443.845. Telex:51923 NEC B NL.

wPD421001C | 18-pin DIP ~ Sweden e et
uPD421001LA | IMx 1 Nibble 26-pin SOJ . :ﬂi*’wﬂ!ﬂ@,@sﬂ"s-_
#PD421001V 20-pin ZIP Tel'1- 3046-9617. Telex:699499 NEC EF.
4PD421002C 18-pin DIP iy

wPD421002LA 80/100/120ns | Static column 26-pin SOJ DTN Telnc TS NECETL
#PD421002V 20-pin ZIP ~ Tel:0908-691133. Telex:826791 NECUK G.
uPD424256C 20-pin DIP mAsia  HomgKong

wPD424256LA Fast page 26-pin SOJ o 155.9008. TolaaS4561 K NEC HX.
1PD424256V 256K x 4 20-pin ZIP Tel:02-522-4192. Telex:22372 HK NEC TP.
WPD424258C 20-pin DIP Singapore

#PD424258LA Static column | 26-Din SO] g0 Rent o 00 NECST RS,

wPD424258V 20-pin ZIP ~ Tel:03-267-6355. Telex: AA38343 NEC BCD.
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N: Scanning the future.

Chinon’s design engineers have a serious
commitment to produce the most technologically
advanced products that the mind of man can
imagine.

That commitment has created subsystems,
peripherals and components that could change the
way we think about computers—and change the
way computers are used.

The Scanner and the CD-ROM units
pictured here are the types of products that
continually move the leading edge forward. The
Scanner could change the way business works by
making true OCR technology more affordable and
easier to use than ever before. The unique scanning
head design means that the document to be
scanned remains fixed, unlike other scanners that

64 CIRCLE NO 101

can only accept a single sheet fed through the unit.
It is also extremely compact and lightweight, and is
designed to set new standards of cost-effectiveness.

CD-ROMS can provide users with access to
databases that, only a few years ago, were possible
only with a mainframe system.

Technology is still moving as fast as the best
minds can advance it. At Chinon, our commitment
to that progress keeps our products at the very
forefront of the leading edge. We're bringing the
future of computing to the needs of today.

CHINON

Chinon America, Inc., 6374 Arizona Circle
Los Angeles, CA 90045 (213) 216-7611 FAX: (213) 216-7646

EDN May 14, 1987



TECFINOLOGY UPIDATE

Improved analog switches and multiplexers
bring benefits to old and new applications

Peter Harold,
Ewropean Editor

Process improvements, particularly
in the integration of CMOS logic and
double-diffused MOS (DMOS) ana-
log switches onto a single chip, have
resulted in analog switches and mul-
tiplexers that offer lower on-resist-
ance, reduced leakage currents,
faster switching, and reduced power
consumption compared with their
predecessors. The combined effect
of reduced on-resistance and re-
duced internal capacitance has
yielded devices with analog band-
widths as high as 300 MHz. Im-
provements in breakdown-voltage
tolerance have allowed manufactur-
ers to produce analog switches with
a signal range of =70V and multi-
plexers capable of handling =50V
signals. In addition, the new multi-
plexers can withstand overvoltages
on their analog inputs without dam-
aging themselves or their signal
sources.

The new parts serve in a range of
traditional applications, from low-
level, precision signal switching to
high-frequency switching, and some
have inspired new applications—for
example, in power switching and
industrial control. For precision sig-
nal switching, Siliconix’s DG Series
analog switches and multiplexers
have formed the template for a
range of industry-standard devices,
now available from several alternate
sources. Some manufacturers have
taken advantage of advances in pro-
cess technologies to produce im-
proved versions that are pin- and
function-compatible with the DG
Series parts.

Siliconix itself has introduced two
such parts—the DGP201A and
DG571. The DGP201A quad spst
analog switch features an improved

EDN May 14, 1987

These quad spst analog switches, the ADG201A/202A and ADG221/222 from Analog Devices,
feature approximately half the on-resistance and twice the switching speed of earlier
pin-compatible parts.

leakage current compared with the
company’s original DG201A device.
Tested on *=16.5V supplies with
+15.5V  analog signals, the
DGP201A’s source and drain off-
state leakage currents over the full
operating temperature range are 1
nA max for devices that operate
over the —40 to +85°C extended
industrial-temperature range and
10 nA max for military-tempera-
ture-range (=55 to +125°C) de-
vices. These figures compare with
100 nA for the original DG201A.
The DGP201A also specs a 50-pC
max charge-transfer error (or
charge injection) at 25°C, plus a
100-nsec max switching-speed vari-
ation and a 150 max on-resistance
(Ron) variation between different
switches in the same package over
the ful] operating ranges—specifica-
tions that don’t exist on the DG201A

data sheet. In addition, DGP201A
devices are tested over a *£10.8 to
+22V supply range, with several
parameters tested for every device
in each production run, to ensure
thorough evaluations of your de-
sign. Prices range from $5.22 to
$40.04, depending on the package
type and grade (all prices quoted in
this article are for quantities of 100
unless otherwise specified). You can
obtain these devices processed to
MIL-STD-883 requirements.

Switch handles =50V

The DG571 quad spst analog
switch is pin-compatible with the
DG201A, but it handles input volt-
ages as great as =50V. For input
signals between —50 and +30V, the
military version features an on-re-
sistance of 75() max, and the com-
mercial (0 to 70°C) and extended-
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400MS/s ADC’s
8 bitby 1 K
5 nanosec glitch capture

The cost of speed
just went down.

Before now, if you wanted a high
speed digital storage oscilloscope
that didnt sacrifice accuracy, you
had to pay an incredibly high price.
Not any more. Because Gould's hot
new 4070 series is here. Breaking
the speed and price barrier with a
super fast, super accurate instrument
that starts at the unheard of price

of $7990.
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2 or 4 channels. Incredible
speed and accuracy.

Available in 2 or 4 channels, the
4070 DSO comes with 400 MS/s, 8 bit
ADC’s per channel. It's also the first
portable DSO able to capture single
shot signals to 100 MHz bandwidth
(35 nanosec risetime). Plus Gould'’s
low noise, low jitter design assures
high measurement fidelity.

User Friendly.

Even if you've never used a DSO
before, youll find the 4070 easy to
operate. As a bench instrument it
offers familiar functionality, four
reference set ups and a convenient
Auto Setup™ feature that automa-
tically determines instrument settings
for quick acquisition and display of
unknown signals.

Built-in plotter and more.
There’s also an optional integral four

CIRCLE NO 104

pen digital plotter for convenient hard
copy documentation of test results.
Full programmability, including front
panel controls and menu selections
over the IEEE-488 or RS423 bus. A
170 keypad option that quickly
converts it into a powerful signal
analyzer. Exclusive triggering capa-
bilities and so much more.

So, if you want a full function DSO
with speed, accuracy, and a low
price, or information on any of
Gould's oscilloscope, logic analysis,
or recording products, call 1-800-
GOULD-10 or write Gould Inc.,

Test and Measurement, 3631 Perkins
Avenue, Cleveland, Ohio 44114.

== GOULD

Electronics
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industrial versions spec an
on-resistance of 60{) max over the
full operating range (40Q) max at
25°C for all versions). The devices’
quiescent power consumption is 270
pW max. Unlike the DG201A and
DGP201A, which have TTL-com-
patible inputs, the DG571 requires
input-low and input-high levels of
=3.5V and =11.5V—compatible
with CMOS logic operating from
15V supplies. Prices for the three
grades range from $10.46 to $25.94.

Siliconix has recently extended
the DG Series analog switches with
the DG400 through DG405, DG411,
DG412, and DG413 devices. The

DG400, -01, -02, -03, -04, and -05 are

analog switches providing one spst,
two spst, one spdt, two spdt, one
dpst, and two dpst switches per
package, respectively. All nine new
devices feature a +15V input-signal
range. The maximum full-tempera-
ture-range Roy is 35Q for the mili-
tary versions and 50€) for the ex-
tended-industrial parts (25Q and
30€) max at 25°C). The turn-on time
(ton) is 125 nsec max, and the turn-
off time (torr) is 75 nsec max at
25°C. The military and extended-
industrial versions consume respec-
tive maximum supply currents of 1
and 10 pA from both the positive
and negative supplies. The spdt ver-
sions guarantee make-before-break
operation. Prices for the DG400/05
group range from $2.13 to $20.74,
depending on the grade and re-
quired switch configuration. ,

The DG411 and DG412 are quad
spst analog switches with normally
open (NO) and normally closed (NC)
switches, respectively. The DG413
has two NO and two NC switches in
the same package. In most cases,
the switch specifications of all three
devices are similar to those of the
military versions of the DG400/05
group. Prices range from $3.51 to
$26.97, depending on the grade and
the package. The DG400/05 group
and the DG411, DG412, and DG413
are available processed to MIL-
STD-883 requirements.

The $3.15 ADG201A and $2.95
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Capable of handling =50V signals, the [H9108 8-channel multiplexer from GE-Intersil
features a source off-state leakage of 2 nA and a drain offlon-state leakage of 15 nA.

ADG202A quad spst analog
switches from Analog Devices are
functionally compatible with their
DG201A and DG202 counterparts,
but they feature approximately half
the Ron. The maximum full-temper-
ature-range Ry value for the mili-
tary, industrial (=25 to +85°C), and
commercial ADG201A and
ADG202A is 145, compared with
250Q) for the original Siliconix
equivalents. Switching times are
approximately twice as fast; at
25°C, ton is 300 nsec max and topr is
250 nsec max. Analog Devices also
supplies the latched-digital-input
versions of these switches, the $2.56
ADG221 and ADG222. Other recent
introductions include the
AD7590DI, AD7591DI and
AD7592DI, all of which cost $4.95.
These parts are pin-compatible,
latched-digital-input versions of the
AD7510DI Series overvoltage-pro-
tected analog switches.

Maxim Integrated Products’
DG201A, DG211, DG202, and
DG212—all quad spst analog
switches—have static and dynamic
switch specifications that closely
match those of the Siliconix’s origi-
nals. What distinguishes the Maxim
parts is a maximum current from

their positive and negative supplies
of 100 pA, suiting them for use in
battery-powered and portable
equipment. This figure compares
with respective positive and nega-
tive supply currents of 2 and 1 mA
max for the Siliconix DG201A and
DG202, and 0.48 mA max for both
supplies of Siliconix’s DG211 and
-212 members of the series.

In addition, the Maxim parts are
specified for operation with supplies
ranging from *4.5 to *18V, and
unlike most DG211 and DG212 de-
vices, the Maxim DG211 and DG212
don’t require an additional 5V rail to
supply their logic circuitry. The
Maxim parts are also guaranteed
not to latch up if the power supplies
are removed with the analog signals
still connected, although you must
still take steps to limit the current
that flows under such conditions.

By any other name . . .

The Maxim DG201A and DG202
are also available under the Maxim
part numbers MAX331 and
MAX332, respectively. The $8.80
MAX331 and MAX332 are available
only as military components. The
DG201A comes in commercial, ex-
tended-industrial, and military ver-
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sions and ranges in price from $3.15
to $8.58. The DG202, available as a
military, industrial, or commercial
component, ranges in price from
$3.55 to $8.80. The $1.60 DG211 and
DG212 are available only as com-
mercial-grade parts.

The improvements made in ana-
log-switch technology have also ap-
peared, naturally enough, in the lat-
est analog-multiplexer products.
Siliconix, for example, has added
the DG568 and DG569 high-voltage
devices to its multiplexer family.
The DG568 handles eight single-
ended (SE) channels, and the DG569
handles four differential channels.
Both parts range in price from
$14.13 to $33.67, and both can han-
dle =50V analog signals. For input
signals between —50 and +30V,
these multiplexers spec a maximum
full-temperature-range Ron of 75Q)
for the military version and 60() for
the industrial and commercial de-
vices (40Q) max at 25°C for all de-
vices). The multiplexers have on-
chip latches with CMOS-compatible
inputs to simplify the interface to
wP systems.

GE-Intersil also offers a =50V,
8-channel multiplexer. The TH9108
is pin- and function-compatible with
the DG568. Switch specifications for
both devices are approximately
equivalent, except that the military
version of the former offers im-
proved leakage-current specs. At
25°C (the preliminary TH9108 data
sheet doesn’t include figures for the
full temperature range), the source
off-state leakage, drain off-state
leakage, and drain on-state leakage
are 2, 15, and 15 nA, compared with
figures of 5, 25, and 20 nA for the
Siliconix DG568. Commercial, in-
dustrial, and military versions of the
ITH9108 cost $25.45, $30.45, and
$50.70, respectively.

For applications that don’t need to
handle signals greater than =15V,
but that need protection against ab-
normal input voltages—for exam-
ple, in data-acquisition systems
where you have limited control over
noise- and fault-induced input over-
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Analog inputs of £35V, when applied to unpowered MAX358, -359, -368, or -369 8-channel

(SE) and 4-channel (differential) multiplexers
result in less than 200 pA of input current.

from Maxim Integrated Products, typically

voltages—you can obtain multiplex-
ers that suit the task. Harris Semi-
conductor provides input
overvoltage protection on its HI546
through HI549 multiplexers. These
versions of the company’s HI506A
through HI509A devices guarantee
7% max channel-Roy matching with-
in the same device. Products in the
HI546/549 group range in price
from $7.90 for a commerecial version
to $84.75 for a military part pro-
cessed to MIL-STD-883.

All these devices withstand over-
voltages on their analog inputs as
great as 20V above the positive sup-
ply rail or below the negative supply
rail; that is, when they’re operating
from =15V supplies, the multiplex-
ers are protected against overvolt-
ages as great as +35V. More impor-
tant, unlike other manufacturers of
parts that incorporate overvoltage
protection, Harris guarantees that
such overloads won’t disturb the sig-
nal-handling performance of other

multiplexer channels within the de-
vice. In a data-acquisition system,
this feature can be a very important
one, because it enables you to con-
tinue monitoring a system even
when one of the signal sources de-
velops an overvoltage fault.
Because the input impedance of
an overvoltage input is approxi-
mately 1 k(), however, the input
may draw several milliamperes of
current from the signal source dur-
ing overload conditions, and you
must consider the resulting power
dissipation, both with respect to the
signal source’s capabilities, and
with respect to the allowable power
dissipation in the multiplexer. In
addition to handling overvoltage sig-
nals, the Harris parts also provide
an input impedance of approximate-
ly 1 k{, even if the multiplexer’s
power supplies are removed while
input signals are still present.
Maxim Integrated Products takes
this measure of protection one step
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Its the smart solution
in more ways than one,

If you've beenlookingferfront. [ = =y o aioa. |

panel features to lift your products out Take a good look.

of the ordinary, your search is over!

Sample HP’s smart Alphanumeric Display
Take a look at Hewlett-Packard'’s

|
‘ for just $10.00. Order from Monte Smith,
new red and yellow HDSP-211X series , Hewlett-Packard, Components Group, 370
dot matrix displays. Only HP offers ] West Trimble Road, Mail Stop 91-1G, San
you highly readable, 8-character, | Jose, CA 95131. Make checks payable to
end-stackable units with seven soft- | Hewlett-Packard Company.

|

|

|

|

ware-driven brightness levels, a full 128 | NAME
ASCII character set, sixteen user- TITLE
definable, flashable characters, plus

COMPANY

full display blinking.

And...the drivers are built in to
give you the space savings and short
design time you want. 2 S

The price? At only $36 apiecein | C/TY/STATE/ZIP
quantities of 2507 it’s a value that's hard | APPLICATION
to beat. | CHECKONE: 0 HDSP-2111 (YELLOW)

| EDNostés? OHDSP-2112 (RED)  ccosvoz

ADDRESS/MAIL STOP.

To order, call your authorized Hewlett-Packard components distributor. In the U.S.: Almac Electronics,
Hall-Mark, Hamilton/Avnet, or Schweber. In Canada: Hamilton/Avnet or Zentronics Ltd. For

more information, call the Hewlett-Packard sales office listed in your telephone directory white pages
and ask for the Components Department. *U.S. List price.

CG08702

|
|
|
|
|
|
|
|
|
|
|

()

HEWLETT
PACKARD
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further. On its HI508A and
HI509A, and on its HI508L and
HI509L latched-digital-input ver-
sions (which are all pin compatible
with the corresponding Harris
parts), an overvoltage condition on
any input channel causes that chan-
nel to turn off. The input current is
limited to 10 wA max for the com-
mercial device and 5 pA for the
military device.

If the multiplexer’s power sup-
plies are removed when analog input
voltages are still present, all chan-
nels turn off and input currents are
limited to 5 and 2 pA for the com-
mercial and military components,
respectively. Unlike other pin-com-
patible parts, these Maxim multi-
plexers are specified to operate from
supplies in the +4.5 to £18V range,
and they offer reduced power con-
sumption (for example, the military
versions of the 508A and 509A con-
sume 0.7 mA max for the positive
supply and 0.2 mA max for the
negative supply).

Prices for the Maxim HI508A and
HI509A start at $7.35 for a commer-
cial-grade component and $17.35 for
a military-grade component. The
HI508L and HI509L versions sell
for $7.95 to $18.75. The company
also offers the devices as the
MAX358, -359, -368, and -369. In
addition, Maxim offers versions of
the Intersil DG508A and DG509A
with reduced Ron, reduced leakage
currents and power supply cur-
rents, and faster turn-on and turn-
off times after assertion of the
enable input.

If your application calls for the
routing of high-frequency signals—
for example, on video or RF chan-
nels—you’ll welcome the recent in-
troduction of analog switches and
multiplexers that handle the re-
quired switching with acceptable
levels of off-state isolation and cross-
talk. In order to achieve sufficient
off-state isolation at high frequen-
cies, nearly all these switches and
multiplexers employ T-switch con-
figurations, which provide a shunt
path to ground for those ac signals
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A 3-dB bandwidth of 250 MHz distinguishes the CDG221 spst analog switch from Topaz
Semiconductor. The device also specs off-state isolation figures of 100 and 200 MHz at 37 and

22 dB, respectively.

that break through from the input
when the switch is open.

GE-Intersil’s 16-pin IH5352 quad
spst RF/video switch and 14-pin
IH5341 dual spst RF/video switch
have a 100-MHz typ 3-dB band-
width. The maximum full-tempera-
ture-range Ron is 100Q for *+5V
inputs. For an individual switch
operating at 10 MHz with 750
source and load impedances, both
the off-isolation and the cross-coup-
ling rejection ratio (or crosstalk) be-
tween a driven on-state switch and
an off-state switch output are 60 dB
typ. The IH5352 is priced from
$7.75 to $15.50; the IH5341, from
$3.90 to $8.90. (The price depends
on the grade for both.) Maxim pro-
duces pin- and function-compatible
devices under the same part num-
bers, but these devices spec a mini-
mum off-isolation of 70 dB; the
cross-coupling rejection ratio is 70
dB for the Maxim [H5341 and 66 dB
for the Maxim IH5352.

Topaz Semiconductor’s $2.45

CDG201B, which is pin compatible
with the DG201, is also suited to
switching high-frequency signals.
The switch’s on-state insertion loss
of approximately 0.5 dB into a 1-kQ)
load, or 5 dB into a 50€2 load, exhib-
its a typical roll-off of less than 1 dB
at 100 MHz. At 10 MHz the mini-
mum off-state isolation rejection
ratio of the switch is 60 dB with a
50Q) load, and under similar condi-
tions the channel-to-channel cross-
coupling rejection ratio is 80 dB typ.
The switch’s source and drain capac-
itances are 3 and 0.3 pF, respective-
ly. For analog signals between —10
and +2V, the switch’s Ron is 1202
max at the device’s maximum oper-
ating temperature of 85°C (802 max
at 25°C). The CDG201B’s control
inputs are TTL compatible.
Topaz’s $2.30 CDG308 and
CDG309 quad spst analog switches
target applications similar to those
served by the CDG201B, but they
have CMOS-compatible inputs and
faster switching times (250-nsec
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max toy and 220-nsec max torr, cOm-
pared with 600- and 300-nsec max
for the CDG201B). The off-state iso-
lation rejection ratio is 60 dB min at
10 MHz with a 50Q load. In addi-
tion, the devices have a quiescent
supply current (that is, the current
drawn when all switches are off) of
only 100 nA typ (500 nA max) at
25°C.

Topaz’s $3.90 CDG4308 and
CDG4309 analog switches use the
same respective dies as the CDG308
and CDG309, but the -4308 and the
-4309 come in 20-pin rather than
16-pin packages. The 20-pin pack-
age allows for an additional uncon-
nected pin between each switch’s
input and output, providing an extra
6 dB of off-state isolation. For all
these devices the analog signal
range is limited to =10V when the
devices are operating from *15V
supplies.

The company’s $3.76 CDG5341, a
14-pin, CMOS-compatible dual spst
analog switch, has a 50 MHz min
3-dB bandwidth. When the device is
operating at 10 MHz with a 50()
load, both the off-state isolation and
cross-coupling rejection ratio are 80
dB min. In contrast, the company’s
$1.25 CDG2214, a CMOS-compati-
ble spst analog switch housed in an
8-pin miniature DIP, has a 3-dB
bandwidth of 250 MHz and offers a

minimum off-state isolation of 37 dB
at 100 MHz and 22 dB at 200 MHz
with a 501 load.

Muxes for professional video

Siliconix has recently introduced
two 16-channel video multiplexer
products, the DG536 and the lower
cost DG535. Targeted at profession-
al, broadcast-quality video applica-
tions, the $19.20 DG536 has an ana-
log bandwidth of 300 MHz. At 5
MHz the device specs a minimum
all-hostile crosstalk level (see box,
“Definitions”) of —60 dB, a multi-
plexer-disabled crosstalk level of
—85 dB typ, and an adjacent-input
crosstalk level of —92 dB typ. The
company achieves the low adjacent-
input crosstalk by providing ground
pins, internally connected to ac
ground, between each analog input
pin.

The $14.40 DG535 is for industrial
markets. It comes in a 28-pin DIP
and lacks the additional ground pins
between the multiplexer inputs. At
5 MHz the multiplexer specs a typi-
cal all-hostile crosstalk level of —60
dB, a typical multiplexer-disabled
crosstalk level of —60 dB, and a
typical adjacent input crosstalk level
of —72 dB.

Maxim offers two 16-pin, 8-chan-
nel RF/video multiplexers, desig-
nated the MAX310 and MAX311.

- Definitions

on-channel input.

“All-hostile” crosstalk is the decibel ratio of the voltage that
appears at a multiplexer output to a stimulus voltage that’s ap-
plied simultaneously to all off-channel inputs. “Multiplexer-disa-
bled” crosstalk is the decibel ratio of the voltage at the multiplex-
er output to a voltage applied simultaneously to all the inputs
with the multiplexer disabled—that is, when all switches are off.
“Adjacent-input” crosstalk is the decibel ratio of the voltage that
appears at off-channel inputs to the voltage applied to an adjacent

These parameters represent the worst-case operating condi-
tions for the multiplexer. You should use caution, however, when
comparing different manufacturers’ devices on the basis of these
figures, because there’s ample scope to massage them by choos-
ing different load-resistor values for the on-channel inputs and
multiplexer outputs, or by modifying the test conditions.

72

Both parts cost $8 to $14.40, de-
pending on the grade. The MAX310
is an 8-channel (SE) multiplexer,
while the MAX311 is configured to
switch four differential-input chan-
nels. At 5 MHz both devices spec an
all-hostile crosstalk of —58 dB typ
with on-channel source and load
resistances of 75Q) (—63 dB if you
reduce the on-channel source im-
pedance to 10€2). At 5 MHz the
multiplexer-disabled crosstalk is
—63 dB typ, and the adjacent-input
crosstalk is —72 dB typ. Topaz’s
$2.30 CDG4500, a 14-pin, 4-channel
high frequency multiplexer, has a
minimum 3-dB bandwidth of 100
MHz and specs a minimum all-hos-
tile crosstalk level of —62 dB at 10
MHz with a 502 load.

Multiplexers capable of handling
high frequencies are suited not only
to analog signal routing, but also to
digital-signal-routing functions. In
some applications they can eliminate
the need for ECL data multiplexers,
with attendant reductions in system
power consumption and cost.

Devices switch 140V p-p

Most analog switches and multi-
plexers find use in signal-switching
applications—for example, in data-
acquisition systems, programmable-
gain amplifiers, and multiplexer sys-
tems—for which such parameters as
leakage currents, Ron, Ron modula-
tion effects, and switching speeds
are the main influences on signal
integrity. Supertex Inc, however,
emphasizes power-switching and in-
dustrial-control applications for its
high-voltage analog switches.

Operating from *=80V supplies,
the company’s HV10 to HV18 ana-
log switches can switch analog sig-
nals as high as 140V p-p. Less ex-
pensive versions for operation from
+70V supplies can switch 120V p-p
signals. The product family includes
direct-input and latched-digital-in-
put 4-channel switches and latched-
input 8-channel switches. Measured
with a switech current of 200 mA,
the 4-channel switches spec a typi-
cal Rox of 15(), and the 8-channel
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switches spec a typical Ron of 250).
The 4-channel switches have a peak-
current rating of 3A per channel;
the 8-channel switches, 1.5A per
channel. All the switches can handle
analog signals from de to 10 MHz,
and they typically provide 45 dB of
off-state isolation at 5 MHz.

The switches incorporate a metal-
masked CMOS-logic array, which
allows the company to provide a
variety of different control mecha-
nisms. These mechanisms include
individual latched digital inputs,
serial data entry into a shift regis-
ter, and 3- to 8-line or dual 2- to
4-line binary decoders for switch
selection. In addition to its 3- to
8-line decoder, the HV14 has a sepa-
rate data input so that you can turn
a selected switch on or off. All the
devices except the HV17 have inter-
nal input latches so that your sys-
tem can load new data without af-
fecting the existing state of the
outputs. The control inputs are com-
patible with CMOS logic operating
from a 10 to 15V supply.

Targeted applications for the
Supertex parts include systems that
require high-voltage ac drive for pi-
ezoelectric devices—for example, in
ultrasound imaging equipment and
ink-jet printers. Because this type
of application often requires the
drive electronics to be built into the
actuator, Supertex offers its
switches in surface-mount packages
and in naked die form as well as in
DIPs. Prices for plastic-DIP ver-

Channel phase-shift matching of less than 1° at 5 MHz suits the MAX310 and MAX311

8-channel (SE) and 4-channel (differential) multiplexers from Maxim Integrated Products
Inc to the routing of composite-video color signals.

sions range from approximately $16
to $19 (1000).

Both Maxim Integrated Products
and Supertex Inc have recently in-
troduced a family of high-voltage
analog switches, designated the
341, 343, 345 and 348 (with a MAX
prefix for the Maxim parts and HV
for the Supertex parts). The Super-
tex 341, 343, and 345 are dual spst,
dual spdt, and dual dpst analog
switches, respectively; their maxi-
mum full-temperature-range Roy is
100Q2. The equivalent spec for the
Maxim parts is 160Q). The 348 has
the same dual-spst configuration as
the 341, but it has a maximum full-
temperature-range Ron of 75() for
the Supertex part and 80Q) for the
Maxim part.

All the switches operate from
split supplies in the =20 to =50V
range, or from single supplies in the
20 to 60V range, and they have an
analog signal range that equals the
supply-rail voltages. The peak cur-
rent rating is 0.5A per switch. The
maximum continuous switch cur-

rent is subject only to the package’s
power-dissipation limits. The manu-
facturers offer commerecial, industri-
al (Supertex), extended-industrial
(Maxim), and military versions of
the parts. Prices from both manu-
facturers range from approximately
$6 to $19, depending on the grade.
The products discussed in this ar-
ticle have been introduced in the
last 18 months, or are slated for
introduction during the second
quarter of 1987. Choosing the right
analog switch or multiplexer, of
course, requires detailed analysis of
all data-sheet parameters, and you
should keep in mind that there are
many earlier parts, from the compa-
nies mentioned above and from
other companies such as Precision
Monolithies Inc and National Semi-
conductor Corp, that may provide
equally good price/performance ra-
tios. EDN
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Analog Devices Inc
One Technology Way
Norwood, MA 02062

10600 Ridgeview Court
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Harris Corp
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Sunnyvale, CA 94086
(408) 737-7600

Circle No 710

For more information . . .

For more information on the analog switches and multiplexers offered by manufacturers
mentioned in this article, circle the appropriate number on the Information Retrieval
Service card or contact the following maufacturers directly.

(617) 329-4700 (305) 724-7000 (408) 721-5000 (408) 744-0100
Circle No 707 Circle No 709 Circle No 711 Circle No 714
GE-Intersil Maxim Integrated Products Inc Precision Monolithics Inc Topaz Semiconductor Inc

(408) 727-9222
Circle No 712

National Semiconductor Corp
2900 Semiconductor Dr
Santa Clara, CA 95052

1500 Space Park Dr
Santa Clara, CA 95050

Siliconix Inc
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Santa Clara, CA 95054
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Supertex Inc
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ESD testing has determined
that delicate MUXes can be
hazardous to your wealth.

©1987, Harris Corporation

Harris OV-

protected MUXes

survive toughest ESD tests!

What'’s your best MUX choice for worst-case
ESD survival? We decided to find out.

The test: We tested dozens of analog MUXes
now on the market to MIL-STD-883 Method
3015.2 procedures using multiple samples and
different lots.

The result: The best performers included
Harris OV-protected MUXes which met
specs even after exposure to more than
4,000 volts. Harris industry-standard
MUXes withstood 3,000 volts. What
happened to the MUXes one com-
pany “guarantees” to meet the

b

WARNING

military’s 2,000 volt requirement? They got
zapped by as little as 200 to 300 volts.

The moral: Perform your own MIL-STD
ESD testing on MUXes before design-in (or
before adding costly extra components), so
field failures don't ground your system later.

The offer: For full test results, call
1-800-4-HARRIS, Ext. 1410 (in Canada,
1-800-344-2444, Ext. 1410). Or write
Harris Semiconductor Products
Division, PO. Box 883, MS 53-035,
Melbourne, Florida 32902-0883.
The end.

‘ “I'm burned up

about MUX
test failures!”’

Next time,

OURNAME IS

HARRIS

FOR YOUR INFORMATION, | éwy o

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

&) HARRIS
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AT&T Single Chip DSPs:
the first and the fastest.




NowAT&Toffers the
worlds first floating
point and fastest
fixed point DSPs.

Only AT&T can give you a
complete single-chip Digi-
tal Signal Processor solu-
tion for all your analog and
digital applications.
Because, only AT&T has a
single-chip floating point
DSP in full production, as
well as the fastest fixed
point DSP available.

Speed and flexibility.
The AT&T DSP32 has a 32-
bit floating format with 24
bits of precision. It has an
on-chip CAU that allows it
to perform like a 16-bit
microprocessor with 32-bit
floating point capabilities.
This makes precision possi-
% ble over a wider range, so

g essential for high tech
applications such as com-
puter aided design, image
processing and speech
compression.

If your requirement is for
faster speeds, our fixed
point DSP16 operates at 75 ns.
It is the first single-chip
DSP to approach “building
block” speeds.

Easier programming,
development

and debugging.

AT&T's DSPs make it easier
to develop algorithm imple-
mentations. Unlike compet-
itive DSPs, AT&T DSPs are

programmed using high
level C-like Syntax, which is
equation-like and much
easier to program. AT&T
also offers a complete
single-board system for the
development and real-time
evaluation of your DSP pro-
grams. Plus, we offer a com-
plete UNIX®* and MS*-DOS
software library for creat-
ing, testing and debugging
applications programs.

Single chip

means savings.

So, whatever your applica-
tions: voice signal filtering,
speech and video signal
compression, spectral anal-
ysis, graphics and
computer-aided design,
AT&T's single-chip DSPs can
cut your development time
as well as cutting power
consumption and board
area.

And, of course, AT&T Bell
Laboratories’ ongoing R&D
will assure you that AT&T
will stay at the forefront of
DSP technology.

For more information,
call 1800 372-2447, or
send the reply coupon.

In Europe, call AT&T
Microelectronics in Munich,
Germany at 089/95970,
Telex 5216884. In Singa-
pore, call 2508422/2533722,
Telex RS21473/RS55038. Let
us show you why AT&T is
the only DSP supplier with
a complete single-chip
solution for all your analog
and digital applications.

I—:\T&T, Dept. 203130-Leads, 555 Union Blvd., Allentown, PA 18103 EDN051487j
| Please send me more information about AT&T’s DSPs. |
| Name |
I Title |
| Company |
| Address |
| City |
| State Zip |
LTelcphone ( ) _I
CIBTATAT *TademakoftheMicrosot Corporation
CIRCLE NO 106

Digital signal

processor seminars.

To find out about AT&T
sponsored and third-party-
sponsored seminars on our
16- and 32-bit DSPs, call us
at1800 372-2447.

«mmm»

ATal

The right choice.
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ANALOG DEVICES’

FIRST REAL

SECOND SOURCE.

Choose identical equivalents (or Maxim improved parts).

AD2710

AD565A 12-Bit DAC
AD566A 12-Bit DAC

12-Bit 3us ADC
+2.5V Ref.
+10V Ref.
Prog. Ref

AD2700 +10V Prec. Ref.

+10V Prec. Ref.

AD2701 —10V Prec. Ref. AD7530 10-Bit DAC AD7574 8-Bit 15us ADC
AD7224 8-BitDAC AD7531 12-Bit DAC Bit 4us uP A
AD7225 Quad 8-Bit DAC AD7533 10-Bit DAC AD7581 8-Bit 8ch. 67us DAS
AD7226 Quad 8-Bit DAC AD7541 12-BitDAC TR e DIRDRENES e )
AD7520 10-Bit DAC AD7541A 12-Bit DAC SoTER Sl
AD7521 12-Bit DAC AD7542 12-Bit uP DAC AD7824 8-Bit dch. ADC
AD7523 8-Bit DAC AD7543 12-Bit uP DAC MAX154 8.Rit 4ch ADG/Int
AD7524 8-Bit Buff. DAC AD7545 12-Bit Buff. DAC AD7828 8-Bit 8ch. ADC
AD7528 8-Bit Dual DAC AD7572 12-Bit 5us ADC MAX158 8-Bit 8c

5X Reduction
in failures
through burn-in

165 Days

Failure Rate

1300 Days

Operating Time (70°C)

Free 100% Burn-in and improved
ESD protection.

Most IC failures occur in the first few hours of operation. We minimize
these failures by improving designs, building the parts better and testing
them to an extent that commercial analog parts have never been tested
before. Every part we make comes with free 24 hr/150°C Burn-in (equivalent
to 165 days at 70°C) and is electrically tested at both elevated and room

temperature. This results in an incredibly low failure rate of 7.5 failures per billion hours of operation. And
as a further hedge against failure, our parts are designed to withstand electrostatic discharge (ESD) of

more than 2000V per pin.

SMD Reliability Comparison
(PCT tollowing Solder Immersion Test)

Hours 20 40 60 80 100

All available in Small Outline packages (SOIC).

Only Maxim offers all these parts in the smallest, most reliable surface-
mounted package, the SOIC. In fact, the failure rate of our 8 to 60 lead
plastic SMD's is several times lower than the rest of the industry. (See chart.)

How do we do it? Advanced package materials. Plus rigorous wafer lot
qualifications. Like 96 hours pressure pot (PCT), 192 hours life test at 150°C.
And a solder immersion test that replicates the thermal shock and stress
of board assembly.

Available for the first time from a distributor near you.

For a free copy of our Data Conversion Databook, call your Maxim representative or distributor today.
And put the second source first.
Maxim Integrated Products, 510 N. Pastoria Avenue, Sunnyvale, CA 94086, (408) 737-7600.

VI AKXV

Distributed by Hall-Mark, Pioneer, Graham, Diplomat and Bell. Authorized Maxim Representatives: Alabama, (205) 830-4030; Arizona, (602) 860-2702;
California, (408) 727-8753, (619) 546-1933; (714) 739-8891; Colorado, (303) 841-4888; Connecticut, (203) 775-0494; Florida, (305) 365-3283; Georgia, (404) 992-7240; |daho,
(503) 620-1931; lllinois, (312) 956-8240; Indiana, (317) 849-4260; lowa, (319) 377-8275; Kansas, (316) 838-0884; Maryland, (301) 583-1360; Massachusetts, (617) 449-7400;
Michigan, (313) 499-0188; Minnesota, (612) 944-8545; Missouri, (314) 291-4777, (816) 356-6340; Montana, (503) 620-1931; New Hampshire, (617) 449-7400; New Jersey, (609)
933-2600; New Mexico, (505) 884-2256; New York, (516) 543-0510, (315) 437-8343; North Carolina, (919) 846-6888; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447
Oklahoma, (918) 832-7747; Oregon, (503) 620-1931; South Carolina, (704) 365-0547; Texas, (214) 386-4888, (512) 451-2757, (713) 778-0392; Utah, (801) 266-9939; Virginia,

(703) 255-5556; Washington, (206) 453-8881; Wisconsin, (414) 476-2790. Canada, (416) 238-0366, (604) 439-1373, (613) 726-9562, (514) 337-7540.

United Kingdom, Maxim UK Ltd., 0735-75255, Dialogue Distribution, Ltd., 0276-682001, Thame Components, Ltd., 084-421-4561, STC Electronic Services, 02-792-6777

Maxim is a registered trademark of Maxim Integrated Products. © 1987 Maxim Integrated Products.
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The mature, yet evolving, technology
of delay lines suits modern requirements

Tarlton Fleming,
Associate Editor

Delay lines, although available since
the 1960s, aren’t much different
from the early versions: Most are
manually assembled, hybrid compo-
nents. Despite no quantum jumps or
significant changes, though, delay
lines don’t suffer from the threat of
obsolescence. Their technology has
evolved and matured, easily match-
ing increases in circuit operating
speed. Because today’s faster sig-
nals require shorter delay intervals,
manufacturers are able to produce
smaller and less-expensive lines.

Most delay-line products are elec-
tromagnetic LC types, with several
cascaded sections. Each section con-
sists of a series inductor and a shunt
capacitor. Delay lines based on LC
sections alone are called analog, or
passive, delay lines (Fig 1a). The
more prevalent types, often called
digital delay modules, add one or
more hex-buffer ICs to produce an
active delay line (Fig 1b).

Whereas passive delay lines can
operate on either analog or digital
waveforms, the digital types are
suitable for use with digital wave-
forms only. Most delay-line applica-
tions are strictly digital, simply be-
cause of the prevalence of digital
systems and because such applica-
tions often use delay lines to elimi-
nate timing skew.

Of the many delay-line manufac-
turers, most offer similar product
lines in which the various DIP, SIP,
and surface-mount packages con-
form to industry-standard pinouts.
Product variations include single-,
dual-, and triple-line devices as well
as variable, multiple-tap, and digi-
tally programmable delay lines.

Technitrol’s digital delay modules
offer a choice of delays spanning 1 to
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Fig 1—A passive LC delay line (a) consists of sections in cascade, each containing a series
inductor and a shunt capacitor. An active, digital delay line (b) includes inverter gates.

500 nsec and include devices com-
patible with most logic families:
ECL, CMOS, and TTL (S, LS, AS,
and ALS). The company guarantees
a delay tolerance for these products
over their specified operating-temp-
erature and supply-voltage ranges
that’s 2% of the maximum delay.

The company’s TTLDL25 delay
line is TTL compatible and provides
five taps of 5 nsec each over the
range of 5 to 25 nsec. (In most
applications you use only one tap,
the one that provides a delay inter-
val closest to what you need.) Avail-
able in a 14-pin DIP as well as in a
14- or 16-pin surface-mount pack-
age, the part sells for $25 (100).
Another member of the same fami-
ly, the 5-tap TTLDL500, provides
100-nsec increments for the same
price.

The manufacturer’s other TTL-
compatible delay modules include
3-tap and 10-tap devices. Further,
you can buy 5-tap devices that are

compatible with 10K ECL or 8-tap
delay lines compatible with 100K
ECL. The 100K ECL parts provide
delays from 1.2 to 200 nsec in incre-
ments as short as 0.5 nsec.

Although few applications require
dynamic control of delay time, test
equipment and systems whose de-
lay-time requirements change dur-
ing operation may require program-
mable digital delay lines. These
products have a single buffered out-
put, and you set the delay by apply-
ing an appropriate input code.

Kappa Networks is one such man-
ufacturer of programmable delay
lines. The 3-bit (eight delay incre-
ments), STTL-compatible PT36 Se-
ries offers delay increments ranging
from 1 to 50 nsec; each member of
the series costs $12.85 (100). Simi-
larly, the 4-bit (16 delay increments)
STTL-compatible PT42 Series pro-
vides delay increments of 1 to 100
nsec. A device in this series costs
$19.95 (100).
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The new TI PROCALC
comes with power windows.

The new TI-95 PROCALC™
from Texas Instruments brings you
unique Power Windows™ as standard
equipment. See how fast, how easily
they bring all the power of this
advanced programmable calculator
to your engineering tasks.

A single keystroke executes

75 7195 PROCALC

BREAK  HALT
AN
FILES STAT CONY NUM

ALPHA. | HELP (ST8%) RUN

Standard.

the function shown in each window.
And you can open the five Power
Windows to more than 200
preprogrammed functions—and as
many user-defined functions as you
need. Reassign them from within
your programs. And enjoy state-of-
the-art capability without hard-to-

Power Windows give you menu-style access to 200 + scientific and engineering functions.

Only the TI-95 PROCALC gives you Power Windows.
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remember keystroke sequences.

Keystroke programming is as
easy as calculating. And PROCALC
saves programs—with as many as
7,200 steps—in Constant Memory™
internal 8K RAM or optional 8K
plug-in cartridges.

An unprecedented set of built-
in scientific functions will speed you
through your daily calculations. But
if you need more, there are options:
statistical and mathematical
software cartridges. A portable
printer. And a cassette interface for
large volumes of data.

See how PROCALC’s Power
Windows set a new standard. Test

drive a TI-95 PROCALC today.

{i,
TEXAS
INSTRUMENTS

™Trademark of Texas Instruments Incorporated
©1987 Tl
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As mentioned, digital delay mod-
ules only work with digital signals,
but passive delay lines are useful for
analog video, radar, and sonar sig-
nals, as well as for digital signals.
Because passive LC lines have no
buffer ICs at the input and output,
they can provide lower minimum
delay times than the digital delay
modules can.

On the other hand, the passive
types introduce a new array of elec-
trical parameters for the designer
to worry about—parameters whose
effects are buffered and hidden
within a digital module. These in-
clude input-to-output attenuation,
characteristic impedance, rise time,
bandwidth, and distortion. Fur-
thermore, some applications require
that you provide compensation for
the passive delay line to achieve a
linear phase response.

Most companies that manufacture
digital delay lines also sell passive
ones. From ESC Electronics, you
have a choice of single- or triple-line
devices and a choice of 5, 10, or 20
taps. Delays per tap vary from 1 to
200 nsec. Package offerings include
14- and 16-pin DIPs; 3-, 7-, and
14-pin SIPs; and surface-mount
types.

PCA Electronics’ passive delay
lines have 10, 20, or 24 taps, provid-
ing tap delays ranging from 1 to 50
nsec. The single-tap EP123 Series
includes devices with fixed delays
spanning 0.5 to 10 nsec in 0.5-nsec
increments, 10 to 20 nsec in 1-nsec
increments, and 20 to 40 nsec in
5-nsec increments. The series even
boasts a 0-nsec device for those de-
signers who decide they don’t need
a delay after all. The company
charges the same—$2.60 (100)—for
any member of the EP123 Series.

In addition, PCA offers a series of
variable passive delay lines, which
suit applications where fixed-tap de-
vices don’t provide enough resolu-
tion. Products in the EPA087 Series
look like multiturn pe-mount trim-
ming potentiemeters and provide
adjustment ranges from 10 to 100
nsec. Each costs $25 (100).
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This monolithic CMOS delay line, a member of the DS1000 Series, has five delay taps, each
laser-trimmed to within 1 nsec of the desired delay value. The manufacturer, Dallas
Semiconductor, claims the device is more reliable than the conventional LC hybrid type shown

in the background (without its cover).

Another form of delay line suit-
able for use only with analog signals
is the charge-transfer device. This
MOS IC shifts an analog signal from
input to output in bucket-brigade
fashion by transferring sample
packets of charge from one capacitor
to the next (Fig 2). Applications for
these delay lines include voice
scrambling, reverberation effects in
stereo equipment, and the genera-
tion of vibrato, chorus, phaser/
flanger, and tremolo effects in elec-
tronic musical instruments.

Each time the &, clock signal goes
high, the input transistor turns on,

charging capacitor Cs with a sample
of the input voltage. Subsequent
clock cycles shift the charge packet
along the chain one stage at a time,
which means that the input-to-out-
put delay depends on the clock fre-
quency and the number of stages.

Charge of the bucket brigade

EG&G Reticon’s delay lines of
this type, for example, have a great
number of stages that let you delay
an analog signal from 300 psec to
more than 4 sec. The RD5106A,
with 256 stages, costs $3.50; the
RD5107A, with 512 stages, sells for

O

&1
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INPUT
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Fig 2—This structure is a bucket-brigade-type of analog delay line, in which a signal in the
form of discrete charge packets shifts one stage along the chain with each cycle of the clock
waveforms ¢, and &.. (Vg is a de voltage that biases the interstage tramsistors, which
minimize the Miller capacitance between stages.)
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IN A SERIES

NEW COMBINATION
MODEM/UART CHIP
FOR INTEGRAL
BUS APPLICATIONS

FEATURES:

* Modem/UART combination
optimized for integral bus
applications

« Stand-alone mode allows full
modem and UART control from CPU
bus, with no dedicated uP required

« Dual-port mode suits conventional
designs using local uP for
transparent modem operation

« Complete modem functions for
1200 BPS (Bell 212A, V.22) and
0-300 BPS (Bell 103, V.21) operation

« Fully compatible 16450/8250 UART
with 8250B or 8250A selectable
interrupt emulation

* CMOS chip operates from single
+ 5V power supply; draws only
75 mW (15 mW with power down)

Silcon Systems’ new K222U
combines the performance and
features of the SSI K222L 1200 BPS
single-chip modem with an industry
standard 8250/16450 UART function
in a single 40-pin chip.

The new modem/UART chip is
opfimized for MS-DOS bus integral
intelligent modem applications such as
porfable or lap-top petsonal computers.
In the stand-alone mode, the modem
functions can be fully controlled
through the 8250 interface, with the
main CPU performing both data
communication and modem control
without the need for an additional
dedicated microcontroller.

For conventional plug-in card
applications, the dual-port mode permits
using a dedicated local microcontroller
with the modem, allowing the modem
function to be transparent to the main
CPU. The 8250 section can also be used
independent of the modem function,
providing an added serial port at no
extra cost when the modem function is
disabled. The modem portion of the
K222U provides all analog functions
needed for an intelligent modem
compatible with 212A/V.22/V.21 Bell
and CCITT standards.

For more information on the new
K222U, or the complete K-Series family
of compatible modem IC’s, contact:
Silicon Systems, 14351 Myford Road,
Tustin, CA 92680,

Phone: (714) 731-7110, Ext. 575.

illcon systems
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$6.30; and the RD5108A, with 1024
stages, is priced at $10.85 (100).
All charge-transfer devices
achieve quantization of an analog
signal without resorting to A/D con-
verters. Because they sample the
signal, it may be necessary to pro-
vide a lowpass filter at the input to
prevent aliasing errors, and to in-
clude a smoothing filter at the out-
put to remove quantization noise.

Something new and different

In a departure from the conven-
tional types of delay lines, Dallas
Semiconductor’s DS1000 Series con-
sists of monolithic CMOS chips, each
of which gives you five delay taps
and delay increments ranging from
10 to 100 nsec. The delay at each tap
is simply the propagation time
through the preceding amplifier
stages.

Patented circuit-design tech-
niques compensate for variations in
propagation time caused by changes
in the operating conditions, and
laser trimming sets each tap delay

within 1 nsec of the desired value.
Prices for this series start around $4
(100).

All-silicon delay lines provide ob-
vious advantages in reliability and
assembly costs, but Dallas Semicon-
ductor faces obstacles in gaining ac-
ceptance for these parts over the
longstanding, entrenched hybrid
types. The company bolsters its
claims by noting that these delay
lines occupy less space (a 5-tap de-
vice fits in an 8-pin miniature DIP)
and provide equal precision for lead-
ing- and trailing-edge delays.

Delay-line customers and users,
however, haven’t yet swamped the
firm with orders. They point out
that the hybrid types do a satisfac-
tory job, provide wider ranges of
delay times and operating tempera-
tures, and are comparable in price
to the passive LC types. EDN

Article Interest Quotient
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High 503 Medium 504 Low 505

the following manufacturers directly.

Dallas Semiconductor

4350 Beltwood Parkway South
Dallas, TX 75244

(214) 450-0400

Circle No 701

EG&G Reticon Corp
345 Portero Ave
Sunnyvale, CA 94086
(408) 738-4266

Circle No 702

For more information . . .

For more information on the delay lines discussed in this article, circle the
appropriate numbers on the Information Retrieval Service card or contact

ESC Electronics Corp
534 Bergen Blvd
Palisades Park, NJ 07650
(201) 947-0400

Circle No 703

Kappa Networks Inc
1443 Pinewood St
Rahway, NJ 07065
(201) 396-9400

Circle No 704

PCA Electronics Inc
16799 Schoenborn St
Sepulveda, CA 91343
(818) 892-0761
Circle No 705

Technitrol Inc
1952 E Allegheny Ave
Philadelphia, PA 19134
(215) 426-9105
Circle No 706
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“WE DESIGNED THIS CHIP FOR YOU.”

How Our Modem/UART Chip Can Simplify
Your New Integral Modem Designs. "With our
experience as the industry leader in single chip
modem IC’s, we knew we could integrate a
UART with a modem, but we asked you ‘who
needed it?" Your answer was—all the designers
wanting to put the modem inside their pro-
ducts —especially designers of lap-top PC’s,
portable terminals, and other bus-oriented
products.

“You told us you wanted a modem chip
that connects directly to the computer bus with
no additional IC's—a chip compatible with
popular bus standards but flexible in use. And
you wanted it to run from a single +5 volt
supply with the lowest possible operating
power. So we developed the SSI K222U—the
industry’s most highly integrated combination
modem and UART. And here’s what our new
chip does for you.

“It operates off the system microprocessor
without the need for a separate controller chip.
It frees up board space for other purposes by
putting the modem, the UART, and system
related functions all in one 40-pin DIP. It pro-
vides you with all the modem functions you
need for world-wide operation at 300, 600,
and 1200 bps rates for Bell and CCITT stan-
dards. And it gives you a UART interface that is
completely compatible with the industry stan-
dard 8250A/16C450 devices used with IBM PC
compatible products. Our unique design also
allows you fo use the UART independent of the
modem function, giving you an additional
serial port. All of this in a low-power CMOS
device that operates from a single +5V supply.
In short, it's a chip that we designed for your
application?

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

For more information on the SSI K222U,
or the complete K-Series family of com-
patible modem IC’s, contact: Silicon Systems,
14351 Myford Road, Tustin, California 92680.
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“Where we design to your applications.”
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We've taken the standard in
manual IC design systems and made
1t automatic.

The new standard in
automated IC design.

The new GE Calma automated
IC design system is built around a
fast, standalone 32-bit workstation
and some of the hottest integrated

© 1987, Calma Company. GDSII and CustomPlus are trademarks o,
86

2101

design software to come along
in years.

And it’s all designed to help you
speed through more accurate, more
intricate IC design in minimum
time. In fact, it brings you as close
as you can get to one pass design.

For openers, our new
CustomPlus” software lets you
design quickly and easily with
simple data symbols. Instead of

complex mask geometries.

And from there, it’s a piece of
cake. Go from logic to layout with
a Netlist Driven Layout program
that ties to any TDL and most
ASCII netlist formats.

Tie it all together with our
automatic block routing software.
And space it as tightly as your
design rules will allow with our
automatic compaction program.

Calma Company. & is a registered trademark of General Electric Company, U.S.A.
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Then get it into silicon with our
CAM package. It works with more
CAM formatters than any other.

Or soup-up your
GDSIIT

Under all the new automation,
the new system is still a GDSII at
heart. Which means it shares the
same commands and a host of other

EDN May 14, 1987

features that you know by heart.

Better yet, it means that you can
get a few more miles out of your
clamshell. Because most of the new
automated software can be added
to your existing GDSII System.

Go for a spin.

To arrange a demonstration of
the new automated IC design

CIRCLE NO 109

system or for more information call
1-800-GE-CALMA, ext. 332.

And shift your designs into high
gear.

‘ calma
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For workstations that
thrive in a2 multivendor

HP’s powerful family of technical workstations fits
right in with your present computing resources, as well
as those added in the future. With industry standard net-
working, operating systems, and languages. Plus hundreds
of advanced application packages, and performance extras
to give you the competitive edge in all of your engineering
and technical activities.

Our solutions are implemented on one of the indus-
try’s largest technical computer and workstation families.
It consists of the HP Technical Vectra PC, the HP 9000
series 200/300/500, and the new model 840 Precision
Architecture Computer.

Full UNIX System V compatibility.

HP’s technical workstations use AT&T’s System V
UNIX operating system with Berkeley 4.2 enhancements
and HP improvements. The result is a standard tuned to
the workstation environment with windowing, real-time
I/O extensions, graphics, six languages and other extras.

The networking you need.

HP offers the networking to unify design, test, manu-
facturing, and technical office automation in your company.
You’ll have ARPA and Berkeley services and TCP/IP on
Ethernet** and IEEE 802.3 to provide connectivity with
IBM, DEC, and other vendors’ products.

Al power without special AI machines.

You get everything you expect in a multipurpose
workstation, plus the ability to run Artificial Intelligence on
the same machine. Based on Common Lisp, it lets you
harness Al power for accelerated software development.
You can also get premier expert system tools from com-
panies such as Intellicorp and Teknowledge.

Wide range of graphics solutions.
The choice is yours...from low-cost monochrome to
high-resolution color monitors...from simple report




run UNIX systems and
environment, talk to HP.

graphics to 3D solids modeling. There are industry stan-
dards like GKS and ANSI Computer Graphics Virtual
Device Interface (CG-VDI), to protect your investment
by making your existing software portable. HP’s acceler-
ated graphics solutions are highly modular, so you can
upgrade whenever you choose.

Hundreds of application packages.

Specialized technical applications? No problem. HP’s
application packages include logic and analog CAE, PCB
CAD, microprocessor software development, 2D design
and drafting, 3D solids modeling and finite element anal-
ysis, documentation and report generation, and database
management. New software packages are constantly being
added for an even larger selection.

HP—protecting your investment.

Buying HP’s solutions is not only a smart decision
initially, but it provides the added benefit of lower cost
of ownership that reflects our commitment to quality and
service. For more information, call your local HP sales
office listed in the telephone directory white pages.

Tap HP’s DATA-LINE

for complete facts...instantly!

For on-line information 24 hours a day, use your com-
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646
(300 or 1200 baud, 7 bits even parity, 1 stop bit).

In Colorado call 1-800-523-1724.

*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation.
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- QUALITY .
LEADERSHIP IN
CHIPAN D DIPPED

B Molded Tantalum chips designed for M All manufacturing locations IECQ
high speed pick and place equipment: approved
Meet and exceed EIA standards B National distribution network
(QC300801/US0001): Suitable for even ensures ready availability of product
the most demanding applications For more information call our toll free
M A full range of dipped Tantalum number: USA — 800-624-6491;
capacitors offers alternatives for every = Canada — 800-624-6494, or complete
requirement the reply slip below sTC
STANTEL 636 Remington Road, Schaumburg, Illinois 60173 ML
g i DEDICATED TO EXCELLENCE
Address: IN TANTALUM
2 Tel: 312-490-7150 (East)
Tel: Position: Tel: 805-495-8667 (West)

EDNOS1487  TWX: 910-291-1280. Fax: 312-490-9707
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, blc—-l:kcour $2 895 MetaI E-Sl

~ for 8051 emulation, the MetaICE- “Who are thesc guys?” you ask.

31 for 8031 support ( $1,495 ) and MetaLink is the leader in PC-

our 80515 unit, the MetalCE- hosted 8051 In-Circuit Emulation

80515, just $4,995. products. Nobody knows 8051
MetalCE units are available for the full architecture, app! lications andsoft.

range of 8051 family devices: ware inside and out like we do.
Need 8051 emulation solutions?
Call MetaLink...the ICE-House ™

‘ MetzICF. units plug in to your I-SOO-METAICE 1

IBM or compatible PC via a stan- § Eoeai- f
dard RS-232 serial port. In one Mda =fi§}_= 4

- compact box, you get full symbolic == Corporation

- debug, 16,000 hardware break 33 West Boxelder Place, Suite 110
points, 16K of both program and Chandler, AZ 85224

external data memories, 12 break 8051 8052 8044 Call (800)638-2423 or (602)926-0797
3 i 8031 8032 8344 Telex: 4998050 MTLNK
;ﬁ;iﬁgﬁngfxm%;e;lore 80515 80535 8053 IBM is a registered trademark of IBM Corporation

_hosted 8052 ICE
for under $350
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side view
(actual size)

With a Planar light-emitting
electroluminescent flat
panel display, you could use
the rest of this space for
anything you like. Call either
503-630-1100 or 503-690-1102,
or write for a brochure:
PLANAR SYSTEMS, INC.
1400 N.W. Compton Drive
Beaverton, Oregon 97006.
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Surface-mount technology forces engineers
to follow testability guidelines

Charles H Small,
Associate Editor

Because surface-mount-technology
(SMT) pc boards are so much harder
to test than boards manufactured
with other, less-dense technologies,
design engineers will at long last
have to follow the test-engineering
community’s guidelines for design-
ing testability into boards. Test en-
gineers claim that testing and re-
working improperly designed and
laid out SMT pec boards can eat up a
major portion of the total cost of
making a product.

With so much money at stake,
engineering management may heed
the recommendations of the test
community and enforce design-for-
testability guidelines. But these
guidelines are far more than a sim-
ple collection of design ideas, tips,
and standard-practice recommenda-
tions; the full scope of the test-
engineering community’s recom-
mendations for SMT entails a
fundamental restructuring of both
design-engineering teams and the
way a company accounts for produc-
tivity gains.

The test community is unani-
mously recommending that the tra-
ditional barrier between design and
manufacturing be removed and that
test engineers get involved in the
design of SMT boards from the ear-
liest stages. The test community
maintains that managing the com-
plex tradeoff between density and
testability requires the full-time at-
tention of a knowledgeable test en-
gineer.

Further, test engineers recom-
mend that companies change their
accounting procedures so that the
beneficial effects of designing for
testability can be traced. Some ex-
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The finer lead pitches and high pin counts of SMT devices make pc boards bearing SMT
devices harder to test than boards manufactured with older, less-dense technologies. (Photo
courtesy Hewlett-Packard’s Manufacturing Test Div)

perts claim that testing and rework
can account for as much as 45% of
the total cost of getting an SMT
design out the door.

Because testing and rework con-
sume so many production dollars,
test engineers maintain that design
engineers must compromise their
design goals and be satisfied with
packing somewhat fewer than the
maximum possible number of de-
vices onto a given SMT pc board.

Testability guidelines reduce an
SMT board’s density in two basic
ways: Some guidelines require de-
signers to include extra devices so
that the test equipment can parti-
tion and isolate the circuits and de-
vices under test, thereby gaining
control of them; other guidelines
require that pc-board designers
open up the spacing between compo-
nents and add extra pads and vias so
that bed-of-nails fixtures can probe
the circuits under test.

Many of the test community’s cir-
cuit-design guidelines will sound fa-
miliar to any design engineer who
has read testability articles in the
past. The guidelines recommend
that design engineers insert extra
gates in clock circuits so that auto-
matic test equipment (ATE) can
control or back-drive the clock cir-
cuit. Similarly, they recommend
that designers insert extra control
gates or jumpers in critical circuit
paths and feedback loops. (Design
engineers in the past have been re-
luctant to add extra gates in critical
circuit paths because of the extra
delays the gates incur.)

Further, to ensure that ATE can
isolate and back-drive individual
components, designers should make
certain that every unused input has
its own pullup or pulldown resistor.

The testability guidelines also
recommend that registers, coun-
ters, and state machines be easy to
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We're even better than
Absolutely!

Now the 6071A and the 6060B Signal

Generators have a guaranteed abso-

lute level accuracy of 1.0 dB.
Whether you need the highest spectral

purity (6071A) or are required to do general-

purpose testing (6060B), you'll benefit from
being able to rely on our improved signal
generator accuracy. And, it won't cost you
a penny more!

Fluke signal generators are designed for
critical applications in the military, defense
and mobile communications industries.
You'll find them optimized for high-volume
production. They're easily integrated, and
our fast switching rates will save you pro-
duction time.

SPECIFICATIONS 6071A 60608
Frequency 200kHz to 1040MHz 10kHz to 1050MHz
Amplitude —-127dBmto +13dBm - 127dBmto + 13dBm
Accuracy + 1.0dB (520MHz) +1.0dB
Spurious < —90dBc (520MHz) < - 60dBc
Modulation AM, FM, oM AM, FM

The unique architecture of these pro-
grammable signal generators allows us
to emphasize low noise/spurious signals,
while reducing expense to you through the
use of innovative circuit designs.

You also get superior RF shielding with
the 6071A and the 6060B. Our cast alumi-
num housing and RFI gasket-sealed covers
result in low radiated EMI and
microphonics.

you think.

Whatever your performance needs are,
Fluke's family of signal generators offer
you an unbeatable value. And, our after-
sales support is unparalleled.

Find out what we mean. Call
1-800-426-0361 today or contact your
local Fluke sales engineer or
representative.

[FLUKE]
®

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206. Sales: (206) 356-5400. Other: (206) 347-6100.
EUROPEAN HEADQUARTERS: Fluke (Holland) B.V., P.0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846.
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initialize. Note that the methods
(such as level-sensitive scan design)
employed in IC design to initialize
the registers of an IC, work well
when you’re testing individual ICs
before assembly. But test engineers
find that the built-in test functions
of such chips take too long to use
after a number of the chips have
been assembled onto a pc board.
Test engineers also encourage de-
sign engineers to include more-ex-
tensive built-in test functions with
wP-based boards.

One test-industry consulting
firm, Logical Solutions Technology
Inc (Campbell, CA), goes even fur-
ther in suggesting extra devices.
This company’s solution to the prob-
lem of testability is to add special-
purpose testing chips to a circuit.
These chips can monitor and stimu-
late critical nodes in a circuit. The
chips have their own, dedicated 1/0
bus, called the T-Bus (or testability
bus).

Testability guidelines will also
have a major impact on board layout
and routing. And, indirectly, these
guidelines will reflect on circuit de-
signers, because the guidelines
limit circuit designers’ ability to
pack SMT boards as densely as pos-
sible.

For example, the mechanical
properties of so-called “pogo pins”
(small spring-loaded probes, embed-
ded in a test fixture, which touch
various points on the pc board
under test) impose several limita-
tions on SMT pe-board density.

Test engineers will not allow a
probe to come in direct contact with
a device or a device’s leads. Such
direct probing has two disadvan-
tages: First, it can bend or other-
wise damage the probe if the part is
not properly aligned, and second,
the probe could push down an im-
properly soldered device or lead,
causing a bad connection to test out
as good.

'

lals

This SMT-pad pattern accommodates devices having 50-mil-spaced leads. It also provides
test points on 100-mil centers, which are suitable for conventional bed-of-nails fixtures.

(Pattern courtesy Interconnect Technology Inc)
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Therefore, pec-board designers
must provide an isolated target—a
pad or a via—for the pogo pin to
come in contact with. (The pe-board
designer can’t simply extend an
SMT device’s pads; an extended pad
can disturb the surface tension of
the molten solder that serves to
align an SMT device during solder-
ing.) These extra pads and vias re-
duce the board’s density, because
they use up portions of the pec
board’s real estate that would other-
wise be devoted to working devices
or traces.

Further, test engineers prefer to
have test points all on one side of a
board and to have them spaced on
the older 100-mil grid rather than
on the newer 50-mil (or smaller)
grids of SMT boards. Having all the
test points on one side of a pe board
allows test engineers to employ a
single-sided, bed-of-nails test fix-
ture rather than the much more
expensive and less reliable two-
sided (or “clamshell”) fixture. At
present, pogo pins suitable for
50-mil spacing cost five times as
much—and fail twice as often—as
100-mil pins do.

What’s more, although two-sided
fixtures are relatively new to pc-
board assembly, makers of bare,
multilayer pc boards already have
considerable experience with two-
sided test fixtures. These manufac-
turers find two-sided fixtures to be
a high-maintenance item.

PC-board designers must be care-
ful not to place too many test points
in one area, or the combined pres-
sure of many pogo pins concentrated
in that area could deform the pc
board under test.

Test engineers also do not care for
pe-board traces that are buried in-
side multilayer boards and hidden
under the SMT devices. They prefer
to have traces out in the open where
they can get at them.

All the foregoing constraints on
the pc-board designer’s options
serve to increase testability at the
expense of pe-board density.

Once the test engineers actually
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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
P0. Box 339

Niagara Falls, New York 14302
716 278-2553

STANDARD OIL
ENGINEERED MATERIALS

CARBORUNDUM® ELECTRONIC
COMPONENTS
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get their hands on the finished pc
boards, however, they’ll find that
several developments in electronics
—of which SMT is only one—are
dealing test engineers a new hand.
In the past, test engineers could
take advantage of in-circuit testers
having literally thousands of pogo
pins to test not only all the devices
on a board individually, but also the
continuity of each trace. That way,
they could isolate bad components
and bad pec-board traces with one
test. Knowing the exact location of
bad components and traces allowed
the test engineers to rework bad
boards easily.

Now that even the least dense
SMT board carries twice the circuit-
ry of through-hole boards, SMT
boards do not allow the probing of
all the end points of a given trace.
Test engineers may have to test the
bare pe board for continuity first,
and later settle for merely probing
selected nodes on the loaded board.
For the first few SMT designs that a
company does, the test engineers
typically bring out far more test
points than they do for later de-
signs, when they’ve become more
comfortable with SMT.

The fact that component manufac-
turers have raised their quality lev-
els significantly in recent years may
obviate the testing of every compo-
nent in a circuit. Test engineers may
instead opt to perform in-circuit
testing just of functional groups of
components, or they may forego in-
circuit testing altogether in favor of
the faster, but less informative,
functional test.

Test engineers beware!

If test engineers do succeed in
insinuating themselves into their
company’s design-engineering
teams, they may be surprised at
what their new-found power may
cost them. Most companies do not
currently have the accounting ma-
chinery in place to properly assess
the productivity savings that acerue
from the extra time spent at the
design stage. In the past, any pro-

XTENDED

OLDER LAND (b)

Test points need to be close to SMT devices
(a). Test engineers do not recommend extend-
ing the solder pad (b) because of soldering
problems. They also do not recommend prob-
ing on or near an SMT device (¢) because of
possible damage to the probe. (Illustrations
courtesy Signetics SMD Technology)

ductivity gains were usually cred-
ited to manufacturing. Now, if man-
agement backs a thorough
design-for-testability program, test
engineers may find design engi-
neers taking some of the credit for
productivity gains. EDN

Article Interest Quotient
(Circle One)
High 512 Medium 513 Low 514

EDN May 14, 1987



New MULTILY THIC® integrated ceramic circuits combine the advantages of
packaging integration . . . fewer solder joints . . . reduced inductance . . . smaller

il

size . . . increased reliability . . . with the benefits associated
with fewer manufacturing steps. Sprague’s innovative
MULTILYTHIC®
process incorporates layers
of capacitors, ground planes,
interconnect structures
and vias in a single,
monolithic circuit
substrate. MULTILY THIC® circuit surfaces are used for both active and passive devices such as thick-film resistors,
transistors, diodes, IC chips, varistors, and inductors. Right now, Sprague is working with automotive, aerospace, defense,
telecommunications and computer manufacturers to achieve unique MULTILY THIC® circuit packaging solutions to
space/reliability problems. We're ready to work with you today to develop application specific devices for your special
circuit packaging needs
Sprague Electric Co., a Penn Central unit, Lexington, MA. For applications assistance, call e
your Sprague district sales office or representative. For technical information, write to ,"; SpRnGUE
Technical Literature Service, Sprague Electric Co., P.O. Box 9102, Mansfield, MA 02048-9102. =" THE MARK OF RELIABILITY
CIRCLE NO 116.
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and other performance features. I’ simple to configure their

filters for Programmable yse.
/0ctave attenuation. Time
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friendly advance you've asked for

130 dB/octave Friendlly is extending your control for convenjent Operation.
choice to match needs and It's also simple to modify and
budget precisely, add to your System as reguire-

ments change,
843648 The Precision 600 Starts

system friendly ang stays
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f prices
Yesteﬂiay 5 custom sys{emk'

ae configured with today's -

- standard hardware and soft-
‘ware. Yesterday's unaffordable
becomes very affordable today.
Tomorrow’s new instruments will
operate in today’s mainframe.
That's system friendly with
futures.

YSTEM |
CDNDITIDNERS

Now, you can integrate filters, amplifiers,
frequency band translators and other signal
| conditioners your way in your system abaut’

 Friofdlylanguage biings

down old barriers
No longer do you have to be

'concemed about the program-
ming idiosyncrasies of a number

of instruments. All Precision
6000 asks is familiarity with a
few basics.

You set up from the
Precision 6000 front panel with
prompting and cuing from its
program. You string your Set-ups
together for the test routine
required. One command up-
loads set-ups to the host
computer.

Friendly is letting you all but
forget programming, so you can
concentrate on measurement
problems.

" More innovation from

the leader

We're adding all the advances

announced here to the features
Precision has introduced aver
the last decade. 80 dB/octave

‘ ‘n-auenuatmn time delay superior
1o Bessel, 1° phase match,

choice of serial, parallel or GPIB
computer interfaces, for exam-
ple. That's system friendly
indeed.

Call friendly 607-277-3550.

Call for all the details on new Precision 6000
Let us send you our people’s best “
friend, a dog with a magnetic back to
remind you how system friendly conditioners
can now be. Telex 646846. Or write.

)
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Source, Measure, Connect. A three-word
synopsis of Keithley’s expertise, dedication,
and product line. For the past 40 years, we
have systematically developed instrumen-
tation that performs at superior levels and
allows our customers to select a Keithley
for any test and measurement need.

Sensitivity, high resolution and low
level measurements have always
been our hallmarks. In the first
years of our company, we made
an electrometer that measured
in the femtoamp range, and
we're still the leader in low
level measurements today.
However, it has not only /4
been our low level mea-
surement expertise that
has kept our cus-
tomers loyal. Our
customers come
to us for solutions
to their measure-

picoammeters, micro-ohmmeters and
other more specialized products such as
the new Hall Effect Card and package.
These are a coordinated set of products
which enable you to configure complete
automatic systems without sacrificing
sensitivity, resolution or convenience.

A system made up of Keithley instru-
ments gives you extra convenience,
precision and support. Since all
Keithley instruments share a com-
mon programming language,
_ you get the precise answer
4D \\ you're seeking without time
=

wasted learning a new lan-
"\ guage for each new instru-
A -\ ment. Keithley products
<%\ are supported with
=\ application assistance

~ \_ by telephone con-
\ sultation, com-
plete documenta-
tion and detailed

\

ment problems in
research, design and test labs.

Throughout the seventies and eighties,
Keithley has become a major factor in
providing a wide line of test instruments,
such as high-performance DMMs, scan-
ners, sources, semiconductor CV meters,

application notes.

We have the capability to provide solutions
for your measurement problems. Just
contact our Product Information Center.
Keithley Instruments, 28775 Aurora
Road, Cleveland, Ohio 44139. (216)
248-0400.

SOURCE ¢ MEASURE « CONNECT

KEITHLEY
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THE BIRTH OF A NEW
ERA IN DIGITIZING
AND ANALOG

Company: Tbktronx
Agency: Young & Roehr

“Definately the most informative and graphically interesting.
The sexiest ad in the book!”

President
Andrionics

“Well +llustrated, specifications easy to read in a separate table.
Thorough description of the vmportant features.”

Engineering Manager

Teradyne, Inc.

“A ‘shake the earth’ ad! It can’t miss.”

Engineer
Raychem Corp.

“Heavy paper. Good visuals. Idea matched illustration. It should
get excellent results.”

Electronic Design Engineer
National Semiconductor Corp.



Company: Industrial Chemical Products
Division/3M
Agency: Kerker & Associates, Inc.

“Good color. Well written.
Informative.”

Director of Product Planning
Zoran Corp.

Twvo new ways to a better world.

Company: NEC Corporation
Agency: Global Advertising

Co., Ltd.

“The videocassettes viewing

offer makes you realize
how interested they are in
helping you find solutions
to problems.”

Quality Control Engineer
GE

)

“The diversity of products
plus the technical assistance
offered made me re-read
this ad and then file it for
Sfuture reference. A winner.”
Section Manager

Raytheon

“Picture draws attention
while informing with
concise but meaty copy.”

Electrical Engineering Manager
Digital Devices, Inc.

“82-bit micro s state-of-
the-art, and so 1s the ad.”

Design Engineer
Kyowa Dengyo Corp.

“This ad says they can
deliwer. That’s what I'm
interested in knowing.”
Test Engineer
Teledyne




3

“I have felt this way!”
Applications Engineer

“Combines humor with
detailed specs. Perfect!”

Kodak Senior Analytical Engineer
Hamilton Standard

Company: Hewlett-Packard
Agency: Tullant/Yates Advertising

Company: INMOS Corporation
Agency: Thomas & Perkins
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2=
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“Very clever ad.”
Senior Staff Technical Advisor
Konica Business Machines

“Interesting photo backed
by copy that tells a solid
story that makes sense.”
Director, Utilities Engineering

“Creative color,
mformative, hot-line
number a plus.”

Engineering Manager
TRW Optoelectronics

Georgia Public Service Commission

“Good headline. Good copy
paragraphs. Believable ad.”

Project Manager/PC Division
IBM



Company: Intel Corporation
Agency: Chiat/Day

“NOW
MULTIBUS I
CAN PROCESS &
[HE BIGGEST
NUMBERIN ¢!
COMPUTING.

intel

“Easy to read. Informative. “Good picture. Powerful
Attractive.” words. Reliable source.

Software Engineer And an 800-number.”
Speech Plus, Inc. y

Company: Monolithic Memories, Inc.
Agency: Tycer Fultz Bellack

“The ad encourages
curiosity.”

s Engineer

mental Information Systems

| Read
| the good

Save .
your

system.

Momartis BE

“.. an attention-grabber —
good photo, good message,
great offer.”

Digital De

“Direct. Practical. Useful.”

ign Eng

Honeywell, Inc.

“Their offering thevr
databook puts them ahead
of their competition.”

of Engineering




Company: Motorola Semiconductor
Products, Inc.
Agency: CommAd Advertising

M) moToRrOLA

“Good picture. Good

Space and power efficiency. products. Free samples.”

RSBIC IC combines 3 drivers and 3 receivers ’NI“' Leader
inasingle CM(?\S chip. Try the MCI45406, free. — 'Yl'ﬂlll
“Color grabs your

attention, tear-out coupon
does the rest.”

Plant Electronic Engineer
Hercules Aerospace

“Informative. Easy ‘phone
help.” Worthwhile ad.”

Design Engineer
Westinghouse Electrical

“Arresting headline pulled
me into a very informative

ad. And 1t even looked good.”

Production Manager
GTE ATEA

Company: Quantum
Agency: Battenberg, Fillhardt &
Wright, Inc.

“I liked. their comparing “This ad jumped out at
reliability with innovation. me. Meaningful and
Those are important to me.” mformative.”

Senior Test Engineer Systems Engineer

Data General Hewlett-Packard



Company: GE/RCA Solid State
Agency: Cappiello & Chadbrowe, Inc.

“Very clever mix of proven “Cool photo. Cool headline. “RCA says customer
hastorical facts with present Dynamite ad.” support and reliability
product specifications. Chief Electronic Tech. yet again! Great ad.”
Very much enjoyed the info Omega Navigation System Deputy Program Director
about Voyager. Excellent i USAF/EDS/SCB

proof of product

reliability.”

Consultant

Freelance Lateral Thinking

Company: Toshiba America, Inc.
Agency: Reiser Williams de Yong

“Simple, clean, to the point.”  REAFEAGIGABYTE VWHAT IT USED TO BE.

Industrial Engineer NS
Bell Telephone Mfg. Co. /

“Vasual comparison really
fits the ad.”

Applications Engineer
Digital Equipment Corporation

“The design makes sense.
Good, hard hitting
mformation.”

Systems Engineering Manager
Rockwell International i




EDINI

A climate of excellence where advertising works.

Cahners Publishing
A Dwiston of Reed Publishing USA

Specialized Business and Consumer Magazines for
Building & Construction, Interior Design, Electronics & Computers,
Foodservice & Lodging, Manufacturing, Book Publishing & Libraries,
Medical & Health Care, and Child Care/Development



Philips KTY sensors.
For sensing a wider range of
temperatures, for pennies.

‘ ' pricec »:they also monitor a vwder range of
. temperatures than any other sensor.
- Three models monitor temperature ranges from
~-65°C to +150°C; -55°Cto +175°C; and 0°C to
300°C.

Wide operating range and excellent reproduceability
are direct results of proven silicon planar technology.

By utilizing the nearly linear temperature-dependent
resistivity of silicon, Philips KTY sensors can detect
and respond to temperature changes in the broad
ranges mentioned, with response times as fast as
one second.

Exceptional accuracy of Philips KTY sensors results
from a positive temperature coefficient (PTC) of 0.7

~ the shelfin tolerances of + 1%, +2%, and +5%.

25 Ve ot <1
: o Series ]
5l L i Y P
15 7 I e Senes =

o 100 260 300
~ Temp. Ambient (°C)

bércent per dégree Centigradé. They are available off

Because KTY sensors are small, are not polarity
dependent, and need no special interfacing, they are
ideal for applications involving solid-state circuitry.
Configurations: plastic-encapsulated, axial lead glass
bead, and surface-mounted device.

And remember, whatever the model, whatever the
package, we're talking pennies.

To find out how Philips KTY sensors can fit into your
measurement and control designs, call or write Amperex
Electronic Corporation, A North American Philips
Company, George Washington Highway, Smithfield, RI
02917. Phone (401) 232-0500; TWX 710-381-8808. In
Canada contact Philips Electronics Ltd, ELCOMA Division.

Amperex’
PHILIPS COMPANY

A NORTH AMERICAN

CIRCLE NO 11
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Card Cages

‘Horizontal Rack Mourit Cages '

Backplanes

ULTIBUS:
We’ll Help
ou Put It
All Together

If it's your job to put a Multibus
system together, it’s time you got
together with Electronic Solutions.

For in addition to the rugged card
cages and handsome system
enclosures that made us famous, we
have a whole array of Multibus design-
ers’ cards, test sets and accessories to
make your design job easier.

For example, our 12” x 12" Double
Height Multibus series of prototyping
cards, extender cards and card cages
lets you put twice or three times as
much useful circuitry on each board.
That can speed up your system,
because of fewer bus references, and
make for a more compact overall
package.

Or another example. Our Multibus
bench test sets give you a handy
method to test and troubleshoot boards
in a prewired, ready-to-go
combination power
supply and card cage.

Or our Interface/Pro-
totyping Card, that has
the bus interface already
built in so you don’t have to.

Above all, we put our reputation on
the line with the best Multibus card
cages and enclosures available any-
where. And the best selection, too.
Call us today for your copy of our new,
complete, all-Multibus 1987 catalog.

Electronic
y,Solutions

UNIT OF ZERO CORPORATION

ZER

CIRCLE NO 125

: 6790 Flanders Drive, San Diego, CA 92121 « (619) 452-9333 Telex II(TWX): 910-335-1169
Call Toll Free: (800) 854-7086 In Calif.: (800) 772-7086
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High-speed flash A /D converter features
115-MHz bandwidth, dissipates 750 mW

Fabricated in an advanced, high-
density bipolar process, the AD9002
flash A/D converter features a sam-
pling rate of 150M samples/sec and a
3-dB analog bandwidth of 115 MHz.
According to the manufacturer, the
converter also has the industry’s
lowest typical power dissipation (750
mW) and analog input capacitance
(17 pF).

The AD9002 includes 256 parallel
comparator stages whose outputs
are decoded to drive the ECL-com-
patible output latches. The unusual-
ly wide analog input bandwidth of
115 MHz is a by-product of both the

extremely dense bipolar process and
the device’s layout. This wide band-
width, along with the high encoding
rate, lets you use the part to acquire
very accurate high-speed pulse in-
puts without using an external
track/hold amplifier. The compara-
tor’s output-decoding scheme (in
which the encoding cycle and the
output latch both trigger on the
rising edge of the encode signal)
minimizes false codes, a capability
that’s critical for high-speed signals.

A feature that’s particularly help-
ful in high-noise environments is the
AD9002’s external hysteresis-con-

OVERFLOW
INHIBIT O ] apson2
ANALOG ¢ lJ
IN 4 256
+Vaer O—H—VW¢ = 27
OOVERFLOW
< 26
255 s OBIT 8 (MSB)
—
| 25
Ly ! — OBIT 7
Yy |
4', 24
3 e OBIT 6
[ 128 19
12
REFmip O i OBIT 5
b DECODE LOGIC] LATCH| |ig
3| = OBIT 4
T 127
= 17
I — —OBIT 3
[ [}
1) 1 16
5 — —OBIT 2
<
1; HJF‘ 15
2 3 | — —OBIT 1 (LSB)
<
$ _IJF
1
‘VREFOJ1 ng-_
7
ENCODE O
ENCODE O
l 3 l
(o]
GND HYSTERESIS Vs—

Featuring a sampling speed of 150M samples/sec and an analog bandwidth of 115 MHz, the
AD9002 8-bit flash A/D converter includes 256 parallel comparator stages whose outputs are
decoded to drive the ECL-compatible output latches.

EDN May 14, 1987

trol pin, which you can use to opti-
mize the comparator’s sensitivity.
The AD9002 also incorporates an
overflow bit that signals over-range
inputs. You can disable the overflow
output by means of the overflow-
inhibit pin.

Other key specifications for the
converter include a signal-to-noise
ratio of 43 dB at 1 MHz, harmonic
suppression of 63 dB at 1 MHz and
50 dB at 40 MHz, and maximum
differential linearity of 0.5 LSB. To
operate, the AD9002 needs only a
voltage reference, an encode signal,
and a single —5.2V supply.

The AD9002 ADC is suitable for
a wide range of signal-acquisition
uses that require high-speed digiti-
zation of analog and pulse wave-
forms. Specifically, it’s useful in
such applications as digital radio,
ATE and digital oscilloscopes, radar
guidance, laser/radar warning re-
ceivers, and electronic warfare.

The AD9002 is available with 0.5
LSB or 0.75 LSB linearity. Both of
these parts come in industrial-grade
(=25 to +85°C) and MIL-STD-883
Rev C (=55 to +125°C) versions.
The industrial-grade parts come in
28-pin ceramic DIPs. The military
grades are available in 28-pin ce-
ramic DIPs or leadless chip carriers.

Unit pricing for the industrial-
grade parts is $90 for the 0.75-L.SB
version and $135 for the 0.5-LL.SB
version. The MIL-STD-883 parts
are priced at $270 and $360 for the
0.75-LSB and 0.5-L.SB versions, re-
spectively. The industrial grades
are available now; the MIL-STD-
883 grades are scheduled for deliv-
ery in August.—Dave Pryce

Analog Devices, One Technology
Way, Norwood, MA 02062. Phone
(617) 329-4700. TWX 710-394-6577.
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Were delivering

jcosecond speeds
ll;rl 24 hours.

Solutions to high speed design problems
can be in your hands tomorrow. Because
we have, in stock, a complete line of ultra-
fast PicoLogic GaAs ICs ready to ship to
you in volume today.

By using standard ECL 1/0 levels and
power supplies, PicoLogic ICs speed up
your present ECL designs across the board.
And for applications that simply must out-
run ECL, you can have a successful Pico-
Logic-based design up and running the
same day parts arrive using our Proto-
typing Kit.

Our line continues to expand. PicoLogic
now covers all commonly used 100K ECL
catalog functions. And our standard cell
library plus design and foundry services
help many leading companies create GaAs
ASICs, including LSI circuits with over
2,000 gate complexity.

A 10:1 return on investment.
Our customers tell us that the value added
to systems that use PicoLogic produces at
least a 10 to 1 return on investment. Why?
Because your new higher speed product
leapfrogs the competition, provides your
marketing staff with products that sell
themselves and allows you to sell at a
premium price with higher profit margins.

Today, PicoLogic ICs are designed into

many systems:

1) Our Time Division MUX/DEMUX and
clock and Data Recovery Circuit create
a 1.5 Gbit/s digital interface in fiber optic
communications links.

2) In ATE and lab instruments PicoLogic 1Cs
¢ produce square signals with 125 ps
output transition times;
¢ decrease the skew in clock distribution
by a factor of four (4); and

* generate and deserialize vectors at
GHz rates.

3) Synthesizer and PLL control loops oper-
ating up to 1 GHz use our new Phase/
Frequency Comparator, Variable Modulus
Divider and Synchronous Counter.

4) 2K x 2K display electronics rely on our
1.5 GHz Shift Register for pixel generation
with speed margin to spare.

For Application Notes and a quotation on
ICs you can order today and use tomorrow,
contact us immediately.

GigaBit Logic, 1908 Oak Terrace Lane,
Newbury Park, CA 91320-5524. Telex
6711358. Phone (800) GaAs ICs (422-7427).
in CA (805) 499-0610.

GigaBit Logic

PicoLogic™ Digital ICs Part No. Speed Availability PicoL.ogic™ Digital 1Cs Yart No Speed Availability
Gates Arithmetic Operators
(uad 3 Input NOR 10GO0O0A 290 ps In Stock Dual 9-Bit Parity Generator,
(uad 2 Input NOR 10GOO1 290 ps In Stock Checker and 8-Bit Equivalence
(uad Differential XOR/XNOR Checker 10G045 800 ps In Stock

and Line Receiver 10G002 1.8 GHz In Stock Ultra-High Speed 4-Bit Adder 10G100 800 ps In Stock
5, 4. 3.2/3, 2 Input AO/AOI 10G003 600 ps 4 weeks ARO Ultra-High Speed Carry [nokahead 10G101 500 ps In Stock
Drivers/Receivers/Comparators 1-Bit ALU (10181 ECL equivalent) 10G181 2ns 6 weeks ARO
Dual Complementary Driver, ithic FIOT - AR A e

(h»ll|p;1|":|(u| ] 10GO12B 1.8 GHz In Stock }l‘;ﬂ'{“ﬂ{}}l‘h! '\‘,',,‘“"' SAGHCa Ay 166010 n! T
Dual 4:1 Fancut Buffer 10GO1B 700 ps In Stock : Fe Alld) 0% DG
Dual Differential MUXed 100 mA Diode Array 16GO11 = In Stock

ual Ditferentia B : . ', Single Gate FET Array 16G020 15 GHz In Stock

Fanout Buffer 10GO10 15 GHz In Stock Dual Gate FET Array 166021 15 GH, In Stock
Flip Flops and Registers :
Dual Precision D Flip Flop 10G021A 2.7 GHz In Stock NanoRam™ Memory : .
Quad MUXed Input D Flip Flop 10G023 2 GHz In Stock 256 x 4-Bit Pipelined Static RAM 12G014 3ns [jl‘lxlll(}'ll(lll
Quad XOR Input Flip Flop 10G024 2 GHz In Stock cycle time Sampling
Octal Register/Shift Register y inagl

Ko Sepie bl DL Ree e o e Communication Products

(n.ull \(..M( Generator 10G022 1.5 GHz In Stock 81 Time Division MUX 10G040 15 Gh/s In Stock
Register Files £ ' : 1:8 Time Division DEMUX 10G0A1 1.5 Gb/s In Stock
16 x 4 3-Port Register File 10G030) 1 ns 6 weeks ARO Clock and Data Recovery Circuit 16G040 20Gb/s In Stock
Multiplexers/Demultiplexers 16G040 Demo/OEM Board 90GCDR — In Stock
Quad 4:1 or Dual 8:1 MUX 10G046 600 ps In Stock Phase Frequency Comparator 16G044 1.0 GHz In Stock
(Quad 2:1 MUX 10G004 1.8 GHz In Stock ASIC Products
2.9 2. 3 y A p 7 N, A L 4’ .
(;:K;::I[()il:/‘l;“l\l‘)l;]:"Ih\[ gl it (s L ﬁ(]»l h’l;m;l;ml Cell Library 80 GSC1 — Available
J S/ SlC b 8 . POOTE — -— Ay )
2-Stage Divider 10GO60 25GHz In Stock Sy Foge e
1-Bit Synchronous Programmable Prototyping & Support Products

Counter 10G0O6! 1.6 GHz In Stock Universal Prototype Kit 90GUPK - In Stock
7-Stage Counter/Divider 10G065 3.0 GHz In Stock Universal Prototype Board 90GUPB = In Stock
Variable Modulus Divider 10GO70 2.0GHz In Stock High Speed Socket (401, Package) 90GSKT-401, — In Stock

Create faster designs right now with in-stock PicoLogic™ ICs.
CIRCLE NO 126
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PRODUCT UPDATE

Library of voltage-vs-current functions
accelerates analog-circuit simulation

By using an algorithm that interpo-
lates parameters from electrical-
data curves, the ACS circuit simula-
tor can model devices four to 15
times as fast as Spice can. Further-
more, the simulator can model all
analog devices—even ones that
Spice must break into combinations
of smaller components.

Simulations that use the Spice
program require device models. The
ACS package, however, simply ex-
tracts device parameters from
measurements of electrical parame-
ters.

To model an analog device with
this simulator, you enter the cur-
rent-vs-voltage, capacitance-vs-
voltage, and inductance-vs-voltage
functions of the device. Then, for
each applied voltage in a simulation,
the program consults the electrical-
data files and finds the state of the
device.

By consulting its tables of current-vs-voltage functions, the ACS System can simulate
cireuits that contain such devices as SCRs, triacs, and lamps.

You can add electrical data to the
simulator by performing measure-
ments or by entering a graph. You
can also use a Spice model.

The package’s automodeler mod-
ule translates device measurements
into electrical-data files. To measure
the capacitance, inductance, and
resistance functions of a device, you
must connect a Hewlett-Packard
4145B or 4280 test system to the
company’s workstation.

The simulator module runs di-
rectly from the electrical-parameter
database. By using measurements
supplied by the automodeler mod-
ule, the simulator can provide re-
sults that are within 2% of the cor-
rect solution.

You don’t need to measure every
analog device that you want to simu-
late; the vendor offers a library of
standard devices. Each stand-
ard-device file provides three sets of

EDN May 14, 1987

performance characteristics: maxi-
mum, typical, and minimum.

The library has typical resistors,
capacitors, inductors, and diodes. It
also includes bipolar junction tran-
sistors, junction FETs, MOSFETS,
LEDs, and transformers.

Because the simulator doesn’t use
device models, the ACS library can
offer components that Spice-based
simulations can’t model. For exam-
ple, the library includes zener di-
odes, tunnel diodes, tunnel junc-
tions, diacs, triacs, and SCRs.
Other devices included in the library
are glow tubes, triggers, photocon-
ductors, op amps, and voltage regu-
lators.

You can set up an analog simula-
tion the same way that you set up a
simulation in a laboratory—by using
a workbench. The package’s soft-
ware workbench module features a
voltmeter, power supply, function
generator, spectrum analyzer, and
oscilloscope. Instead of controlling
the instruments by turning knobs,
you adjust the test settings with the
workstation’s keyboard or mouse.

ACS runs on the company’s Inter-
pro 32 ($15,000) and 32C ($25,000)
workstations. The ACS automodeler
and device-library modules each
cost $20,000; the simulator and the
workbench modules each cost
$10,000.—FEva Freeman

Intergraph Corp, 1 Madison In-
dustrial Park, Huntsville, AL
35807. Phone (205) 772-2000. TWX
810-726-2180.

Circle No 725

113



PRODUCT UPDATE

16-MHz support peripherals for 80386 p.P
transfer system data via a 32-bit bus

Because the timing and I/0 specs of
the 80387, 82385, and 82380 support
chips match the requirements of the
80386 wP, the four chips together
form an optimized 32-bit computer.
The support chips all use supersets
of existing microinstruction sets, so
you won’t need to write new micro-
code. Moreover, the chips are com-
patible with the MS-DOS and Unix
operating systems.

The 80387 accelerates floating-
point calculations; the 82385 con-
trols cache-memory functions. The
82380 Integrated System Peripher-
al combines DMA control with sys-
tem-support functions.

The three support chips help
80386-based computers run faster.
For example, because the 82380
DMA controller can use all the chan-
nels on a 32-bit bus, it eliminates I/0
delays. In addition to its DMA con-

A 20-MHz 80386 pP and its three 16-MHz support peripherals form the core of a 32-bit
computer. The support chips use the same microinstruction set that the wP uses.

troller, the 82380 includes a 20-level
programmable interrupt controller,
four 16-bit programmable interval
timers, a programmable wait-state
generator, dynamic RAM, a refresh
controller, and system-reset control
logic. This chip replaces about 20
LSI and VLSI components.

The 82385 accelerates the opera-
tion of 80386-based computers be-
cause it eliminates processor wait
states. The cache-memory control-
ler also reduces the number of bus
calls to main memory. Using this
chip, you can update a system’s
main memory after each write cycle
without affecting the speed of the
processor.

The 80387 also speeds system op-
eration—it runs floating-point cal-
culations four to six times faster
than does the company’s earlier
80287 floating-point coprocessor.
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Aside from its speed, the 80387 re-
sembles the earlier model. The
80387 understands the same object-
code instructions that the 80287 and
8087 coprocessor chips understand.

Communication between the
80386 and the 80387 is transparent
to all application software. Whenev-
er the wP needs to perform a float-
ing-point calculation, it simply
transfers the calculation to the co-
processor. The coprocessor’s opera-
tion set comprises trigonometric,
logarithmie, exponential, and arith-
metic instructions.

Because support chips are worth-
less without a fast wP, the vendor is
introducing a 20-MHz version of the
80386. According to the vendor, the
20-MHz 80386 runs faster than the
CPUs in Digital Equipment’s VAX
8600 and IBM’s 4381.

The 20-MHz 80386 is available
now. The manufacturer plans to
ship the 20-MHz versions of the
80387 and the 82380 in the second
half of 1988; the 16-MHz models are
available now. Shipments of the
16-MHz 82385 will not start until
the second half of 1987; the vendor
will announce the price at that time.

The 20-MHz 80386 costs $599; the
16-MHz 80387, $500. The 16-MHz
82380 costs $149; the 20-MHz ver-
sion, $299 (100).—FEva Freeman

Intel Corp, Box 58065, Santa
Clara, CA 95052. Phone (,08) 987-
5730.

Circle No 726
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Looking for bargains
in top quality peripherals?
We've got your number:

' 28038 |

285630

| Industry Standard

SCC now in CMOS |

The 8 MHz Z85C30 combines the feas

tures of its popular NMOS counterpart with I

I the low-powet: benefits of CMOS.

I = Pin compatible with NMOS version
= Dual-channel/multi-protocol

I ® 40-pin DIP &44-pin PLCC

| $11.10*

!
i i o il

‘e m |
!
|

| ZT63A

| The standard FDC

| Because Zilog is the volume manufac-

turer, the Z765A is the most cost effective
FDC on the market today

= Supports FM and MFM

= PLCC and DIP packaging

& Supports up to 4 floppies

| $2.90°

r N SR e SELY Rl S
1 28536

High integration,
I high value

The 78536 CIO incorporates 1/0 and
counter,/timers in one chip.
m 2 and 1/2 parallel ports
m Three 16-bit counter/timers
m [EEE-488 compatible
m 4 handshake modes

| $4.30"

CEE
| 27220A
The standard

Jor mid-range
: graphics

The Z7220A GDC supports high-
performance-comptiter graphies systems:
= Simultaneous alphamumeric and

graphics display
m Bit-mapped-graphics
= Available in'6 &8 MHz

10°

e R s e i 5

r_
=~ee~
!

|

|

L

Zilog's impressive family of peripherals includes some of the
most popular in the industry. That's not surprising. A rapidly
growing number are available in CMOS, and most are available
in space saving PLCC versions. Plus theyre compatible with all
major 8-, 16- and 32-bit applications. Not to mention highly
competitive prices, off-the-shelf delivery, and Zilog’s solid

ldeal link between
CPUs of different
speeds

The 78038 FIO Jsia skilled arbitrator
with high-speed transfer fogic,
m 128 x 8 asynch. bidirectional EIFQ
= Bus or handshake-driven1/0
m Expandable with 28560728060

fro = e
{

29518 |

Encrypt/decrypt
your data

The Z9518 Data Ciphering Processor is I
designed with three registers/master keys I
for improved security and throughput.
= National Bureau of Standards algorithms I
m 3 standard ciphering modes
m Data rates greater than 1 Mbyte/sec I
m Available in 78068 version

| $23.60" !

|
e g g g

Offload your
CPU

The 79516 DTC is a low cost, full-
feature 2-channel DMA controller.
m |6 Mbyte addressing range
m Flowthrough and flyby mode
= Command chaining and pattern
match logic
= Byte or word-oriented transfers

$11.80*

i e i e i

' 25380 |

NMOS 5380
compatible

The CMOS 75380 SCSI Controller is the
low power alternative to AMD and NCR
devices - it gives you CMOS at NMOS prices
w Standard ANSI X37T9.2 protocol I
® [nitiator & Target modes
m Arbitration & programmable DMA I

$10.50" |

|
ool v e i e

reputation for the highest quality. Nobody offers more universal
peripherals than we do. So if you don't find what you need “on
sale” here, contact your local Zilog sales office or your authorized
distributor today. We've got your number. Zilog, Inc./210 Hacienda
Avenue/Campbell, CA 95008-6609/(408) 370-8000.

Prices based on volume, lowest priced package

Right product. Right price. Right away,

ZILOG SALES OFFICES: CA (408) 370-8120. (714) 432-9971, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 451-8425, 1L (312) 885-8080, MA (617) 273-4222,
MN (612) 831-7611, NJ (201) 288-3737. (609) 778-8070, OH (216) 447-1480, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 392000
W. GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.O.

. Taiwan (886) (2) 731-2420, U.S. AND CANADA

Zilo
an affiliate of g
EXoN Corporation

DISTRIBUTORS: Alliance Elec.. Anthem Electric., Bell Indus., Graham Elec., Hall-Mark Elec., JAN Devices Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD.
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CADDOCK'’s Precision and Ultra-Precision Resistor Networks
provide a designer’s choice of performance that will
optimize solutions in precision analog circuit designs.

Precision and Ultra-Precision Resistor

‘Pairs’ and ‘Quads’ deliver a selection

of Ratio Tolerance to as tight as +0.01% and
Ratio Temperature Coefficient to 2 PPM/°C
combined with exceptional long-term stability.

Precision Decade Resistor Voltage Dividers
and Current Shunt Resistor Networks deliver
many optimum combinations of precision
and temperature coefficient performance

for high accuracy range-switching circuitry.

Standard Type T912 and T914 Precision and
Ultra-Precision Resistor Networks.

Standard models of the Type T912/T914 Precision
and Ultra-Precision Resistor Networks combine all
of these performance characteristics:

e Absolute Tolerance: 0.1% for all resistors.

* Ratio Tolerances: 0.1%, 0.05%, 0.02%
and 0.01%

* Ratio Temperature Coefficients: from
10 PPM/°C to 2 PPM/°C

e Absolute Temperature Coefficient: 25 PPM/°C
from 0°C to +70°C.

e Ratio Stability of Resistance at Full Load
for 2000 Hours: within +0.01%.

* Shelf Life Stability of Ratio for Six Months:
within +0.005%.

The standard part number below provides a
selection of over 500 in-production models of Type
T912/T914 precision and ultra-precision ‘pairs’ and
‘quads’:

Custom Type T912 and T914 Precision and
Ultra-Precision Resistor Networks.

Custom models of these precision ‘pairs’ and ‘quads’
can include these special performance features:

* Resistance Values: from 1K to 2 Megohms with
maximum ratios of 250-to-1.

* Absolute TC: as low as 15 PPM/°C.

* Ratio TC: as low as 2 PPM/°C.

Standard Type 1776 Precision Decade Resnstor
Voltage Divider Networks.

The Type 1776 Precision Decade Resistor
Voltage Dividers provide a family of networks
that includes 3, 4 and 5-decade voltage divid-
ers with ratios from 10:1 to 10,000:1. Standard
performance includes a wide range of specifi-
cations in particular combinations that meet
the most often requested requirements.

* Absolute Tolerances: from 0.25% to 0.1%.
* Ratio Tolerances: 0.25%, 0.1% or 0.05%.

® Absolute TC: from 50 PPM/°C to
25 PPM/°C.

® Ratio TC: from 50 PPM/°C to 5 PPM/°C.

* Voltage Coefficient: As low as
0.02 PPM/Volt.

With 36 standard models to choose from, each circuit designer can
specify the exact levels of performance required by each application.

* For Type 1776 data, circle Number 202.

* For Type T912/T914 data, circle Number 201.

Standard Type 1787 Precision Current Shunt
Resistor Networks.

The Type 1787 Current Shunt Resistor Networks
achieve the combination of performance require-
ments necessary to meet the demands of precision
current measurement circuits, including labora-
tory and bench-type instrumentation:

* Resistance Values: 1 ohm,
10 ohms, 100 ohms and
1000 ohms.

* Absolute Tolerances: 0.25%,
0.1% or 0.05%.

e Absolute TCs: 100 PPM/°C,
80 PPM/°C or 50 PPM/°C.

There are now 12 standard
models of the Type 1787 Current
Shunt Resistor Networks available
for 3 and 4-decade applications,
and prototype quantities of many
models are normally available from
factory stock.

Standard models with
Kelvin terminations
are available.

* For Type 1787 data, circle Number 203.

Caddock’s new 28-page General Catalog describes over 200 models of both standard and custom
precision and ultra-precision resistors and resistor networks. For your personal copy, call or write our main offices at -

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 ® Phone (714) 788-1700 ® TWX: 910-332-6108

HIGH PERFORMANCE FILM RESISTORS
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Your Custom Precision and
Ultra-Precision Resistor
Networks from Caddock:

« Can be delivered in
only 6 weeks ARO

» With total NRE charges
typically under $950°°

« Includes 10 prototype
networks ==m
for your = A8
in-circuit
evaluation.

« Thin-Profile, Single-In-Line
package design.

A ERE|
Differential Amplifier
Input Networks

Type T1794 Custom Low TC Precision
and Ultra-Precision
SIP Resistor Networks.

Caddock’s Tetrinox® resistance
films provide a wide choice of
Absolute TCs, Ratio TCs and
precision tolerance specifications. Select the perfor-
mance of your custom network from the following:

T1794-16 @138
3080707 19647

PR i
Gain Setting
Networks

e Resistance Values: from 500 ohms to 50 Megs.

® Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10%, 0.05% and 0.025%.

* Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10%, 0.05% and 0.025%.

e Absolute Temperature Coefficients: 50 PPM/°C,
25 PPM/°C and 15 PPM/° C from 0°C to +70°C.

e Ratio Temperature Coefficients: 50 PPM/°C,
25 PPM/°C, 10 PPM/°C and 5 PPM/°C from
0°C to +70°C.

e For Type T1794 information, circle Number 204.

Type 1789 Custom Low Resistance Value
Precision SIP
Resistor Networks.

Using Caddock’s Micronox®
resistance films, your low

resistance custom networks
can now include:

Current-Sensing
Networks

* Resistance Values: from 0.5 ohms to 10,000 ohms.

* Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10% and 0.05%.

* Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10% and 0.05%.

* Absolute Temperature Coefficients: 100 PPM/°C,
80 PPM/°C and 50 PPM/°C from 0°C to +70°C.

* Ratio Temperature Coefficients: 80 PPM/°C,
50 PPM/°C, 25 PPM/°C and 15 PPM/°C from
0°C to +70°C.

* For Type 1789 information, circle Number 205.

Caddock’s high thru-put manufacturing capabil-
ities provide cost-effective, on-time delivery of your
custom resistor network requirements. Custom net-
work designs are now in-production in quantities
from 500 networks per year to as high as 500,000
networks per year.

For fast solutions to your
custom resistor network needs,
call our Applications Engineers at
Telephone No. (714) 788-1700.

CADDOCK

HIGH PERFORMANCE FILM RESISTORS
CIRCLE NO 207
EDN May 14, 1987

PRODUCT UPDATE

Repeaters for multiplexers
stretch host /terminal lines

Users of the HPS distributed com-
munication subsystem family of
multiplexers can now spread clus-

ters of RS-232C terminals over cable -

distances of as much as three miles
by using Spurs (Systech Pluriaxial
Unplug Repeaters).

The Spurs come in three versions:
The HPS-5580 Spur has six coaxial
connectors, the HPS-5581 has six
coaxial connectors and one fiber-
optic connector, and the HPS-5582
has six coaxial connectors and two
fiber-optic connectors. Mixing the
three different Spur produects in a
system allows you to use fiber-optic
cable to provide electrical isolation
and to increase the distance be-

tween the host and the terminals.

By using the Spurs in conjunction
with the company’s HPS host adapt-
ers and cluster controllers, design-
ers of multiuser Multibus I-, Multi-
bus II-, and VME Bus-based
systems can simplify the cabling
connecting hosts and RS-232C ter-
minals. An HPS communication
subsystem includes an intelligent
host-adapter board that offloads
system I/0 functions from the CPU.
Instead of providing direct connec-
tions to multiple terminals, the HPS
host adapter provides a LAN con-
nection at the host computer’s back
panel.

The LAN used by the HPS multi-

TO HOST HPS-5582

SPUR
TWO FIBER-OPTIC LINKS

HPS-5581
SPUR
ONE FIBER-OPTIC LINK

HPS-5581
SPUR

ONE FIBER-
OPTIC LINK

o |
g 8

A combination of coaxial and fiber-optic links between the HPS-5581 and HPS-5582
repeaters (Spurs) and HPS cluster controllers provides electrical isolation and flexible
fan-outs to terminals. The Spurs also allow you to extend your computer-communication

links to as much as three miles.

117
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plexers operates transparently to
the user and connects to the cluster
controllers via a single coaxial cable.
The cluster controllers each serve 8
or 16 RS-232C terminals with tradi-
tional serial cables. The LAN em-
ploys a token-passing concept, simi-
lar to Arcnet, that allows each
terminal to operate at 9600 baud.
The cluster controllers can be daisy-
chained, and the last one can be as
far as 1000 ft from the host.

Because the LAN connects the
various cluster controllers (some-
times via Spurs) in a virtual circle,
the physical configuration of Spurs
and cluster controllers does not af-
fect the operation of the LAN. The-
oretically, Spurs could connect 254
clusters, but at present the host-
adapter firmware supports only 128
terminals.

The Spur products provide even
more flexibility in implementing an
I/0 subsystem. You can connect a
5580 Spur to a host adapter, employ

Allowing you to place terminals three miles
from the host, the HPS-5580 family of re-
peaters provides flexibility in distributed-
communication - subsystem  multiplexer
schemes.

a 5580 as a repeater, or use a 5580 to
provide coaxial cable connection to
five cluster controllers, or you can
do all three. If you don’t connect
cluster controllers between Spurs,
the Spurs can be as far apart as 1500
ft; if you do connect clusters be-
tween the Spurs, the Spurs can be
1000 ft apart. The coaxial link be-
tween a host adapter and a Spur is

limited to 1000 ft.

The fiber-optic links connecting
two Spurs can be as long as 4000 ft;
you must link the fiber-optic connec-
tors of the first 5581 or 5582 only
with the fiber-optic connectors of
the other 5581 or 5582. Further, you
can’t connect cluster controllers di-
rectly to an optical link; you must
connect them to a coaxial connector.

All three Spur models are imme-
diately available. Models HPS-5580,
HPS-5581, and HPS-5582 cost $610,
$1505, and $2205 (100), respectively.
The same cluster controllers and
Spurs work with Multibus and VME
Bus host adapters.—Maury Wright

Systech Corp, 6465 Nancy Ridge
Dr, San Diego, CA 92121. Phone
(619) 453-8970. TLX 4990507 .

Circle No 728

CERAMICS
KEMET" Is The Source.

Order KEMET Multllayer Ceramic Chip Capacitors
in cold-formed aluminum carrier tape packaging that worksas
fast as your placement machines. Easy-to-read marking. Sizes
C0805 through C2225; capacitances 1.0 pF to 2.2 uF; 50 to 200
VDC. Standard, CDR andﬁxgh -reliability grades.

Sales Offices and Distributors Worldwide
In US.A.: (803) 963-6348; Telex 57-0496.

In Europe: 41-22-396512; Telex 845-911302.
In Asia: 852-372-31211; Telex 780-45162.

ELECTRONICS DIVISION
COMPONENTS DEPARTMENT

CIRCLE NO 30
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CERAMICS
KEMET" Is The Source.

d erKEMETCKROSCapmtors withStandoff

lded-in for improved solderability, easier inspection, h:gher
production. Meets MIL-C-39014 specs. Same case size;

performance. Capacitance values up to 1xF; 50, 100 and 200

Sales Offices and Distributors Worldwide
In US.A.: (803) 963-6348; Telex 57-0496.

In Europe: 41-22-396512; Telex 845-911302.
In Asia: 852-372-831211; Telex 780-45162.

unluu HECWONICS DIVISION
IPONENTS DEPARTMENT

CIRCLE NO 69
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EXAR OFFERS THE INDUSTRY’S LARGEST
FAMILY OF SC FILTERS.

-48.0
Fxuad ¥ 1

SELECT MEAS

With extensive experience in the design of modem filters, EXAR offers you the widest selection of high performance
general purpose switched capacitor filters. EXAR's filters are manufactured in our state-of-the-art Class 10 CMOS
wafer fabrication facility utilizing proprietary double poly, double metal CMOS process.

EXAR filters give s Low Power = Wide Supply Range including single 5V
you the edge that no = Low Noise » Faster Clocking Capability (typically 2.5 MHz)
competition can match: » Lower Clock Feedthrough Voltage s Low Output Offset Voltage

THE EXAR FAMILY OF FILTERS

EXAR offers you the quality and customer support

XBA0IS | 7th-order Eliptic Lowpass Fifter needed for your filter applications. In addition, EXAR
g ; - Q@ﬁmamﬁm NOW can address your specific filter requirements with
5 | XR1010 | Dual Second-order Switched Capacitor Building Block NOW customized switched capacitor solutions. Utilize our
RS L e b i years of engineering expertise and know how in filters.
E YR-1001 | Fourth-order Lowpass Filer Butterworth 100:1 NOW Call or write EXAR for your filter needs. 750 Palomar
XA-1002 __ Butterworth 50:1 Now Avenue, Sunnyvale, CA 94086 Tel. (408) 732-7970.
a |__XR-1003 Fourth-order prassFm:BesseHOOfl NOw
= | X100 Bessel 50:1 P e TN A8 T i e S e e TR
§ ::: Fh s o P E{'e?ys?ev 3‘::: "5]3: :ga [ Please send me additional information on General Purpose Filters. EDNO051487
XR-1007 Fourth-arder Lownass Filler Chebysheyv 0.50B 100:1 NOW [[] Please send me information on Modem Filters.
[ XR-1008 Fourth-order Lowpass Filler- Chebyshev 0.508 501 NOW [ Please send me EXAR's Short Form Catalog.

Available soon in military grade.

Name Title
(Fitters) Company Dept./Div.
XR-2120 | Bell 2124 PSK/ | 12007300 | CMOS Low external component
FSK Small package (4" wide, 22 pin) Address
XR-2126 | Bell 2124/ PSK/ | 1200/300/ | CMOS AMI 535212 compatible
-} COITT Vo2 FSK | 2400 Reticon RM5632A compatible
= COITT V.22 bis Gall Progress monitoring City State Zip
= | MR2127 | Bell 2128/ PSK/ | 12007300/ | CMOS AMI 535212A compatible
= CCITT vi2z FSK | 2400 ALB test mode
o] CCITT V.22 bis Call Progress monitoring Phone ( ) Ext.
S [h2izn | Beil 2120/ PSK/ | 12007300/ | CMOS | ALBtest mode
= CCITT V.22 FSK | 2400 Enhanced Call Progress monitoring Application
== COITT V.22 bis {fo/2.5)
KA#120 | Bel 2127/ | PSK/ | 1200/300/ | CMOS | Designed to complement
COITT V22 FSK | 2400 XR-2121/XR-2122/XR-2125
COITT V22 tis 1.8432 MHz onboard oscilfator
Additional worst case line equalizer
LB et 750 Palomar Avenue, Sunnyvale, CA 94086  Tel. (408) 732-7970  TWX 910-339-9233
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NEW SOFTWARE

GIVES YOU
FASTER TEST

SOLUTIONS!

(Fully Automated System
Troubleshooting)
Completely Eliminates
The Drudgery Of Testing!

New IBM PC-based
FAST software gives you
the lowest-cost solution to
testing even the most
sophisticated chips and
boards. FAST completely
automates your test
functions and provides
instant test results and
troubleshooting guidance.
The turn-key FAST system
meets every design
engineering, manufactur-
ing test, and field test
requirement!

® Easy to use; makes you
productive in minutes

® No need to write test
procedures

® Works with your existing test
patterns and test set-ups

® Tests parts in live systems

® No need to disconnect clocks,
feedbacks, or single shots

® Handles all parts

FOR A FREE DEMO DISKETTE
CALL

(805) 499-6867

LDEC

Automated Logic Design Co.
3525 Old Conejo Rd,, #111
Newbury Park, CA 91320

Dealer & Rep Inquiries Invited
120 CIRCLE NO 31

PRODUCT UPDATE

VME Bus disk controller has
2.4M-byte /sec access time

The 752 H-SMD disk controller uses
an 8k-byte FIFO buffer, read-ahead
techniques, and a proprietary sec-
tor-packetizing scheme to achieve a
disk-transfer rate of 2.4M bytes/sec.
According to the manufacturer, the
controller exhibits a peak DMA rate
of 18M bits/sec and an aggregate, or
weighted average, rate of approxi-
mately 10M bits/sec.

The VME Bus disk controller
uses a scheme the manufacturer
calls “Dynathrottle” to create pack-
ets of as many as six disk sectors,
which are then sent via DMA to the
host processor. This technique re-
duces the intersector dead time,
which can account for as much as
50% of the time required for data
transfer between a disk and the
host. The size of the packets is de-
termined in part by the amount of
data accumulated in the controller’s
onboard FIFO buffer, which oper-
ates as a cache for disk data.

The Dynathrottle scheme also al-
lows you to use software to regulate
the size of packets. For example, if
you wish to emphasize fast disk-
access time, you can use a large
packet size; if you want to distribute
bus time more evenly among the
devices on the VME Bus, you can
use smaller packets.

In conjunction with the Dyna-
throttle technique and the 8k-byte
onboard FIFO buffer, the 752 em-
ploys a read-ahead technique. The
controller reads ahead on the disk
until the FIFO buffer is filled. Be-
cause most file systems require a
number of sequential sections, this
read-ahead technique provides a
high hit rate, even for multiple block
reads.

The disk controller supports any
5%- to 14-in. SMD-interface drive
having transfer rates from 1M to

By employing read-ahead and sector-
packetizing techniques, the 752 single-board
disk controller achieves an aggregate DMA
transfer rate of 10M bits/sec.

2.4M bytes/sec. You can attach any
two such devices to the controller.
The disk controller’s program-
mable interrupt levels, vectors, and
address modifiers allow it to support
multiple processors. The 752 also
supports both 32- and 48-bit error-
detection and -correction schemes.
The board costs $2695.
—Jim Wiegand
Xylogics Inc, 144 Middlesex Tpk,
Burlington, MA 01803. Phone (617)
272-8140.
Circle No 727
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It takes a year to get these
SOS RAMs-true or false?

"~ Also avallabie:

MASSI101 256xYy
MS 51 YKx |
MASSIIE | Kxy
MAS6I67 (6K« |

It's true with some suppliers. But not
Marconi. We can deliver MAS6116

2K x 8 bit RAMs from stock in four to
six weeks flat!

These Static RAMS answer your
need for both delivery and reliability,
meeting MIL-STD-883C requirements
for Class B devices (for class S devices
allow slightly longer). They also pro-
vide exceptional radiation hardness,
with figures that far exceed VHSIC
requirements:

Octals to DSPs to gate arrays. Our
expertise also includes standard cell
SOS products, as well as standard and
semi-custom non-rad hard CMOS
devices.

So for 2K x 8 SOS RAMS now—or for
any CMOS need—put Marconi to the
test; you'll be impressed with our
answers. Forimmediate product and
delivery information, fill out the
coupon below. Or contact
Marconi Electronic Devices, Inc,

[[12K x 8 SOS RAMSs in four weeks? Of
course I'minterested. Have a Repre-
sentative contact me at once.

[1Send me information about Mar-
coni devices. | am interested in:

e Total Dose: > 100K RAD (Si) Integrated Circuits Division, Compaty

e Transient Upset: > 10 RAD (Si)/sec. 45 Davids Drive, Hauppauge, NY 11788; street

e Latch up: Not possible! (516) 231-7710. ; .

e Single Event Upset: < 2 x10-% City State Zp—
errors/bit-day. Telephone( )
Marconi's advanced technology Clip and mail to: EDNO051487

and fast delivery are the results of ten

years of SOS manufacturing experi-

ence. That experience stands behind 45 Davids Drive, Hauppauge, NY 11788.

all our SOS devices, from RAMS to Integrated Circuits Division L_ _________________ _]
CIRCLE NO 15
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Crirgp performance story.
Hz, and economy too0.

AMP is a trademark of AMP Incorporated



Our solderless SMA connectors
for semi-rigid coax have

already changed the way people
think about productivity in
manufacturing and field repair —
and put a lot of soldering equipment
in the corner to gather dust.

Now our latest versions are
pushing performance even further
by handling frequencies up to 26
GHz. And we aren’t through yet.

We're also offering tighter
radius 90°s on our “short style”
SMAs, and blind-mate styles for
rack and panel applications. And
MIL-C-39012 types qualified to

Category F.

And a variety of stripline
launchers for optimum board-to-
cable signal transfer. And an
expanded selection of adaptors
for easier interface with other
configurations. And the option of
integral environmental seals that
apply as you erimp.

And we're still offering
installation that takes just
seconds, with simple, first-time
phase matching. And a finished

job that outperforms conventional
systems in ruggedness, space
requirements, weight —and
installed cost.

In short, a lot of erimp SMA
performance and a lot of AMP
support that takes a lot of heat
off you.

Call (717) 780-4400 and ask
for the SMA Information Desk.
AMP Incorporated, Harrisburg,
PA 17105-3608.

ANP Interconnecting ideas

Blind mate
styles simplify
rack and panel
installations.

Variety of microstrip
P launchers for maxi-
| 1 mum signal out in
| minimum space.

Panel/bulkhead jacks
and adaptors for easy i i
mating with other = A=
configurations. : l

|

e
sill T = )

1]
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Cadnetix
the standard C

Finally, full-function CAE for your
standard IBM PC.

For a long time, full-function CAE and a standard
IBM PC couldn’t be mentioned together in the same
breath. The Cadnetix PC System has changed all that.

Finally, an experienced CAE vendor has outfitted an
unmodified IBM PC/AT™ or XT™ with the same excellent
hierarchical schematic capture tools included on our
high-end workstations. We've given you immediate access
to real CAE component and semicustom libraries via
Ethernet™ And, we've made your PC a “window on the
network,” linking it to powerful Cadnetix engines for
simulation, physical modeling and physical layout. All thls,
without expensive alterations or add-on hardware.
The Cadnetix PC System is a complete CAE resource
that hasn’t been converted into a high-cost hybrid. f

The super-computer power of Cadnetix | \
Engines, directly available to your PC’s.

With Cadnetix, your IBM PC becomes much
more than a normal entry-level CAE workstation. For
fast analysis of your largest designs, Cadnetix gives you
direct access from your PC to our full line of CAE Engines.

124
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You'll develop designs on the PC, then compile and
analyze them on high-performance engines tailored for
accelerated compilation, simulation, physical modeling
and database management. And Cadnetix has integrated all
of these functions into a single network resource featur-
ing both a RISC processor and a bit-slice processor to
accelerate various applications tasks.

Our Analysis Engine is a versatile processing node
offering you the choice of configurations you need for
your design analysis environment. With up to 280 Mb of
disk, mass storage for database management is essen-
tially unlimited. Options include:

Bit-Slice Engine with Simulation: This bit-slice
application-specific accelerator speeds through
logic simulations at 200,000 evaluations per
second — 200 times faster than typical work-
stations. Worst-case analysis tools are standard.
GP Engine: A general purpose engine providing
accelerated compilation and SPICE. Based on
a RISC architecture chip set, it has an effective
operating rate of 10 million instructions per
second. In addition, a compiler and debugger
tool set allow you to accelerate ‘C’ programs
which you develop.
Physical Modeling Engine: This engine simulates
EDN May 14, 1987




introduces
AE workstation.

VLSI chips at vector rates of up to 160 MHz and
accommodates devices with up to 364 inputs and
384 outputs. Vector storage of 512K x 91 bits
provides for longer simulations and simultaneous
analysis of up to 30 devices.

Powerful Cadnetix engines complement PC capabili-
ties, achieving top efficiency in compute-intensive design
tasks while supporting lowest-cost per engineer for
routine access.

Now your PC has the capability of an
entire design network.

The Cadnetix PC System is not just another PC
software package. It is your window to complete, sup-
ported solutions for electronic systems design. <

The NFS® protocol, a powerful networking stan- 47
dard, provides immediate and transparent remote |5
file access to our full range of design tools: PC’s for §§
engineering design, high-performance workstations

for advanced design tasks, high-capacity file servers
for mass storage, engines for applications demanding
peak power.

Cadnetix protects your investment with the most
comprehensive set of data access standards available. With
-\ UNIX™and EDIE your data is always accessible. And with

"\ remote login capability, you can access any UNIX node
on your network through the UNIX window on your PC.

Cadnetix has established the standard for ease of
1 use with its industry-leading object-oriented user inter-
| face. Cadnetix has brought this interface to the IBM PC,
' giving you the shortest possible learning curve and

eliminating a significant hidden cost of other systems.

Find out about the Cadnetix PC System. Discover
the unlimited design potential of your PC.

CADNETIX
Solutions for system design.

Cadnetix Corporation, 5757 Central Ave.,
Boulder, CO 80301 (303) 444-8075

IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation
NES is a registered trademark of Sun Microsystems, Inc. UNIX is a trademark of AT&T Beil Laboratories, Inc

EDN May 14, 1987 CIRCLE NO 130 125

|
| - ’




READERS’ CHOICE

Of all the new products covered in EDN’s March 4, 1987, 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, or refer to the

indicated pages in our March 4, 1987, issue.

A DIGITAL PATTERN GENERATOR

The DataSource-8600 is a hardware/software package
that turns an IBM PC or compatible computer into a
low-cost, high-performance digital pattern generator,
recorder, and analyzer (pg 99).

Analytic Instruments Corp.

Circle No 603

A VOICE-COMPRESSION CHIP

The DS2167 combines a digital signal processor with
an algorithm known as Adaptive Differential Pulse
Code Modulation on a single chip. The result is a
32k-bps voice-transmission rate, which doubles the
capacity of T1 lines (pg 104).

Dallas Semiconductor Inc.

Circle No 601
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A ROTARY ENCODER

The Model RE10 magnetic rotary
encoder bridges the gap between
industrial encoders and open-frame
kits. The compact, lightweight de-
vice is impervious to environmen-
tal hazards (pg 100).

National Machine Systems Inc.
Circle No 602

C COMPILER

The C 386 compiler and the RLL 386 relocation, link-
age, and library tools package are 80386 software-
development tools that run on the IBM PC/AT or
compatibles (pg 203).

Intel Corp.

Circle No 604

A DOT-MATRIX PRINTERS

The FX-86e (80-column) and FX-286e (136-column)
are 9-pin dot-matrix printers that provide Roman and
sans serif near-letter-quality fonts as standard fea-
tures (pg 204).

Epson America Inc.

Circle No 605
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TEKELEC’S CHAMELEON™ 32 ISDN TESTER BRINGS YOU

ISDN TESTING TODAY

ISDN INTERFACES

Primary Rate Interface for direct

connection to 1.544 (23B + D) or 2.048

(30B + D) Mbps ISDN interface

@ Monitors a DS1 service (two DS1
signals) and simulation of a DS1
TE/NT or CO/ET

Basic Rate Interface for direct

connection to a 192 Kbps (2B + D) ISDN

interface

® Monitors a Basic Rate Interface (S or
T) and simulates a Basic TE or NT

Insertion or extraction of information

from signaling or (D) channels 56 or 64

Kbps data (B).

ISDN/LAPD software packages

including Q.921/Q.931 analysis and

automatic LAPD simulation

FINISHED SIMULATION
AND ANALYSIS

APPLICATION PACKAGES

@ X.25 Official Qualification Procedures
as used for the Department of
Defense DDN Network

® X.75 Certification Procedures
developed for interoperability testing
by a major Bell Operating Company

® SNA 3270 and BSC 3270 Exercisers,
prewritten tests for exercising IBM
devices

@ Real Time display of interpreted traffic

® History display of interpreted traffic
from the acquisition buffer

e Event display of BOP frame types

® X.25, SDLC/SNA and Bisync statistics
packages

® 20 Mbyte hard disk provides abundant
storage space for your own scenarios

COMPATIBILITY

Upward compatibility with Chameleon
and Chameleon Il applications allows
you to run and expand existing test
solutions on the Chameleon 32.

“C” PROGRAMMING
LANGUAGE SUPPORT

With Tekelec’s “C” programming
capabilities for the Chameleon 32, you
can write application specific programs
tailored to your individual needs.
Tekelec’s “C” Programming Package
includes specific libraries written by
Tekelec for HDLC, SDLC and LAPD.

“PAGES”

Innovative page display feature allows
multiple simulation tests on various
channels to be viewed simultaneously.
The five analysis applications, Statistics,

Real Time, Triggering, History and Event

can be displayed simultaneously on
different pages.

TG etaiva Yot Hee diirin SR 1SR tasting crasyiy

o receive your free guide on ISDN testing, simply fill
| out and return this coupon, or call the toll-free

| number listed below.

EXPANDABILITY

State-of-the-art hardware and software,
with expandable chassis and bus
architecture provide the flexibility you
need for growth over many years.

TWO MACHINES IN ONE

Dual port allows you to simulate or
analyze different channels on the same
or different physical ports
simultaneously.

TRIGGERING

® Virtually unlimited number of triggers
may be implemented

® Multiple conditions and actions may
be set for each trigger

EDNO051487

. Name:

| Title:

| Address:

l Address:

| Phone: ( )

s i i s i i S

/

e e e o i T e il s et

Call today to get your solution tomorrow, 1-800-TEKELEC

In CA and AK, 818-880-5656

Chameleon is a trademark of Tekelec.

EDN May 14, 1987
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Testing communications of the future today.™
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TEKELEC e 26540 Agoura Rd., Calabasas, CA 91302 e TLX 427712 e FAX 818-880-6993
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You wouldn't do this with your Analog VLSI devices.

lou’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 genexatlon 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

128

“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 May 14, 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.
Or call your nearest Teradyne sales office or write:
Teradyne, Inc., 321 Harrison Avenue,
Boston, MA 02118.

EDN May 14, 1987 CIRCLE NO 133
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“My interconnect
supplier better

act like a
partner-
or he’s off

the list.”




Tough customers

team with 3M.

Tough, demanding customers like you are
putting 3M at the top of the supplier list, to boost
the design and production efficiencies that give
you an edge in today’s marketplace. Why? An
expanded line of interconnect products and a
growing commitment to service.

New, broader product line. With 3M as
your partner, you get more choices than ever—at
every interconnect level.

M 3M’s advanced TAB technology bridges the
IC-to-package gap with tapes that connect up
to 400 peripheral leads per IC.

M Textool test, burn-in and end-use IC sockets
and carriers are crucial to your product
reliability.

M A growing array of PWB connectors and cables
meets your tough design criteria.

M Application-specific IDC or molded cable
assemblies are delivered promptly from
assembly centers nationwide.

M Standard and customized transmission
line assemblies match your high-speed
data applications.

New, broader service commitment.
Tough customers like you demand services that
increase design and manufacturing efficiency.
With 3M as your partner, you get more service
than ever.

Need better response and updating on
orders? 3M’s Order Expresss pools order-
processing activity at a single toll-free number.
Ready to network your orders to complement
JIT processing? 3M’s EDI capabilities are

ready to serve your real-time
ordering needs. Want a maximum
first-pass yield on products you
receive? 3M’s Statistical Process
Control means you receive on-spec
products.

New, broader support capabilities.
Tough customers with tough questions can
get help over the phone from 3M technical
personnel. We will provide you with
specification or application data.

Backing up 3M in your area
is our professional direct sales
and distributor network. These
experts respond promptly to
your needs and get you the
samples or data you need
to move your design into
production. We’ve even
improved our product
catalogs, so now it's
easier than ever to
specify 3M quality
for your design.
Even the one you
need by yesterday.

Now that
we’ve expanded
our product line £
and services,
teaming up
with 3M js the
surest way to
cut costs and
boost efficiency.

For sales and
ordering information,
dial 1-800-CALL-EPD or
write Electronic Products
Division/3M, Department T,
P.0. Box 2963, Austin, TX
78769-2963.

AN
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LEADTIME INDEX

Percentage of respondents
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Toroidal 0 29 HEE . 14 0 0 /8 86 General purpose 30 35 & 10 0 0 46 56
Pot-Core 0 25 &8 12 0 0 | #Fl 96 PC board 10 42 32 16 0 0O 82 79
Laminate (power) i s B5I8 o WON o o aq Dry reed B 50 '8 12 BOE o EAE 7o
CONNECTORS Mercury 0 33 §5 0 0 0 63 101
Miiitary panel B 40 FGE 20 FGE o FrE0s Solid state A 7 B 13 §aT 0 EERE 79
Flat/Cable L 47 geil 6 I 0 488 66 DISCRETE SEMICONDUCTORS
Multipin circular 13 12 FeSl 50 0 0 SOEm 73 Diode 23 o 4 0 0 B38% 63
PC 20 30 AN 0 0 0 49 64 Zener 41 18 129 12 0 0 B3 69
RF/Coaxial 17 3 |80 0 0 0 SO0 79 Thyristor 13 7 fa8 12 0 0 P81 83
Socket 30 45 '8 10 0 0 41 45 Small signal transistor 31 23 & 8 0 0 88 76
Terminal blocks 29 53 B 0 0 0 38 43 FET, MOS 29 36 = 7 7 0 BSFR 69
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it = 2 B 0 BRE 0 862  INTEGRATED CIRCUITS, DIGITAL
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Power 20 50 30 0 0 0 39 54 TTL 36 o7 32 5 0 0 41 63
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Carbon composition 50 29 14 ¥ 0 0 a8l 53 RAM 64k 25 42 25 8 0 o BN ss
Metal film 47 21 21 1 0 0 5388 6.2 RAM 256k 27 46 18 9 0 0 42 82
Metal oxide & B [ 0 08 0 [37 54 ROM/PROM @ 4 [2¢ 0 [0 o MA5Y 67
Wirewound 12 47 |35 6 0 0 51 69 EPROM 25 44 12 19 0 o B2 60
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FUSES Panel meters 00 30 58 10 B o JEEE a2
50 28 22 0 0 0 26 41 Fluorescent 20 20 20 40 0 0 84 12
SWITCHES Incandescent 8 25 FEE o MO o BR8N 86
Pushbutton 24 33 2 9 5 0 [ GO 55 LED 25 25 40 10 0 0 HBS 64
Rotary 19 25 &8 12 0 0 'Bas 73 Liquid crystal 12 3 88 19 0 0 88 ' 96
Rocker 29 43 21 7 0 0 | 418 46 MICROPROCESSOR ICs
Thumbwheel 10 40 40 10 0 0 60 64 8-bit 29 28 43 0 0 0 43 78
Snap action 25 17 2 8 8 0 o 51 16-bit 40 20 40 0 0 0 38 82
M ntar 10 40 30 10 10 0 (f4fl 74
Dt?:l"ien-llney 20 40 20 0 20 0 (79 68 FUN..CTION PACKAGES
Amplifier 33 17 §a 17 0 0 58 18
WIRE AND CABLE Converter, analog to digital 1 33 M5 n Bgh o JENN 70
Coaxial O ¥ BB 9 [ O 0 (A48 48 Converter, digital to analog 14 14 B850 15 §0 0 ¥R 77
Flat ribbon 4 N1 6 0 0 [ 811} 50
Multiconductor 22 19 9 0 0 0 [ 868 48 LINE FILTERS
22 22 FSe 0 0 0 S 83
Hookup 64 27 9 0 0 0 (158 19
Wire wrap JE s BaE o MO o W s CAPACITORS
Power cords 50 a7 128 6 0" o0 [0 a5 Copriis 1~ g 26 B 6 T 0 S 49
Other 0 0 100 0 0 0 80 60 geramlc monolithic 4 29 24 6 0 0 [87 46
eramic disc
POWER SUPPLIES = NN NN N B
Switching 12 31 388" 19 0 0 68 94 - -
T 10 20 40 10 0 0 66 86 Electrolytic 25 35 & 15 0 0 F5& . 52
T BREAKERS Tantalum 26 35 = 4 0 0 (48 63
SN S 1 5 - B6M o EEWE s INDUCTORS
12 38 38 12 0 0 G 76
HEAT SINKS
200 63 §@W O fG° 0 2760 Source: Electronics Purchasing magazine's survey of buyers
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SIEMENS

Surface mount

varistors...

technology in a new dimension.

Introducing Siemens surface
mount Metal Oxide Varistors...
our newest generation of surface
mount innovation.

Siemens pioneered surface
mount technology, and we've
never stopped directing its
destiny. That's why our new
varistors do more than provide
the many advantages of surface
mounting (such as reducing
harmful effects of ESD) — they
give you renowned Siemens
quality and flexibility. For
example, Siemens varistors are

Slemens...your partner for the future /4

symmetncal in shape — which
means your production line
moves faster and smoother
because there’s no need for |
orientation.

Siemens high quality surface
mount varistors are available
with voltage ratings from 4 to
300V AC (5.5 to 385V DC) and
comply with IEC Standard 384.
Each is a breakthrough of small
proportions with big advantages
for you.

in surface mount varlstors

Call 1-800-222-2203 x4546 for
immediate design or delivery
information. Or return the coupon
for our new data sheets.
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134 DN May 14, 1987



High-Speed, Low-Power, Digital ASICs with
Analog and I/0 Functions

Break out of the

speed/power trap

Caught in the speed/power

trap? CMOS too slow, ECL | Gate Count..... i

too hot? Tired of leaving Fl Fl T fah

analog or high current Ip- °p 099 e

drivers off your chip? |/ 0 COUﬂt il

Ferranti Interdesign offers Pln Count o ) o
you alternatives with an | Bus Driver !/ O 48mA at 0 5V VOL
advanced 1.5um double

and draw on our over 15
years of linear and digjtal
design experience.

UIA - Your High
Performance ASIC
Solution

Why wait—when you can
start reaping maximum
benefits in terms of per-
formance, economics,

layer metal bipolar process

that’s faster than CMOS, demands
less power than ECL and requires
only low-cost standard packaging.

Whether your design calls for
high-speed, low-power digital gate
arrays or digital gate arrays with
analog and bus driver functions,
Ferranti Interdesign has the
answer.

Differential Logic-
2 to 4 times faster-
2 to 4 times lower power

Our advanced ‘“‘Differential Logic”

circuit techniques allow the ULA
to achieve flip-flop speeds up to
250MHz at only 425,W — But
don’t stop at your logic gates —
Put more of your system on the
chip, standard single-cell 48mA

VALID is a trademark of Valid Logic Systems
Inc., Daisy is a trademark of Daisy Systems Corp.
VAX is a trademark of Digital Equipment Corp.

EDN May 14, 1987

peripherals give you up to 40 bus
drivers!

Each ULA in the DS Series contains
high-performance /0 cells. These
cells are designed to allow the in-
tegration of special digital and
linear functions such as compar-
ators, oscillators and amplifiers for
extremely versatile interfacing.

With complexities from 600 to
10,000 gates, system speeds to
100MHz at an average gate power
of only 210uW, the ULA-DS pro-
vides #he low-power solution to
your increased speed requirements.

Unparalleled CAD support

Ferranti Interdesign offers the
designer complete CAD support
with an extensive macro library
on your Valid™, Daisy™, or VAX™
workstation, or if you prefer, con-
sult our engineers, free of charge,

CIRCLE NO 157

reliability and design
security, today, by putting your
system on silicon with the High
Performance ULA-DS Series—
another ASIC solution from
Ferranti Interdesign.

For more information on the ULA
family and our full range of
Analog, Digital and mixed
Analog/Digital ASIC products and
capabilities, please call us at (408)
438-2900.

Solutions
in
Silicon

FERRANTI
Ferranti Interdesign Inc

Sequoia Research Park
1500 Green Hills Road
Scotts Valley, CA 95066
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Jaudd

We know you face stiff competition
with your next generation of products.
We're actively working to help you stay
in front.

Starting with substantial invest-
ments in research and development
and in product, process and mechani-
zation engineering, we have committed
all of our resources to a single goal: to
be the leading source for the advanceda,
reliable passive components you Il
need in the months and years ahead.

Broadest line of passive
components in the U.S.

Since we've combined the resources
of Mepcoy/Electra and Centralab, we
can meet your needs better than ever.
We offer the broadest line of passives
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E’LL BE AROUND FOR

AND THE NEXT.

Mepco/Centralab is investing
to keep you ahead of

We also have a broad selection
of resistors, including Thick Film Chip
Resistors. Metal Film Resistors. Preci-
sion MELF Resistors. Nonlinear Resis-
tors. And Trimming Potentiometers.

Our electromechanical line includes
Rotary and Pushbutton Switches. Key-
switches. Membrane Switches made
to your precise specifications. And
custom or standard Potentiometers.

Leading in SMDs “ : selection,
performance and reliability.

..... - We can meet your growing needs
for superior component performance
in small sizes. We offer the largest
selection of passive Surface Mount
Devices (SMDs) in the industry, many
with unique performance advantages.
For example, our BLUE CHIP® Tantalum
Capacitor has achieved worldwide
recogmition for reliability in many
applications that demand outstanding
electrical characteristics in a
very small Size.

Our SMD Ceramic Chip
Capacitors are another example of how
Mepco,/Centralab can help you greatly
enhance circuit board density with

in the inaustry. Both leaded and surface
mount. And we're adaing new com-
ponents, new configurations and new
packaging alternatives all the time.

For example, we challenge you to
find a supplier that can match Mepcoy
Centralabs wide selection of capacitors.
Ceramic Capacitors. Film Capacitors.
Alurminum Electrolytic Capacitors.
And Tantalum Capacitors.

superior SMD components. They offer
B State-of-the-art volumetric efficiency
/ - In a capacitance device. And they re

available in a wide selection of capaci-
tance values, dielectric materials and
voltage ratings.

»SMD is a service mark and BLUE CHIP
is a registered trademark of North American Philips Corporation.
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$20 million in passives
your competition.

are responsible for testing
product quality at frequent inter-
vals—at each critical step of
every manufacturing operation.
Through the personal com-
mitment to quality control that is
shared by each of our employees,
our most demanding custorners
can rely on Mepco/Centralab. Time
after time. We're dedicated to manu-
facturing passives that meet your
requirements, and we have imple-
mented quality programs such as
“Ship to Stock.”

We’re backed by Philips—
a worldwide technology leader.

Were a North American Philips
company. As such, we share the
resources and know-how of Philips—

HE NEXT GENERATION.
AND THE NEXT...

Make us a part of your
next generation.

We want to be your partner in
passives. Were prepared to meet your
toughest performance or selection cri-
teria in order to prove our capabilities.
We'll meet your volume requirernents as
well as your precise scheduling needs—
including “Just in Time" delivery.

With Mepco,/Centralab, you'll find
the selection, reliability, availability and
technical support you need. All from
one dependable source. So beat the
competition with your next generation
of products. Team up with the active
leader in passive components. We'll
be around.

For more complete information on
our product line, please send in the
coupon. Or call us at (305) 881-3257

an established leader in surface mount
technology and electronics research
and development. We have the com-
mitment, the financial strength and

Mepco,/Centralab, Inc. DS '
2001 W. Blue Heron Bivd.
Riviera Beach, FL. 33404
Att: Corp. Advertising

the stability to stay the active leader
in passive components well into
the future.

At Mepco/Centralab, quality
is everyone’s responsibility.

Statistical Process Control is at
work in all Mepco/Centralab manu-
facturing plants. Qur online operators
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Yes, | want to stay ahead of my competition.

Please send me the following catalog(s):
O Surface Mount Device Catalog O Electromechanical Product Catalog
O Leaded Resistor/Capacitor Data Book [ Please have a representative call.

Name Title
Company Dept.
Address City

State Zip Phone ()
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MEPCO/CENTRALAB

A NORTH AMERICAN PHILIPS COMPANY

THE ACTIVE LEADER IN PASSIVE COMPONENTS
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Analog CAE packages are

steadily improving. Select- B()ar d_le‘ 761
Ing one isn’t easy, how-

ever. What’s more, you

might find 1t difficult to
decide when the use of an O

such systems 1s appropriate.

Special Report

Using Monte Carlo analysis to determine the
effect of component variations on circuit op-
eration, MicroSim’s PSpice can help you
create designs that are tolerant of manufac-
turing inconsistencies.

#) Exit 2) Remove Trace 3) X Axis 4) ¥ fAxis 5) Add Plot 8) Hard Copy : 5

David Shear, Regional Editor cost personal-computer-based ver-
sions to ones costing $50,000 and
Selecting an analog CAE system more that run on minicomputers or
can prove to be difficult and time mainframes. You might find use for
consuming. You won’t find bench- systems at each end of this spec-
marks that enable you to readily trum: A Spice derivative that runs

compare the relative performance  on a PC might be best for obtain-
of systems like those listed in ing a first look at a design’s behav-
Table 1 on pg 142. You’ll have to ior; for more accuracy, you can
balance such factors as the hard- later employ the more complex
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ware the system requires, the cir-
cuit simulator it employs, and, of
course, the cost. In addition, you'll
have to evaluate such subjective
criteria as the friendliness of the
user interface and the importance
to you of any high-level design aids
(like behavioral modeling) the sys-
tem might offer.

The packages range from low-

models of a more expensive CAE
system.

Know when to use a system

But knowing which system to
select isn’t the only difficulty you’ll
face in adopting computer-aided
analog design. Completing an accu-
rate design on schedule will de-
pend on your ability to know when
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to use the system you do buy,
which, after all, will be only one of
many design tools at your disposal.
Although many such systems offer
features like virtual instruments,
the systems don’t replace scopes
and soldering irons: You'll find
times to use the analog CAE sys-
tem, but at other times you’ll re-
main at the bench. To effectively
use the CAE tools, you’ll have to
develop the skills to know when
each tool is appropriate.

The ambiguity attendant to the
selection and application of analog
CAE systems mirrors the ambigui-
ties of analog design itself. When
you begin an analog design proj-
ect, you can employ a textbook ap-
proach to develop an idealized ana-
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log model that meets your design
goals, but when you substitute real
components for your ideal models,
you'll often as not find that para-
sitic effects preclude the results
you wanted. You must then modify
the circuit in an effort to achieve
the desired goal.

No substitute for reality

Traditionally, such modifications
have involved expensive, time-con-
suming pe-board rework. With an
analog CAE system, you can quick-
ly accomplish some of the manipu-
lations involved in minimizing un-
wanted real-world effects before
you ever sit down at the bench
with a hand-wired prototype, but
no system can model all of the par-

Computer simulations meet the real world
in today’s sophisticated analog CAE pack-
ages. Features like behavioral modeling can
prove to be invaluable when you need to
model electromechanical equipment. You
can’t readily describe such equipment in
a form that an electronic-device simulator
like Spice can understand. (Photo courtesy
Analogy )
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Functional descriptions allow you to quick-
ly enter complex circuits without having to
design each of the individual pieces. Daisy
offers a library of functional descriptions.
You can play what-if games at a very high
level to check the architecture of your design
before getting into the details of the compo-
nent-level design.

asitic elements that might influ-
ence a pc board’s operation. Even-
tually, you must build the
real-world device and see how it
reacts. Nevertheless, judicious use
of automated tools can help ensure
that your first prototype comes
close to meeting your original de-
sign goals.

You might begin the process of
selecting an analog CAE package
by imagining a version of the ideal
analog CAE system (see box, “The
ideal analog CAE system”) and
comparing the available products
to your ideal. You can begin your
comparison using Table 1; as a
next step, you can evaluate the
demos that many vendors offer.
Demos help you determine if a pro-
gram accepts and displays data in
a format you are comfortable with.

Evaluating a demo should be one
step in product selection, but it
should never be your only step.
Demos are invariably impressive,
but quite often the displays you
see are created from a file of pre-
calculated data. Such demos don’t
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Compare available products Wz'thglour no-
tion of what an ideal analog CAE system

should do.
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actually run the vendors’ simula-
tors, for example, so the speed of
screen update is not indicative of
the systems’ real-time response.

Use the system you might buy
Therefore, when you’ve made a
tentative purchasing decision, use
the system you plan to buy in an
actual design. A short design ses-
sion can help you determine not
just how well the system works
but also how well you work with
the system. If you schedule such a
session, be sure to explain to the
CAE vendor in advance what you
want to do so the vendor can be
prepared to help you: Keep in
mind that you won’t be an expert
in the operation of the system
you're evaluating when you begin
the session; you’ll have to rely on
the vendor to filter the instructions
necessary for your test design
from the system’s documentation.
Should you buy a particular ven-
dor’s product, you would be well
advised to attend the classes that
the vendor offers so that you can
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begin to master all the capabilities
of what is probably a complex
system.

The capabilities that you’ll find
as you evaluate the packages range
from behavioral modeling, which
lets you evaluate a design concept,
to parameter-variation analysis,
which lets you evaluate a design at
the component level.

Behavioral modeling is useful be-
cause the vast majority of analog
systems interact with an electro-
mechanical device: a motor or a
sensor, for example. You can’t
readily describe such devices in
terms that standard analog model-
ing programs (Spice and its deriva-
tives) can understand, but CAE
systems that offer behavioral mod-
eling allow you to use what ven-
dors call templates to simulate any
analog system that you can de-
scribe with a set of mathematical
equations.

When you represent a system
behaviorally, you’re using a top-
down methodology to create a de
sign. First, you describe the entire

EDN May 14, 1987



system by defining the behavior of
the various black boxes that make
up the design. Once the high-level
design functions properly, you
begin the detailed design of the
first black box. You design and
simulate this black box separately
from the entire system; then, you

test the completed black box with-
in the entire system, verifying
that it performs its required func-
tion. You then progress to the
other black boxes until the entire
system has been designed and the
system simulation is working.

You will also find it useful to be

The ideal analog CAE system

As a starting point in the selection of an analog CAE system, you
might define what you consider the ideal system and then see how
vendors’ offerings measure up.

Your ideal CAE system might allow a hierarchical design input
that begins with a description of your design goals. With this
system, you would divide the design into separately created func-
tional descriptions. These high-level descriptions in turn would
allow you to try different architectures and approaches with rela-
tive ease. At this level, you wouldn’t consider the compromises that
your design would ultimately entail; you would simply test your
basie theory. When satisfied with this functional design, you would
verify it by using the ideal system’s high-level simulator; then, you
would modify the design as needed.

After you've designed and verified all of the functional blocks,
the ideal CAE system would help you lay out the pc board. This
process would be interactive so that you could bring your experi-
ence to bear to optimize component placement.

After layout, the ideal CAE system would model the parasitics
that would plague the finished board to determine whether the
board would meet spec. The layout and parasitic-modeling pro-
cesses would repeat until the design worked in a simulated real-
world environment.

When you are pleased with the design, the ideal analog CAE
system would interface to a plotter (for the creation of the pe
board artwork), to an automatic assembly system, and to automat-
ic test equipment.

The ideal system would automatically create and update models
by measuring real-world components and boards.

The ideal system would automatically conduct design verification
at all levels; verification would consist of design-rule checking and
simulation. Documentation would be hierarchical; the system would
automatically update any changes to all affected documents.

The ideal system would be truly easy to use. You would not need
to have a Unix guru on staff; you wouldn’t even need to know one.
The system would include virtual instruments that would work
just like the real ones, allowing instantaneous changes of settings.

And of course, the ideal system would be affordable.
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able to functionally describe the
system you are designing. A fea-
ture that vendors call “functional
description” allows you to imple-
ment a high-level representation of
a functional block like a differentia-
tor, integrator, or multiplier—you
needn’t model those functions at
the device level.

Improving product quality

Many of today’s analog CAE sys-
tems automate tasks relating to
the quality of the product you de-
sign. Such packages offer features
like stress analysis to ensure not
only that your design will work
but that it will work over tempera-
ture, that all components will oper-
ate within their safe operating
areas, and that your product will
operate despite worst-case varia-
tions in component values.

Decisions on whether you should
select a package that offers behav-
ioral modeling, Monte Carlo analy-
sis, and functional-description ca-
pability will depend on your
personal design approach. Other
factors, however, will be dictated
by the complexity of the circuits
you're designing. For example, if a
system can handle a maximum of
200 parameters and a single op
amp consumes 50 of them, the sys-
tem won’t be adequate for you if
you're designing circuits with more
than a few op amps.

Unfortunately, data regarding
packages’ capabilities in this area
is scarce. Few vendors provide
data on the number of nodes their
packages accommodate, and very
few state the number of nodes that
a particular model would require.
Thus, it’s important that you at-
tempt to implement a circuit that’s
representative of your designs
when you try out a system.

Similarly difficult to quantify is

Text continued on pg 144
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TABLE 1—REPRESENTATIVE ANALOG CAE PACKAGES

AOO‘!’ECH 713$ANTACHUZ AVE SUITE2 MENLO PARK CA94025.‘
il 325-79%.

: mmmc,saes N CREEKSIDE PL, SUITE D,
97005,

, 24009 VENTURA BLVD, CALABASAS, CA 91302.

monenxeonpsmcsmmuvs "BOULDER, CO 80301,
_(303) 444-8075.

COMPACT SOFTWARE, 52 HILLCREST DR, SADDLE RIVER, NJ 07458,
(201) 881-1220; TLX 130073,

"EESOF, 31194 LA BAYA DR, WESTLAKE VILLAGE, CA 91362.
(818) 991-7530; TLX 384809,

' Faaawnmwcls,mwwsumwmoxnmmma ;
(805) 986-2276. e

“INTERGRAPH CORP, 1 MADISON INDUSTRIAL PARK,
HUNTSVILLE, AL 35807.
(205) 772:2000; TWX 810-726-2180.

JENSEN TR s, 10735 ‘UBANK BLVD,
NORTH HOLLYWOOD, CA 91601.
213) 876-0059; TWX 650-291-9207.

META-SOFTWARE, 50 CURTNER AVE, SUITE 16,
CAMPBELL, CA 95008.
_(408) 371-5100; TWX 910-350-4928.

SOFCAD ELECTRONICS, BOX 21845, COLUMBUS, OH 43221 ﬁ “LINCAD $99
(614) 488-3400. : : ] BN :

TATUH LABS 1478 MARK TWAIN CT, ANN ARBOR Ml 48103.
(313 663-8810.

“VALID LOGIC SYSTEMS, 2820 ORCHARD PARKWAY, " | ANALOG DESIGNER | $10,
% JOSE, CA 95134.

“VERSIONS ARE AVAILABLE FOR MANY OF THIS MANUFACTURER'S COMPUTERS

142 EDN May 14, 1987



EDN May 14, 1987



To determine if your circuit is operating
within acceptable limits, Daisy’s analog
CAE package monitors each component.
This display shows that Q, is stressed beyond
its safe operating limits.

the effectiveness of a system’s com-
ponent library. The number of
components in the library is not as
important as the quality of the
models, although you shouldn’t as-
sume that if a vendor offers a large
number of components, the quality
of its library is poor. The quality,
for you, depends upon what you
might use the models in the library
to represent. You must consider
whether you’ll be simulating opera-
tion at extremely low currents,
high currents, or, perhaps, high
frequencies. A model that is ade-
quate for one of these conditions
might not be adequate for the
others.

In general, the accuracy of a
model is an illusive concept. It’s
difficult to predict how closely a
model will represent a real device
under all possible operating condi-
tions. Moreover, even when you
determine that a model is not ade-
quately representing a transistor,
for example, you might have trou-
ble telling which of a long list of
parameters should be modified to
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The complexity of the civcuits you’ve de-
sigming, as well as your personal design
approach, will affect your selection of an

analog CAE package.

TRANSUIT
ASSER PO

POMER- 1 DR

POUER PLOT

improve the model’s accuracy.
(Nevertheless, you'll want to up-
date your models whenever you're
able to do so. The improved models
could help you optimize your exist-
ing design or improve the quality
of your new designs. Furthermore,
vendors will be very interested in
any improvements you find neces-
sary to the models.)

Tools aid model creation

Creating the models initially is
even more difficult. In an effort to
solve this problem, many vendors
are beginning to offer tools that
assist you in the creation of mod-
els. With such tools, you might
enter the model of an op amp, for
instance, by entering the data-
sheet specs into the CAE system,
which in turn uses those specs to
create the appropriate model. The
resulting model can only approxi-
mate the real device because no
data sheet can completely describe
a device. Analog IC manufacturers
are cautious about providing addi-
tional information for use in devel-

oping models; they fear becoming
responsible for meeting some im-
plied specifications as a result of
this information.

Another way you can create
models is to extract the model pa-
rameters from an actual device.
Many vendors offer this option.

A related factor you'll consider is
the simulator that the system em-
ploys. But unless you plan to cre-
ate your own models, you needn’t
be overly concerned about whether
the simulation program is Spice,
Saber, or a proprietary version.
One factor you might consider in
this regard is that Spice tradition-
ally has suffered from a well-publi-
cized convergence problem. Most
versions of Spice start with an ini-
tial set of conditions and continual-
ly calculate new sets that should
converge to a solution. The process
might, however, never converge, in
which case the simulation effort
would yield no data. Many vendors
claim that with their Spice en-
hancements the convergence prob-
lem won’t appear for the vast ma-
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High Pl‘eciSion Theres no such thing as
“almost precise.” That s why
...Ahsolutely

you should select Hybrid
Systems—the leader in 16-bit
hybrid and monolithic
analog signal processing
components.

Your demand for high precision is absolute.
So is ours. Since we introduced the industry’s first
18-bit DAC five years ago, Hybrid Systems has ded-
icated itself to creating high precision analog sig-
nal processing components that simply will not
compromise your performance, or our position of
acknowledged leadership in the field. As a result,
we now offer an impressive family of 16-bit prod-
ucts designed to make high precision as accessible
—as it is essential—for your demanding
applications.

In DAC’, choose from an exceptionally wide
range of products including monolithic, micro-
processor compatible, voltage output, and current
output components. You can also select products
that feature low cost or high accuracy— all with
16-bit precision.

In other areas, Hybrid has both the only true
16-bit hybrid ADC on the market and the fastest
with a 15 usec. conversion time. Just as impor-
tant, the additional 16-bit products presently
under development will continue the Hybrid Sys-
tems tradition of precision with breakthroughs
in speed, cost, and accuracy in every type
of analog signal processing component,
including Data Acquisition Systems.

High precision. We insist on it.
We deliver it. And we will never
compromise it in any of our com-
ponents, or in any of your appli-
cations . . . because it’s simply too
important to both of us.

GREAT NEWS! Hybrid Systems now offers a
brand new, revolutionary 16-bit Sample/Hold com-
ponent with dielectric absorption compensation.
For more information, or to order our new

1986 Catalog, call or write Hybrid Systems today.

Hybrid Systems

CORPORATION
22 Linnell Circle, Billerica, MA 01821 617-667-8700
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A wide variety of graphic outputs are avail-
able with analog CAE systems. The Grapher
from Cadnetix includes a legend window and
a marker window to help you interpret
data.

jority of simulations, but they
don’t offer a quantifiable value of
the likelihood of convergence.

For day-to-day operation, much
more apparent than the simulator’s
operation will be the way you com-
municate with the CAE system
and the way the system communi-
cates with other CAE products,
like schematic-capture systems and
photoplotters. If you find it diffi-
cult to enter a design and inter-
pret the results, you will find the
system to be of limited benefit. On
the other hand, if the system ac-
cepts data in a form you are famil-
iar with and presents the results of
the simulation in a form you are
familiar with, then the system will
be more useful. Almost all of to-
day’s analog CAE systems provide
a schematic-capture option or can
use another vendor’s schematic-
capture package.

The wide variety of graphical
aids make interpretation of the
simulation results much easier.
Many packages present data in the
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The majority of curvent analog CAE sys-
tems provide a schematic-capture option or
can use another vendor’s schematic-captre

package.

ragher 8 8x

aph of analog

VOLTAGE

form of virtual instruments—
screen representations that mimic
the format of real instruments.

You can perform advanced calcula-
tions on the data acquired from the
simulator, and you have tremen-
dous flexibility in selecting the pre-

MARKER INFO

Parametric plotting allows you to optimize
a circuit by changing component values and
seeing the results of these changes. Here,
FutureNet's Dash-Analog Workbench dis-
plays the frequency response of a circuit with
various values of a capacitor.
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Gustom Hyhrid
Solutions

Our advanced engineering
and manufacturing
environment puis Hybrid
Systems in great shape to
meet your most sophisticated
custom hybrid needs.

No one else in the industry has it. A manufac-
turing facility so advanced and sophisticated that
it can transform your custom hybrid needs into
custom hybrid solutions . . . more quickly, more
economically, more expertly than ever before.

Our recent multi-million dollar investment in
state-of-the-art automation equipment is a major
factor in Hybrid Systems’ emergence as a major
force in custom hybrid design and production.
Our CAE/CAD system helps us design your custom
hybrids faster and better. Automated assembly
equipment increases accuracy and reliability and
decreases production time. And the most
advanced LTX Automatic Test Equipment available
ensures absolute dependability in even your most
demanding applications.

It is precisely this investment—and our expert
staff of Analog Signal Processing Engineers—that
enables Hybrid Systems to create everything from
single chip devices to a recent custom hybrid with
89 chips and over 760 wires.

Our custom hybrid solutions are available from
industrial grade all the way to
full military grade with
MIL-STD-883
rev. C screen-
ing. They can
also be produced
to meet all Class “S”
specifications.

This kind of performance exemplifies our ability
to deliver efficient and reliable products that help
your company get the edge on the competition.

Hybrid Systems: a proven center of Analog
Signal Processing engineering expertise. And a
proven center of advanced capabilities that’s shap-
ing the future in custom hybrid components.

For more information, contact us today at
(617) 667-8700.

Hybrid Systems

CIRCLE NO 135

CORPORATION
22 Linnell Circle, Billerica, MA 01821  617-667-8700
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Fig 1—Analog CAE systems predicted sta-
ble operation for this simple comparator
circuit (a), but when built, the circuit exhib-
ited the instability that an experienced ana-
log designer would have expected. Viewed on
an oscilloscope (b), the comparator’s output
produced many transitions (the scope trig-
gered on the first), although the simulations
only showed one. (Photo courtesy Limear
Technology Corp).

sentation of the data.

The virtual instruments, howev-
er, won't provide the instantaneous
response of real instruments. On
the bench, you can change the fre-
quency of a oscillator or the sweep
speed of a scope as fast as you can
turn a knob, and you can monitor
different circuit nodes as fast as
you can move a probe. On the
bench, therefore, you can interact
with a circuit and get to know it.
With the virtual instruments, in
contrast, considerable time can
elapse between the time you initi-
ate a measurement command and
the time you see the result. De-
pending upon the system and your
tolerance to this delay, you might
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Many vendors ave beginning to offer tools
that assist you in the creation of models;
the models, however, can only approximate

the real device.

INPUT

S e
P e oy

TRIANGLE WAVE
225 Hz, 11V p-p

12v 5V

-O OUTPUT

find that using the virtual instru-
ments is very frustrating.

On the other hand, many meas-
urements that you can make with
an analog CAE system would be
difficult or impossible with bench-
top instruments. With CAE sys-
tems, you can measure the current
in any branch, the instantaneous
power of all components, the ef-
fects of extreme temperature, and
the effect of worst-case component
variations.

Try to be objective

Many engineers are overly opti-
mistic about analog CAE because
it seems to promise to ease their
Jjobs. Many hope that the analog

CAE systems will make up for
what they don’t already know. But
even the what-if games that users
can play with the system require
that users know which questions to
ask, and basic analog-circuit
knowledge remains indispensible.
Consider, for example, the sim-
ple comparator circuit shown in
Fig 1a. The high source impedance
of the voltage reference and the
lack of hysteresis suggest an inher-
ently unstable design. However,
several analog CAE systems pre-
dicted stable operation.
(Incidentally, modeling this sim-
ple circuit proved to be difficult.
Some systems did not have the
LM311 in their libraries. One com-

EDN May 14, 1987



“A CASE for SUN
1 Computer-Auded

Engineering”
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It’s a first! CASE Technology now offers
its new Vanguard CAE Design System,

a comprehensive set of electronic

design applications for the system level
designer—PCB and ASIC—on the SUN 3
family of engineering workstations. The
system includes schematic capture, logic
and fault simulation, circuit simulation,
and PCB design capabilities.

The full-featured Vanguard system
and the SUN 3 workstation represents
one of the best values available for a high
performance CAE design system. Using
Ethernet TCP/IP and NES, SUN 3 engi-
neering workstations and personal
computers can be networked together to
create a completely integrated engineer-
ing environment.

CASE promotes its flexibility as a
front-end CAE design tool for users

CIRCLE NO 136

concerned with integration of existing
tools and as a facility solution for those
interested in a single source for all of
their CAE needs.

With more than 3000 installed
systems worldwide, CASE Technology
has developed a solid reputation as a
premier supplier of professional CAE
design tools. If you haven't seen what
CASE has to offer, then now is the time.

CASE Technology Inc., 2141 Landings Drive,
Mountain View, California 94043

Phone (415)962-1440; Telex 506513;

FAX (415)962-1466.

CASE
TECHNOLOGY
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DADISP..

the First Spreadsheet
designed exclusively for
Scientists and Engineers.

(617) 577-1133

Order our $20 Interactive Demo Disk.
Ask about DADiSP for IBM-PC/XT/AT,
DEC MicroVAX, HP9000, Masscomp
5000, and Sun Workstations. For further
information write DSP Development
Corporation, One Kendall Square,
Cambridge, MA 02139, (617) 577-1133

9. DSP

Development
Corporation
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pany had its model of the LM311
in the shop for repairs—an up-
grade to include the strobe pin—
and another vendor had nine sig-
nals defined on the 8-pin device.
The ninth signal, named C, was
removed manually with the ven-
dor’s editor.)

When built and examined using
a scope, the circuit produced, as
expected, an output that exhibited
multiple transitions each time the
input crossed the reference (Fig
1b). If this circuit were being used
to condition a signal that was then
to be counted, the error would be
€enormous.

Analog CAE is not the solution
for a lack of knowledge in analog
engineering techniques. In the
comparator experiment, the design
looked fine in simulation, but in
the real world it was useless. The
knowledge and experience of the
analog designer is still very much
a part of the design process.

Keep an eye on reality

You must keep an eye on reality
when using an analog CAE sys-
tem. It is easy for the simulator to
put 100W into a %W resistor, but
the actual circuit would soon fill
the room with the sweet smell of a
cooked resistor. When you are hav-
ing a problem with the simulation,
look at the voltages at each node
and see if it’s close to what you
would expect. If a circuit node sits
at 84V when the circuit’s power-
supply level is only 12V, then
something is wrong.

There is more to using one of
today’s analog CAE systems than
knowing how to run the program.
You need to understand the limita-
tions of the models you are using.
There is no substitute for an un-
derstanding of methods used by
the simulator. If you blindly accept

the output of the simulator, you
will quite often find yourself in
trouble.

These tools are very complex,
and you’ll need time to acquire the
experience to know when to use
each tool. But the effort is well
worth the time expended. Those
engineers that only use a bread-
board and have not learned to use
these new tools are limiting them-
selves. The opposite is also true:
Those who only know how to use
the analog CAE system are going
to have a hard time getting a cir-
cuit to work in the real world.
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MICRO-LOGICII.
The CAE tool with a10,000-gate

digital simul

Spectrum Software’s MICRO-LOGIC II® puts
you on top of the most complex logic design
problems. With a powerful total capacity of
10,000 gates, MICRO-LOGIC II helps engi-
neers tackle tough design and simulation
problems right at their PCs.
MICRO-LOGIC II, which is based on our
original MICRO-LOGIC software, is a field-
proven, second-generation program. It has
a high-speed event-driven simulator which is
significantly faster than the earlier version.

@
o
o
sty
woe
STHST
cont
e
& 5

Timing Simulator

The program provides you with a top-notch
interactive drawing and analysis environ-
ment. You can create logic diagrams of up
to 64 pages with ease. The software fea-
tures a sophisticated schematic editor
with pan and zoom capabilities.

EDN May 14, 1987

Shape Editor

A 200-type library of standard parts is
at your fingertips. And for a new high in
flexibility, a built-in shape editor lets you
create unique or custom shapes.

MICRO-LOGIC II is available for the [BM®
PC. It is CGA, EGA, and Hercules® com-
patible and costs only $895 complete. An
evaluation version is available for $100.
Call or write today for our free brochure
and demo disk. We'd like to put you in
touch with a top digital solution.

W Total capacity of 10,000 gates

B Integrated schematic editor

M Fast assembly language routines

W Standard parts library of 200 types
B Event-driven timing simulator

CIRCLE NO 137

*ar for

your PC.

W Built-in shape editor
W Multiple delay models
M Printer and plotter hard copy

Schematic Editor

1]

1021 S. Wolfe Road, De
Sunnyvale, CA 94087

(408) 738-4387

E
i

<]

MICRO-LOGIC 11 is a registered trademark
of Spectrum Software.

Hercules is a registered trademark
of Hercules Computer Technology

IBM is a registered trademark
of International Business Machines, Inc.
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We don't mean to be wishy-
washy, it’s just that our Program-
mable Gate Array delivers both
more of what you want and less
of what you dontt.

Unlike a conven-
tional gate array
which. is cast in cement at the factory, the Pro-
grammable Gate Array is user-programmable.
So there's mo risk in design or inventory. And
that makes it a lot less dicey.

Asin, more speed and less
money.

More density and less risk.

And more design flexibility but
less time to market.

How can one part offer
so much?

-

By combining the advantages
of VLSI with the advantages of
programmability. And eliminating
the disadvantages.

“OF COURSE.A
PROGRAMMABLE GATE ARRAY.
That’s what logic designers
said when we asked them if they

could describe the ideal logic
device.
We couldn't agree more. Just

look at the benefits of such a device.

You get the wide open archi-
tecture of a gate array, without the
penalties.The NRE, the long devel-
opment time, the inventory risk,
the limited testability, and last

but certainly not least, the 50-50

chance that system changes
may mean another pass.

THE PROGRAMMABLE GATE
YOU'VE ALWAYS WANTED.

Instead, you get programma-
bility. Unlimited reprogrammability.
No NRE. A development cycle
you can measure on one page of
a month-to-month calendar. And
a standard part that arrives on your
doorstep already tested 100% per-
fect down to the last transistor.

You can't beat it with a stick.

SPEED, DENSITY, PRICE.
PICK ANY THREE.

Until the Programmable Gate
Array, logic design was a frustra-
ting game of give and take.

You gave up certain things
as limited logic solutions took away
your options.

With the Programmable
Gate Array, you give up

_ nothing

You maght not expect
much speed in a part like
this. But at 70 MHz, the
Programmable Gate
Array is more than fast
enough, for most appli-
cations. And with 1800
gales towork with, why shell
out for a bunch of little PLDs?

Xilinx, Logic Cell,and XACT are trademarks and “The Programmable Gate Array Company”is a service mark of Xilinx, Inc. Other brand or product names are trademarks or
registered trademarks of their respective holders. © 1986 Xilinx, Inc.,2069 Hamilton Ave., San Jose, CA 95125, (408) 559-7778.
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ARRAY.IT’S JUST WHAT

MORE OR LESS.

Does this picture remind you of a gate array?
Perhaps if the bills were on fire. By comparison,
thereis mo comparison. The Programmable
Gate Array costs far less to develop. And noth-
g to change.

Let’s look at logic design’s Big
Three: speed, density and price.

Our new Programmable Gate
Array, the XC 2018, turns toggle rates
of 70 MHz. And we've enhanced
our original part, the XC 2064, to
run just as fast.

Theres more density, too.
As promised, there are 1800 honest
gates in the 2018. And thanks to
our unique Logic Cell™ Array
architecture, the magic number’s
going to be 8000 by year-end.

The price, however, is continu-
ing to go down, just like the prices
of other standard parts.

AFULLSET
OF POWERTOOLS.
Everybody knows you can’t
do a good job without the right
tools. So we offer everything
you need.
Weve connected with Future-
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Net™to bring you their schematic
capture capabilities, the most

powerful and popular in the indus-

try. To which weve added our own
auto-place-and-route.

This, in addition to our already
extensive integrated XACT devel-
opment system. Complete with
an interactive graphics-based,
mouse-and-menu driven design
editor;a simulator, and the logic
industry’s only in-circuit emulator.
It runs real I/0 in real time, so
you get real design verification, 2
the system.

Every bit of the above runs on
an IBM*PC/XT* PC/AT™or clone.
And you can get started for just
$3600.

JUSTTELL US
WHAT YOU WANT.

Like to see some more in-
formation so you can chew on it in
the privacy of your home or office?
We have a free design handbook
that tells all.

Rather find out first hand
what you can do with the Program-
mable Gate Array? Order our eval-
uation kit (affectionately known
as EK-01).1t has the software and
documentation youll need to eval-
uate your application on the
Programmable Gate Array and see
how it performs.

Better yet, why not get right
down to business by talking with
one of our field application engi-
neers? They can answer any
questions you might have. And you
can get our application support
right from the beginning.

CIRCLE NO 138

All you have to do is call us.
Toll-free at (800) 255-7778.
In California, (408) 559-7778.Or
contact your local Xilinx sales rep-
resentative or Hamilton/Avnet
distributor.

How mamy gates do you really get?

2000—

—

BiPolar ~ CMOS XC XC
PLDs EPLDs 2064 2018

Other PLDs claim lots of gates, but their restric-
tive architectures only let you use a small
Sraction of them. Our patented Logic Cell Array
architecture is more open. So you can use all
the gates we claim. And there are more chips—
with more gates—on the way.

After all, why use anything
else when the Programmable Gate
Array gives you so much more?
And, so much less.

2 XILINX

The Programmable
(Gate Array Company™
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E{ZO Net List Formats — Compatible to most PC board
and simulation work stations.

lZ(Part Libraries — Featuring 3000+ unique parts. Spend
less time creating parts, more time designing.

Y(ZOO+ Levels of Hierarchy — Usually found with more
expensive packages.

E'E(Runs on your IBM PC/XT/AT or compatible — Use
the cost-effective work station you already own.

Pop-up command menu
simplifies editing (sup-
ports 16 color
graphics.)

E(40 Drivers — Supporting the most common graphic
cards, printers and plotters.

[Z(Excellent Documentation — The program is intuitive
and simple to use. The manual and tutorial make
learning quick and easy.

O‘g;:}t;‘:iif S(;l‘:;ll\'_p;]‘lf_ B/Support — OrCAD provides excellent support: techni-

berbanded in real cal staff to answer your questions, a Bulletin Board

time. System for 24 hour support, 1 year free product up-

dates and a trained international sales and support
network.

¥ Great Price — For only $495, OrCAD/SDT is the most
cost-effective schematic design tool available.
With OrCAD/SDT, you get all of these and more!

Call or write today for our
FREE Demo Disk and brochure.

“E” size worksheet O 3 D 1! l
supports over 200 |
256K DRAMS. r . l % | i
Systems Corporation |+
1049 SW. Baseline St., Suite 500
Hillsboro, OR 97123

(503) 640-5007

OR 8707 CIRCLE NO 139

Contact your OrCAD Representative
For Further Information

. WA, OR, MT, ID, AK 6. NE, KS, IA, MO 11, FL
Seltech, Inc Walker Engineering, Inc High Tech Support
503-627-0716 913-888-0089 813-920-7564
2. N. CA, Reno NV 7. TX, OK, AR, LA 12. DE, VA, MD, DC
Elcor Associates, Inc Abcor, Inc MGM Visuals
408-980-8868 713-486-9251 703-352-3919
3, ‘SolGA 8. MLE. WL IL 13. MS, AL, GA
Advanced Digital Group Cad Design Systems, Inc Electro-Cadd
714-897-0319 312-882-0114 404-446-7523
4. LasVegas, NV, UT, AZ, NM 9. IN, OH, KY, WV, W. PA 14. E.PA NJ, NY
Tusar Corporation Frank J. Campisano, Inc Beta Lambda, Inc
602-998-3688 513-574-7111 201-446-1100 i \ 1
PR , SR 16. BC, AB, SK, MB
5. ND, SD, MN, W. WI 10. TN, NC, SC 15. CT, Rl, MA, VT, NH, ME [Eiterioild Electomes e
Comstrand, Inc Tingen Technical Sales DGA Associates, Inc Computer Industries, Ltd 416-475-6730
612-788-9234 919-878-4440 617-935-3001 -

604-984-4171



How EE Designerconvinced
Larry Kelly that professmnal

CAE/CAD canbe affordable.

CAE/CAD packages don’t become
best sellers through advertising claims.
They either deliver — or they don’t.
The EE Designer family does. And the
best proof comes from our customers.
Here — unsolicited and unaltered —
is a response from a former skeptic.

Obviously, Larry Kelly at Trinity
Electronics Systems has joined the
thousands of engineers and designers

who are convinced EE Designer
delivers professional capabilities and
power — at previously unheard of costs.
Why not see for yourself? There’s no
risk, because our EE Designer/Auto-
router, EE Designer I1/Autorouter I1
and 2D Drafting packages come with
a 30-day moneyback guarantee.
Call toll-free at 1-800-553-1177. Use
MasterCard or VISA. And become
another EE Designer believer.

== asaw ©

GO R P ORATI O N

343 Gibraltar Drive, Sunnyvale, CA 94089
(408) 745-1551 Telex: 346352
Fax: (408) 734-9012
CIRCLE NO 140
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Introducing the MK41H80 TAGRAM ™
from Thomson-Mostek. The industry’s first and
fastest integrated 16K CMOS cache tag SRAM
dedicated for use in all high-speed processor

environments.

TAGRAM gives you a 4K x 4 CMOS

speed read access ensures that even copy-
back designs can be implemented without ever
having to wait. And it features Flash Clear—the
function requested most often by cache system

designers. So your cache can be wiped clean

SRAM and a 4-bit comparator integrated on a

single chip. It's optimum for interface with 16-25
MHz processors, and is backed by 1.2 double
level metal full CMOS process technology —the
same proven process used in all Thomson-

Mostek 16K VF SRAMs.

TAGRAM comes in three speed grades:
20, 25 and 35ns. And every MK41H80 cache

to all zeros in 40ns. Max.

High-performance cache applications

demand high-speed solutions. If youd like

to realize a 30% reduction in access time
compared to discrete solutions —plus a
substantial reduction in the cost of component

real estate —start increasing your cache flow

TAGRAM is available in 300 mil, 22-pin plastic
and ceramic DIPs. What's more, TAGRAM's full-

Actual MK41H80 TAGRAM Scope Trace Photograph

with the newest member of our family. The
MK41H80 TAGRAM.
We're Thomson-Mostek. And we perform.

LOWER
ADDRESS

TAG
ADDRESS

MATCH

X

5

12ns =7pca = DATA COMPARE ACCESS TIME
20ns = Tpen = ADDRESS COMPARE ACCESS TIME

Match Access Timing

*To be announced
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16
DATA # DATA
24
ADDRESS # %4 : ADDRESS
12 l | 1 L | ’_I: 7
16 BIT up ; MK41H80 MK41H68 MAIN
TAGRAM™ 4K x 4 ROty
4K x 4 20ng
CLEAR——  20ns CMOS WA
MATCH SRAM |
WAIT
2]
i
> CACHE READ/WRITE CONTROL
— - - MEMORY CONTROL LOGIC
——— MAIN MEMORY READ/WRITE CONTROL
Direct Mapped Cache System Block Diagram
DEVICE | CONFIG | PINS | CE | CS | OE | CLR | MATCH
41H68 4Kx4 20 X
41H69 4Kx4 20 X
A41H78 4Kx4 22 X X
41H67 16Kx1 20 X
41H66 16Kx1 20 X
41H79* 4Kx4 22 X X X
41H80 4Kx4 22 X X X

Other available Fast Static RAMs from Thomson-Mostek

TAGRAM is a trademark of Thomson Components-Mostek Corporation.
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U.S. and Canadian
Sales Offices

Western Area:

Santa Clara, CA
408/970-8585

Irvine, CA
714/250-0455

Woodland Hills, CA
818/887-1010

Seattle, WA
206/632-0245

Longmont, CO
303/449-9000

Scottsdale, AZ
602/998-1580

Tigard, OR
503/620-5517

Eastern Area:

Burlington, MA
617/273-3310

Marlton, NJ
609/596-9200

Huntsville, AL
205/830-9036

Liverpool, NY
315/457-2160

Poughkeepsie, NY
914/454-8813

Dublin, OH
614/761-0676

Greensboro, NC
919/292-8396

Norcross, GA
404/447-8386

Central Area:

Carrollton, TX
214/466-8844

Bloomington, MN
612/831-2322

Schaumburg, IL
312/397-6550

Austin, TX
512/451-4061

Canada:

Montreal, Quebec
514/288-4148

Brampton, Ontario
416/454-5252

Semiconductor

Distributors

Add Electronics

Advent Electronics

All American
Semiconductor

Almac Electronics Corp.

Almo Electronics, Inc.

Dixie Electronics

Future Electronics

Greene-Shaw

Hammond Electronics

Integrated Electronics
Corp

ITAL Sales

Kierulff Electronics

Lionex Corp

Marshall Industries

Nu-Horizons Electronics

Pioneer Technologies
Group

Pioneer-Standard

Quality Components
(Q.C-sW)

Quality Components
(Q.C.-SE)

R.A.E. Industrial

Schweber Electronics

Solid State, Inc

Zentronics

Zeus Components, Inc

THOMSON

COMPONENTS
_f.\_

MOSTEK
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Get on board with

AutoCAD 2

| Computer-aided design.
Until recently, ; » N
| it conjured up images e
’ of massive, room-sized
computers and engi-
neers in white lab coats.
But a few years
ago, AutoCAD® changed
all that. With a soft-
ware package that
turned the per-
sonal computer
on your desk

into an easy-to-use elec-
tronic drawing board.
For everything from
PC boards to shopping
centers. Tooling to top-
ographical plans.
Technical illustra-
tions, Facilities
layouts.
Even #4-6-4
Hudson
model railroad trains.
Now AutoCAD is even better.

Introducing AutoCAD 2.6

Of course, the newest version of
AutoCAD still has all the features that
made the original the industry standard.
Accuracy, Power, and Versatility.

But now, there are improvements all
down the line.

Like AutoCAD 3D Level 2 which allows
you to generate lines and faces at any
angle on a drawing, not just on or parallel
to the X-Y plane.

Or associative dimensioning which
automatically updates dimensions after
you've stretched, scaled, or rotated
an object.

And transparent PAN, VIEW, and
ZOOM, which you can use while another
command is in progress.

The result? A powerful electronic
drawing tool that lets you concentrate on
the drawing, and not on the electronics.

Feel Comfortable at the Controls
Never used a computer before?
AutoCAD’s easy-to-use menus guide you
from action to action. You can even create
your own menus. And use an on-line
“HELP” command if you get stuck.

Y,

Drawing Courtesy of Little Engines, Inc.

Ne A8~ 7B =

All of which combine to make the new
AutoCAD fit more neatly and comfortably
than ever into the way you're used to
working.

How to Get on Board

For a demonstration of AutoCAD 2.6,
or any of our other products, call or write
us for the name of the dealer nearest you.

Call us too if you want the location and
telephone number of your nearest
Authorized AutoCAD Training Center.

We'll make sure you get headed down
the right track.

Save hours of drafting time.
Draw frequently used diagrams just once
and re-enter where needed.

What if you have second thoughts, or
make a mistake? AutoCAD’s new, sweeping
UNDO capability lets you erase what
you've done—so you have total freedom to
draw and experiment.

There are also enhanced customiza-
tion features. Support for over 30 different
microcomputers (as well as several 32-bit
UNIX-based systems). Even support for the
new IGES standard, to let you easily and
accurately translate drawings between
AutoCAD and most other CAD systems.

AUTOCAD

AUTODESK, INC.

2320 MARINSHIP WAY
SAUSALITO, CA 94965
(800) 445-5415
TELEX 275946 ACAD UD
CoMPUSERVE GO ADESK

CIRCLE NO 143

DON'T MISS AUTOCAD® EXPO-87, JUNE 23-26 AT THE WASHINGTON, D.C. CONVENTION CENTER.



The first choice
in plotting.

Firstin monochrome. \Versatec
invented the wide format electrostatic
plotter in 1974. Three generations later,
Versatec plotters are still the fastest, most
accurate, most reliable of all mono-
chrome electrostatics.

Only Versatec offers 200 and
400 ppi resolution in plotting widths of
22, 24, 36 and 44 inches. Get paper
and film output, twin roll media supply.
“plug-in anywhere” international power
supply. and lowest operating costs.

And only Versatec gives you all
these options —high accuracy (+0.01%],
automated media cutter, tilt to 15 degrees,
line enhancement, and hardware
character generator.

Firstin color. \Versatec invented
electrostatic color plotting in 1982.\We
give you a choice of plotting widths (24,
36 and 44 inches), 200 and 400 ppi reso-
lution,and color/monochrome output.

Dual axis tracking and an integral
alignment pass assure unparalleled
accuracy. High quality paper and film
with mirror imaging enable proofing and
final output on the same plotter. And a
character generator creates banner pages
quickly and efficiently.

Compactsize, light weight, and
low power requirements simplify instal-
lation. And an easy-to-use control panel
simplifies operation.

First in connectivity. \Versatec
offers more interfaces to more computers,
alarger library of integrated plotting
software packages, and a bigger family
of modular standalone and embedded
rasterizers accepting both parallel and
industry-standard serial data formats.

Discover why Versatec sells more
electrostatic plotters than all competitors
combined. Circle the readers’
service number or call toll-free
800/538-6477*

*In California, call
toll-free 800/341-6060

A XEROX COMPANY
CIRCLE NO 144

Versatec is a trademark
of Versatec, Inc.

Xerox is a trademark

of Xerox Corporation.

-
TVERSATEC

Plot data courtesy of Intergraph
Corporation, Uniras,
and Zeh Engineering Systems
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The future: intnnection
components designed,
manufactured, fabricated

and tested under one roof.
Here now, at Hughes.

One-roof capability means you can expect higher
reliability, lower cost and faster response for your
aerospace/mil applications.

We provide system support in the integration
of connectors and boards, cables or other subassem-
blies, including black boxes. And we're doing it now,
not waiting for the future.

Our engineers simplify tough problems. But just
because we're problem-solvers doesn’'t mean we
ignore ordinary connectors or flex circuitry.

We manufacture everything from PCs to fiber
optics to umbilicals. Rectangular, circular, off-the-shelf
or specials.

160

Flexible or rigid flex circuitry? We practically
invented it. We'll manufacture to your specs or design
it to your requirements. We’'ll even assemble Brand X
connectors and our flex.

So whether your interconnection requirements
are simple or sophisticated, give us a call. We can
make the future work for you today.

For more information, call Mike Howett,

714-660-5702. In England
HUGHES

call Hugh Mcinally,
0932 47262.

AIRCRAFT COMPANY

CONNECTING DEVICES DIVISION
Industrial Electronics Group
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JEET-input amps
are unrivaled for
speed and accuracy

JEET-input amplifiers provide an economi-
cal means of achieving high accuracy in
applications that need wide bandwidths for
large signals. They ave ideal for pulse am-
plifiers, fast D/A comverters, peak detec-
tors, and logavithmic amplifiers.

Peter Henry, Precision Monolithics Inc

JFET-input operational amplifiers are an option for
designers who require speeds greater than those
provided by standard bipolar op amps such as the
OP-07. The high slew rates of JFET-input amplifiers
make these devices attractive for pulse amplification
and other applications that require wide bandwidths
and handle large signals. Their low bias currents make
them equally suitable for peak detectors and logarith-
mic amplifiers. Furthermore, their fast settling rates
make them ideal for fast, high-precision DACs.

To obtain the full performance of which JFET-input
amplifiers are capable, you’ll need to take all the
standard precautions in designing and laying out your
pc boards, along with a few extra precautions that are
specific to JFET-input devices (see box, “Caveats,
warnings, and design reminders,” on pg 166).
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An autozeroing JFET-input amplifier can help a
CMOS D/A converter achieve a fast settling time while
converting the DAC’s current output into voltage levels
and reducing output impedances. You'll obtain the
fastest settling times from bipolar DACs, because they
have lower output capacitance than their CMOS coun-
terparts, but CMOS devices have the advantages of low
price and the availability of a wide variety of interface
options. The primary disadvantage of CMOS DACs is
their large output capacitance, which can be 50 to 120
pF for an 8-bit DAC, and as much as 70 to 150 pF for a
12-bit DAC. This large capacitance increases the set-
tling time. However, if you add a JFET-input amplifier
(such as PMI's OP-42) to create a voltage output, you
can compensate for the output capacitance. A CMOS
DAC will then settle in approximately 3 wsee to within
0.01% of a 10V full-scale output step.

The offset voltage of many older JFET amplifiers
suffered from large thermal drifts. However, newer
state-of-the-art precision JFET-input amplifiers exhib-
it relatively little drift with temperature, and the
resulting output error is generally insignificant unless
you operate the amplifier at a high gain level. If your
application requires the minimum possible offset error,
however, you can use a servo loop that automatically
corrects offset-voltage and drift errors. In Fig 1’s
circuit, for example, IC, multiplexes eight analog chan-
nels to the input of an OP-42 or OP-44 amplifier, which
has a gain of 100. One of the analog channels grounds
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JEET-input amplifiers provide high slew
rates and low offset and drift, and they
have low input bias curvents.

the amplifier input in order to correct for Vg (offset)
errors; the other channels are available for signals.

To correct Vs errors during a conversion, you first
drive the three multiplexer-address lines (A;;) high, so
that multiplexer IC, grounds the input of JFET-input
amplifier IC,. At the same time, AND gate IC; drives
the Zero line low and thereby causes the switching
circuitry consisting of transistors Q; and Q. to turn on
JFET switch Qs;. This action connects JFET-input
amplifier IC, into the feedback path of IC, via that IC’s
null pins (1 and 5) and thereby forces the output of IC,
to assume the value of the offset voltage at the input of
IC,. The current in the feedback loop then develops a
voltage across hold capacitor Cy.

Keep leaks away from correction circuitry

After a time period that’s determined by the RC time
constant of R;Cy and the current through Q;, you can
change the multiplexer address so that the Zero line
goes high and turns off Q;. The voltage across Cy holds

the output of IC, (which is also the offset-voltage
compensation for IC,). IC; has a relatively long switch-
ing time, so Q; turns off before IC, connects a new input
to IC,; consequently, the signal cannot leak into offset-
correction circuits.

If you use the component values shown in Fig 1, you
should make sure that the Zero line remains low for at
least 200 psec to ensure proper nulling. You can achieve
a faster nulling time by using a JFET switch that has a
higher Ipgs, such as a 2N4393, but you’ll do so at the
expense of increased leakage and faster droop. Some
error is induced by charge injection through Q; into Cy,
but you can minimize this error by using a large value
of CH.

To minimize droop at the output of IC,, make sure
that hold capacitor Cy is a low-leakage type (such as a
polystyrene device). For higher precision, add a poten-
tiometer to null the offset voltage of IC,. When you use
the component values shown, the droop of the offset
voltage at 25°C is only 1.3 pV/see. Near the center of

— L
\c,

10k
vWA

INT O
IN2 00—+

IN3 O -
INs O—————— MUX-08
IN§ Ot ‘ .
NO————

ENABLEIO=——=————
A1 O
A, O—
A3 O—

1C3
] sr40

2 2 O Vour

Q3
-\ZNM 18

10k

Q2

2k

2N2369

l—15\/

Fig 1—This autozeroing amplifier multiplexes seven inputs to a common output. The eighth input grounds the input of IC, to zero the
amplifier’s offset voltage. Before you select a signal, hold the three address lines high for 200 wsec to ensure proper zeroing.
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the adjustment range, each 100 mV of swing at the
output of IC, will cause a shift of 150 nV in the Vg of
IC;. The circuit is capable of correcting as much as 10
mV of offset, so that it can handle some system offsets
in addition to IC,’s offset.

You can substitute digital correction

If your application requires digital correction of the
offset voltage, you can substitute an ADC/DAC combi-
nation for IC,. With this scheme, when you ground IC,’s
input, the ADC digitizes the IC’s output (offset) voltage
and passes a correction factor to the DAC, which in turn
applies an analog nulling voltage to pin 1 of IC,. This
modification is of value in applications that digitize the
output of IC,, and it has the advantage that digital
correction circuits do not droop with time. However,
the scheme is a needless complication in systems that do
not include a wP for other purposes.

The level-shifting circuitry (D; and D,, Q; and Q)
converts a TTL signal to the levels necessary to drive
JFET switches, and you can use the same circuit in a
wide variety of applications. When the TTL input
signal (Zero) goes low, it turns off transistor Q. This
action forces the base of transistor Q. to —15V, turning
off Q. and holding the gate of Q; at ground level. While
these conditions continue, Q; presents a low impedance
to the signal applied to it through R,. Consequently,
the inverting input of 1C, follows the output signal of
IC,, and IC, charges Cy.

When the TTL Zero signal goes high again, it turns
on Q; and Q., which in turn pull the gate of Q; to —15V.
This action puts Q; into a high-impedance state, so that
the switch disconnects the input of IC, from the output
of IC;, and IC; maintains the charge across Cy.

Fast S/H amplifier exhibits 0.01% accuracy

The characteristics of JFET-input amplifiers make
them natural choices for fast sample-and-hold (S/H)
amplifiers. Fig 2a’s circuit has an aperture time of 80
nsec and can acquire a 10V step in less than 1 psec with
an accuracy of 0.1%, and in 2 psec with an accuracy of
0.01%. The corresponding settling times are 100 nsec
and 300 nsec, respectively.

The Sample/Hold control-input circuit uses the same
level-shifting circuit used by the autozero circuit de-
scribed above, with the addition of a Schottky clamping
diode (D;) and a pullup resistor R, to accelerate transi-
tions. Diodes D, and D; prevent the forward-biasing of
JFET switches Q; and Q. During the sampling time,
the JFET switches conduct, so that amplifiers IC, and
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IC, both operate at unity gain and IC, charges hold
capacitor Cy;. The Vour signal precisely tracks the Viy
signal.

When you switch the control line to the hold mode,
the JFET switches present a high impedance, so that
Q; disconnects the output of IC; from the input of IC,,
and Q allows IC, to charge hold capacitor Cyz. The
charges on the two hold capacitors then cause IC, to
maintain the Voyr signal at the sampled value.

Matched components reduce errors

The low bias current of the JFET-input amplifiers
and the low leakage of the JFET switches combine to
minimize leakage of the charges on Cy; and Cye. Fur-
thermore, you can closely match the remaining leakage
by matching the capacitor values and by using a
matched pair of JFET switches contained in the same
housing. This configuration has two advantages. First,
it matches the amounts of charge injection through the
switches into capacitors Cy; and Cye and thereby con-
siderably reduces the hold step. In fact, adjusting a
trimmer capacitor connected in parallel with one of the
hold capacitors will let you reduce the hold step below
1 mV.

Second, the scheme causes the Ios of IC; and the
leakage through the matched JFET switches (rather
than absolute leakage levels) to control the voltage
droop at the output terminal. Furthermore, the output
voltage is controlled by the differential voltage between
the two capacitors. The absolute voltages across the
capacitors droop because of IC,’s bias current, but both
droop at the same rate, making this voltage change
appear as a common-mode effect. The differential volt-
age is controlled by Ios, which is usually much smaller
than Ip. IC, can maintain a constant output voltage,
even though the actual voltage levels on the two capaci-
tors may change considerably during the hold period.
In Fig 2a’s circuit, this scheme reduces the droop rate
to 7 wV/msec. Fig 2b shows a sine wave applied to the
S/H circuit, and the resulting samples at the output.

The control provided by these differential voltages
breaks down when their absolute values fall below the
minimum input voltage of IC,. However, that condition
will typically not occur until several seconds have
elapsed. You can reduce both the hold step and the
droop rate even more by using larger values for the
capacitors, but you’ll then sacrifice some speed. (For
more on the examination of errors, see box, “Calculat-
ing error magnitudes,” on pg 168.)

You can exploit the low bias currents inherent in a
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Offset drift is most likely to create an ervor
when you operate the amplifier at high
gamn.

JFET-input amplifier to create a fast peak detector
(Fig 3a) that can capture a 10V peak only 2.5 usec
wide. This circuit uses the level shifter employed by the
two previous circuits, but it does not drive any FET
switches. Instead, a Reset command causes Q. to dis-
charge hold capacitor Cy directly.

After a reset operation, the voltage across Cy is
negative, so the circuit will detect very small peaks
even if the ac signal has a negative dc offset. Be aware,
however, that the reset method prevents this circuit

from detecting negative peaks. The droop rate is 3
mV/msec and is mainly due to leakage of the charge on
Cy through Q; diode D; contributes very little charge
leakage, because it operates with only a small voltage
across it. The action of the circuit is illustrated in
Fig 3b.

You'll find that JFET-input amplifiers yield excellent
performance in logarithmic amplifiers. Fig 4’s circuit
follows the usual log-amp configuration, in which the
logarithm of the input voltage is derived from the
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Fig 2—This fast sample/hold amplifier (a) uses two hold capacitors to minimize both the hold-step effect and the output droop. You can see
the very small hold step and the absence of droop in the scope photo (b).
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Fig 3—This peak detector (a) can capture a 10V peak that’s only 2.5 wsec wide. After a reset it can detect very small peaks even if the ac
signal has a negative dc offset. The detector’s JEET-input amplifiers have very low input bias currents and therefore minimize leakage from
the hold capacitor. This low leakage is responsible for the absence of droop (b).
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Fig 4—This logarithmic amplifier eliminates temperature effects by ensuring that the two log-conversion transistors are always at the same
temperature. The conversion transistors are on the same substrate as a heater transistor and a temperature sensor, which are connected to
each other in a feedback loop.
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In an S/H civcust, you can minimize leak-

age from the hold capacitor by using
JEET-input amplifiers that have low bias
curvents.

differential between the threshold voltages of two tran-
sistors (Q; and Q). A precision reference source (IC,)
sets the collector current of Q;, and the input voltage
controls the collector current of Q;. You can derive the
threshold voltages (V) of the transistors using the
following equation:

Vr=((kT/qIn(I/Is),

where q is the electronic charge, T is the temperature,

and k is Boltzmann’s constant. The difference in Vy

between the two transistors is then
AVr=(kT/q)[(Inl¢c;)—(InIes)].

The output voltage is AVy multiplied by a factor appro-

priate to your application. The circuit scales the output

for 1V per decade with a zero-crossing at an input
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voltage of 100 mV. For a Viy greater than zero, this
configuration yields a transfer function of
Vour=—[log(Vin/Rin)+4]
(for Vour in volts and the quantity Vin/Riy in amps).
The circuit operates correctly for inputs from 1 mV to
more than 10V.
The above equations show that the temperatures of
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the log-conversion transistors have a direct effect on
the output voltage. Conventional circuits provide temp-
erature correction by using a thermistor instead of a
resistor in place of R;. This circuit uses a special method
to provide an isothermal environment for the log-
conversion transistors.

The MAT-04 IC used in this circuit is a symmetric
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array of four transistors placed at the corners of a
square. Two of these transistors, located at diagonally
opposite corners, act as the log-conversion elements. Of
the remaining two transistors, one (Q,) acts as a heater
and the other (Q,) acts as a temperature sensor. IC;
forces the Vr of Q. to a specific value by varying the
current through Q4, and it maintains this value by
means of the thermal feedback between Q. and Q,. The
symmetrical layout of the IC ensures that the two
log-conversion transistors are always at exactly the
same temperature. The component values shown will
maintain the MAT-04 die at approximately 60°C.

This operation may violate the rated specifications of
the MAT-04 package and cause degradation of Q/’s B,
but it does not hurt performance, because the charac-
teristics of the heater are unimportant. You'll get the
best results by encasing the MAT-04 package in ther-
mally insulating foam, such as the urethane foam used
for housing insulation.

To null the amplifier, you begin by setting the input
voltage to 1 mV. Adjust the offset voltage of IC, for an
output of 3V. Next, raise the input to 10V and adjust
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the gain for an output of —1V. These two adjustments
are interactive, so you may have to repeat them several
times. You can modify the zero-crossing point by chang-
ing the value of resistor Rs. EDN
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Article Interest Quotient (Circle One)
High 482 Medium 483 Low 484
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The no-gimmick
MMICs: Cascadable,
cost-effective,
uniform GaAs gain
blocks — available
now from stock!




Small size, easy to use...
lower cost than hybrid designs.

We think you will be amazed at how much our family of low-
cost, gallium arsenide MMIC gain blocks can save in overall
system design time and cost. And how they provide uniform
performance over wide bandwidths. So you can drop them in
wherever utility gain blocks are required.

Take our little HMR-10502 GaAs MMIC amp, for instance. It
provides 10 dB typical gain and 10 mW output power from 0.5
to 5 GHz.

Or its companion MMIC, our HMR-10503. It provides 10 dB

typical gain and 10 mW output power from 1 to 5 GHz and
includes on-chip decoupling capacitors.
Designed for higher
frequencies.
For higher-frequency applications, we
also offer the HMM-11810 — with 5 dB
typical gain and 50 mW output power
over the 6 to 18 GHz band.

Since they're fully cascadable, you can
combine multiple MMIC chips on the
same ca<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>