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The best of both worlds.

The K450B Logic Analyzer and
the 4074 Digital Storage
Oscilloscope from Gould...

State-of-the-art test instruments for
designers of today’s superfast digital and
data communications systems.

Powerful measurement capabilities...
The K450B Logic Analyzer, with up to 80
channels at 100 MHz or 40 channels at
200 MHz and glitch capture across all
channels, provides top performance.
AND the 4074 DSO—the only 4 channel
instrument with 400 MSample/Sec 8 bit
converters on every channel—is the
most sophisticated oscilloscope available
for the high speed pulse measurements

required by electronics designers and
test engineers. TOGETHER—they work
as an integrated system without any of
the compromises of hybrid systems;
APART—two high performance instru-
ments available for separate test
applications.

ease of use...
We provide that on both the K450B and
the 4074 with our AUTO SETUP facility.

and fail-safe performance!

Gould Electronics created the timing
analyzer market in 1978 with the intro-
duction of the first logic analyzer; and we
were pioneers in DSO technology. Today
we supply leading computer and tele-
communications equipment makers with

Circle No. 6 for K450B, Circle No. 45 for 4074

logic analyzers and DSOs for digital
design verification, hardware and soft-
ware integration, component and sub-
system test, hardware debug and digital
remote diagnostics.

Wherever high performance test and
analysis is required in digital electronics
design, Gould is at the leading edge with
a price/performance record second to
none.

For further details, contact:
Gould, Inc.

Test & Measurement
19050 Pruneridge Avenue
Cupertino, CA 95014
1-800-GOULD 10
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[Tl New Simple To Use Network
o Expands Power of STD Systems

Turnkey industrial networking for
STD Bus aﬂd.mnal Comp“tefs

Z-NET is a complete, simple to use network for
industrial applications. Z-NET extends the capabilities
of Ziatech's PC DOS-based STD Bus systems by
allowing them to share information and resources
with other STD systems and IBM-compatible
personal computers.

ARCNET hardware protocol, ViaNet software

Ziatech’s STD and PC network controllers are based
on the well-established ARCNET protocol, and are
supported by ViaNet, a software package from
Western Digital that makes using the network as easy
as making simple DOS calls.

Remote control for embedded systems

Z-NET was designed to meet the specific network
needs of industrial STD Bus computers, which are
typically unattended or embedded in equipment.
Z-NET makes an ideal sub-network in a large factory
or a total solution for smaller applications.

Ziatech’s exclusive Virtual Network Console (VNC) lets
a network manager control a remote node from his
local STD or PC console. VNC capabilities let
operators remotely reboot a node and remotely
execute or download programs, eliminating the need
for PROM installation or replacement.

Circle No 4

A single network source
Z-NET is a complete network solution

for industrial STD and personal computers,
available now from an established source.
The necessary hardware, software, cables,
documentation, and applications support

are all available from Ziatech, a leading
manufacturer of STD Bus and |EEE 488 products.

Free industrial networking guide

For a complete technical brochure and
configuration guide to a complete STD and PC
network, call Ziatech today. (805) 541-0488

1|lzaTeCH

CORPORATION

3433 Roberto Court

San Luis Obispo, CA 93401 USA
ITT Telex 4992316

FAX (805) 541-5088

Telephone (805) 541-0488

ARCNET Is a registered trademark of Datapoint
Corporation.

ViaNet is a registered trademark of Western Digital
Corporation.

PC DOS and IBM are registered trademarks of
International Business Machines, Incorporated.



PUNGH UP YOUR FLASH

A/D PERFORMANGE.

FREEZE VIDEQ
SIGNALS WITHA
SAMPLE & HOLD
AMP LIKE THIS.

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

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

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

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

The VA730 has an A/D converter
reference power supply, a sample &
hold function, and an ECL clock
output section operating to a
frequency of 5S0MHz.

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

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

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

Flash Converters to 8 bits,
250MHz.

DACs to 12
bits, 100nsec
settling time.

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

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

And Operational
Transconductance
Amplifiers to 50V /usec,
T5MHz.

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

Most of these standard parts
are also available as cells in our
6GHz Linear/Digital Bipolar
Standard Cell Library, the VL3000.

VTC Incorporated

Performance, Pure & Simple™

They all feature +5V operation, - J et S o B W
which means they help simplify your 51 PR A
system power requirements, and “~ .Nu M-é L “:’W‘ o
reduce power consumption. - et ‘}w‘; 40! s+h

For samples and data sheets \1\950 ﬂﬁé" -7 a8 L st
on the VA730, o any of our LSP -~ O‘ac:kﬂ a0" o %"fﬂﬂb’ﬂdﬂl i
products, call toll-free or write - sH , _,\u% 2 R0
us today: VTC Incorporated, et "ﬂ ™
2401 East 86th Street, Bloomington, - o‘gzﬁﬂ“"
MN 55420. (In Minnesota: £
612/851-5200.) pa
CALL 1-800-VTC-VLSI -

L
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Writing a GPIB program
shouldn’t take an eternity.

You shouldn’t have to
hammer out hundreds
of lines of BASIC, or
look up all those

instrument

qP»"‘?’ commands. All
OF L you should have to
do is tell the computer what
kind of test you want to run, what
instruments to use, and what to
do with the data.

Then it should do the rest.
After all, it is a computer.

Starting now, that’s how it’ll

S

Circle 1 for Literature

be, if you have our new WaveTlest®
software.

Just point to the program
elements you need, assemble
them either as a flowchart or a
string of icons. Wavelest writes all
the program code, including the
GPIB commands for more than
fifty different makes and models of
instruments.

You'll be able to take months
off of test development. Best of all,
you’ll be putting your time into
the design of the program—and

Circle 40 for Demonstration

© Copyright 1988 Wavetek Corporation / WaveTest is a registered trademark of Wavetek Corporation / Microsoft is a registered trademark of Microsoft Corporation

not into tedious code writing.
Wavelest runs on your PC-
compatible computer and it uses
Microsoft® Windows and a mouse,
making it very user-friendly.

To write another program
without WaveTest would be a basic
error. For immediate information,
call our Applications Department
at (619) 279-2200.

Wavetek San Diego, Inc.,

PO. Box 85265, San Diego, CA
92138. TWX 910-335-2007.

WAVETEK




WHO YA GONNA CALL TO ICE
68020 BUGS? ATRON BUGBUSTERS!

We recently received a competitive
analysis written by a billion-dollar
competitor of ours. In it, they rank in-
circuit emulation companies in order
of importance. We were number one.

S0 WHO’S ATRON?
Today, Atron is the
number-one supplier of

tedious mental translations and displays what the

processor really did. The technology, called pipeline

dequeueing, is only available from
Atron. Because the Atron bugbusters
are the only ones anywhere who’ve
figured out how to do it. And it took us
100,000 lines of code. Consider it our
contribution to your sanity. (It was a
dirty job, but somebody had to do it.)

hardware-assisted soft-
ware debuggers for
8088/80286/80386-
based PCs. Nine of the
top ten software pack-
ages were written by
Atron customers. Every-
body from AST to
Borland to Oracle to
Zenith. Now, we can
make the same claim in
the 68020 marketplace.

Everybody from
Apple (MAC IIs) to
Wellfleet (datacom) will

Clock speed

W Trace

68020 PROBE
SPECIFICATIONS

25 mhz
Transparent

2048 cycles by 96 bits
Qualified trace region
Dequeued trace data

Pre and center triggered
Includes symbols and source
Dynamic cache control

8 hardware on execute

Read, write, fetch, logic
Single or range addresses

16 software breakpoints
Sequential triggers - 4 terms
Real-time pass counter
Guarded access on memory
Output lines for cross trigger
Input lines for external logic
512K

Yes for C, Pascal, Assembler
S, Tek, Coff, 4.2 BSD, SUN and
IEEE formats

Execution

Breakpoints

Mapped RAM
Source debug
Symbolic debug

LET THE SOURCE
BE WITH YOU.

Why spend all day
doing mental transla-
tions between your C
source code and the
machine code in your tar-
get? These tedious oper-
ations are eliminated
with Atron’s source-level
debugging capabilities.

Since PROBE uses a
PC AT as its instrumen-
tation chassis, you can

attest to the superiority
of Atron’s 68020 debug-
ging technology. One
Atron customer even
said, “We sent our non-
Atron ICE unit out sev-
eral months ago for
repairs; nobody around
here seems to know or
care if it’s back yet. The
Atron unit is the tool of
choice’’

25-MHZ, REAL-TIME, EMULATION:
SOONER OR LATER, YOU KNOW YOU’LL NEED IT.

Why invest in a slower emulator (especially one that
costs more)? Some bugs only occur in real time, and you
know your next design will be 25 mhz. Before Atron’s
state-of-the-art design, there was no such thing as a 25-
mhz emulator. There still isn’t another one anywhere near
our price.

PROBE CAN TRACE IT THROUGH THE PIPELINE,
SO YOU WON'T LOSE YOUR MIND.

The 68020 has an on-board pre-fetch pipeline. Without
Atron’s 68020 PROBE, your best software engineer will
spend a lot of time figuring out which instructions actu-
ally execute, and then, which bus cycles go with those
instructions. The 68020 PROBE eliminates all these

© 1988 by Atron. 68020 PROBE is a trademark of Atron. The other companies mentioned own numerous trademarks. Call 44-2-855-888 in the UK and 49-8-985-8020 in West Germany.

Symbol table
User interface
Macros

Download

Coprocessor

Limited only by AT disk size
Multiple windows and menus
Yes, and conditional execution
To target system at 375k baud
68881,68851

get compiled code to its
target via Ethernet,
VAXNet, SUNNet,
SCSI or RS-232. And
whether you are compil-
ing on a PC, a worksta-
tion or a VAX, Atron
supports more object-
module formats than
anybody else (see speci-
fication box).

YOU'LL BE A BELIEVER
AFTER A SHORT DEMONSTRATION.

So who ya gonna call? Bugbusters! Today. At

408/741-5900. Or send in the attached coupon.

-

My business card or company letterhead is attached:

O

]
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I’ve got to see this for myself. Please have a represen-
tative call me to schedule a demonstration.

Please send me your 36-page 68020 PROBE user’s
guide, with its command summary and examples of use.

ALEN

BUGBUSTERS

A division of Northwest Instrument Systems, Inc.

Saratoga Office Center ® 12950 Saratoga Avenue

TRBA

EDN March 17, 1988
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On the cover: VGA chip sets bring color
graphics within designers’ veach. See py
118. (Photo courtesy Video Seven Inc)

VBPA ABP

DESIGN FEATURES

Special Report: VGA chip sets 118

While debating degrees of compatibility with IBM’s Video Graphics
Array standard, manufacturers of VGA-like chips are attempting to
woo designers by offering exotic features and backward compatibility
with other IBM display products.—] D Mosley, Regional Editor

Decade 90: The future of system design—Part 2 130

The next decade’s billion-transistor ICs will rapidly make manual
system-design methods obsolete. If engineers are to tackle larger, more
complex electronic designs, they will need automated design tools. To-
day’s CAE tools help engineers develop system components. Tomor-
row’s tools will help designers develop entire systems.—Steven H
Leibson, Regional Editor

Design method yields low-noise, 141
wide-range crystal oscillators

A characterization technique allows you to design frequency-
determining networks for tunable crystal oscillators. —T7m L Hillstrom,
Hewlett- Packard Co

System architecture dominates 155
design of no-wait-state cache

To extract maximum efficiency from today’s 32-bit CPUs, you must
provide them with zero-wait-state access to program and data memory.
—James K Flynn and Narciso Mera, ATT Microelectronics

Token-bus-controller interface 167
must resolve family disparities

A system designed for a token bus network can benefit from a token
bus controller such as the MC68824. The amount of glue logic re-
quired to interface the host to the controller will differ, however.—Pau/
Polansky, Motorola Inc

Evaluate model types before 187
simulating logic circuits
By modeling your logic-circuit design in software before, or in place

of, building a hardware prototype, you can save yourself a great deal of
time and money. Before you can make this determination, however,
you must know more about the four basic types of simulation
models.—Kent Moffat and Don Carter, Mentor Graphics Corp

Continued on page 7
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE leleST & MEgASUREMENT

FLUKE PHILIPS

more productive and easier to use. You get
plug-in modularity and IC microelectronics

for reliability you've never seen in this class
before. Plus, for a limited time, you get a
no-risk, no-questions-asked, 30-day money-
back guarantee. So why wait any longer?

TEST THE DIFFERENCE
Or peop e So call Fluke today at 800-44-FLUKE

ext. 77. And find out how smart your

next oscilloscope buy can be.

¢
John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C,
Everett, WA. 98206
U.S.: 206-356-5400 CANADA: 416-890-7600

OTHER COUNTRIES 206-356-5500

JEx q . 2 5 Ak { © Copyright 1987 John Fluke Mfg. Co., Inc.
The Philips microcomputer-controlled = Auto-Triggering “thinks for you”. This built- Al rights reserved. Ad No. 1075-P305X

PM 3050 Series. The only 50 MHz in intelligence provides fast, accurate, prop-
scopes in the world smart enough erly-triggered signals up to 100 MHz.
ta(:l::,l::aat?cdaﬂlsplav the signal— = [EEE Compatibility. The PM 3050 Series is
V- the only &?%%f 50 MHz scopes with an
add-on IEEE-488 interface option for fast
SMART PERFORMANCE computer hook-up.

= Autoset finds the signal at the touch of a . L% i
button. Philips’ intelligent beamfinder auto- gh|c)/ce d(’f Modefs. Single tnmebqlseblor
matically selects amplitude, timebase and GRayCl SWECD VBISIONS are avatiaoe.
triggering for error-free instant display of SMART SUPPORT

any input signal on any channel. Philips PM 3050 Series also comes with

= 16kV CRT for optimum viewing. When it a 3-year warranty and all the technical and ; 5
comes to brilliance, clarity and spot quality,  service assistance you need. From Fluke— o e i
nothing in its class shines brighter. the peaple who believe that extraordinary

= LCD Panel for confident, at-a-glance technology deserves extraordinary support.
operation. A valuable information center, SMART BUY

it instantly displays all instrument settings For about what you'd pay for the nextbest FLUKE
®

and parameter values. With no mistakes. scope you get innovative engineering that's
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TECHNOLOGY UPDATE

Pioneering engineers begin to 5%
adopt board-level automatic test generation
) You can recognize a pioneer by the arrow
in his back: Despite that adage’s implied war-

M ning, some designers of board-level products

KEEPING AMERICA are beginning to adopt design methodologies

COMPETITIVE compatible with testability techniques like
automatic test-pattern generation (AITPG).

Board- and device-level testability pro- —Dan Strassberyy, Associate Editor

ducts are available to proponents of design

for testability (pg 57).

Customer tralnmg and reverse engmeermg 73
promise to escalate the acceptance of CASE

CASE (computer-aided software engineering) is only now reaching
the stage of maturity that CAE tools were at several years ago, but it
won’t be long before CASE catches up to CAE.—Chris Terry,
Associate Editor

Digitally programmable 1-chip filters 83
yield lower-cost data-acquisition systems

Monolithic filters that combine programmability with the proven
advantages of switched-capacitor technology promise to let engineers
develop less-expensive, more versatile data-acquisition systems.—1arlton
Fleming, Associate Editor

PRODUCT UPDATE

100-MHz digital scope/logic analyzer combo 99

Single-output current-mode power supply 102
2 PR Matrix-switching system 105
EDN magazine Analog-signal multiplexer 106

now ofters

Express Request, DESIGN IDEAS

a convenient way

. ot i Watchdog circuit makes P fault tolerant 197
5 >VE DI " e . ’ .

(). r; LISV .} le He Precision circuit measures shunt resistance 198
Information By Converter output swings 5V using 5V supply 200
phone. SCC ic Multidrop circuit cuts cable cost 202
_ Rcadcr Scr\:lCC Spy terminal monitors RS-232C traffic 205

Card in the front Erpiaiid oo pige 9
for details on how
to use this free
service.
Cahners Publishing Company, A Division of Reed Publishing USA ["| Specialized Business
Expres-SI | l' Magazines for Building & Construction ['| Manufacturing ("] Foodservice & Lodging
eques ['| Electronics & Computers [ Interior Design [ | Printing [[] Publishing [] Industrial Research
& Technology ['] Health Care [] and Entertainment. Specialized Consumer Magazines:

["] American Baby [| and Modern Bride.
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TekCASE: HOW TO
BREAK A PROJECT INTO PIECES.
AND PUT IT TOGETHER AGAIN.

RIGHT.

o e |

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

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

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

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

™TekCASE is a trademark of Tektronix, Inc
®VAX is a registered trademark of Digital Equipment Corp.
Copyright © 1987 by Tektronix, Inc. All rights reserved. MIA454
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Tektronix:

COMMITTED TO EXCELLENCE
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High-resolution conversion




in the blink of an eye.

Get video speed, low power consumption,
high resolution and superior price/performance
with our new CMOS data converters.

We've expanded our line to include more CMOS flash
ADC’s, a charge balancing ADC, an SPIADC and a DAC. All
featuring single 5V supply operation.

We also offer a new high-speed op amp especially well-
suited to driving ADC'’s or video cables.

4, 6 and 8-bit CMOS flash ADC’s.

Choose from 4, 6 and 8-bit ADC'’s. All operate at video
speeds, with clocking speed and input bandwidth specified at
5V. What makes these flash ADC'’s special is silicon-on-
sapphire construction, resulting in low cost, high speed, very
low input capacitance, low power consumption and inherent
latch-up resistance.

10-bit CMOS charge balancing ADC.

This 10-bit successive approximation ADC captures fast
moving signals, providing excellent resolution.

It features a built-in fast track and hold, with conversion
rates of 150 KHz and an input bandwidth of 1.5 MHz. Even at
the maximum rate, power consumption is less than 20 mW.

10-bit CMOS serial ADC.

The CDP68HC68A2 is selectable for either 8- or 10-bit
resolution and has an 8-channel multiplexer allowing up to
8 channels of inputs. The device can be used directly with our
CDP68HC05C4, C8 or D2 microprocessors or other similar
SPI (Serial Peripheral Interface) buses.

8-bit CMOS R-2R video-speed DAC's.
These CMOS/SOS digital-to-analog converters operate

from a single 5V supply at video speeds and can produce “rail-
to-rail” output swings. Typical update rate is 50 MHz. Settling is
fast (20 ns typical) to 12 LSB. “Glitch” energy is minimized by
segmenting and bar graph decoding of upper 3 bits.

High-speed op amp.

Specially designed for use with data converters, the
CA3450 op amp has excellent speed and transmission line
driving capabilities.

For 10-bit accuracy, it settles to within 1/2 LSB in 40 ns with
a2Vinputsignal. And it can drive up to four 50 ohm
transmission lines.

ADC’s Res. Bits Conv.Rate Hz Power Diss. (MW) Pkg. Leads 1K Price
CA3304E 4 20M 30 16 295
| CASI04AE 4 25M 35 16

_CA3306CE 6 10M 65 18

_ CA3306E/3306AE 6 15M 70 18
CA3218E/3318CE 8 15M 150 24
'CA3310E/3310AE 10 150K 15 24
CDPBBHC68AZE 10 10K 15 16

DAC’s

casssse/asasAE| 8 [ som | 100 [ 16 ] eoomao |
OP AMP UGBW Hz _Slew Rate (X10) Tour MA Pkg Leads 1K Price
CA3450E [ 200m | soovusec | =75 [ "« [

Data in a flash.

For data sheets of these new products, call toll-free
800-443-7364, extension 19. Or contact your local GE Solid
State sales office or distributor.

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

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

The most popular communication protocols are
available in silicon to simplify your designs.

With protocol controllers from Motorola,
designing data communications is easier
and their markets are more universal
than ever before. Standard protocols are
built into silicon so there’s no need to
burden your host. Built with Motorola’s
proven HCMOS technology, they offer
the reliability you've come to expect and
the advanced designs you demand.

Communicate now with our
family of protocol controllers.

Our MC68000 Family offers three dif-
ferent protocol controllers to handle all
your data communication needs; whether
it's across the building or around the
world there’s a Motorola device that will
make your job easier. With our 68000
Family you can choose the protocol and
system designs that get you on line
quickly and economically.

X.25 Protocol Controller
1984 CCITT X.25 LAPB.

The MC68605 Protocol Controller
(XPC) implements the 1984 CCITT
Recommendation X.25 Link Access Pro-
cedure Balanced (LAPB) for US. and
European T1 applications. By generating
link-level commands and responses, the
XPC relieves the host processor of com-
munication link managerial tasks. It's
also fully DDN and Telenet certifiable.

Our XPC features an optional trans-
parent mode which allows the implemen-
tation of other HDLC-based protocols,
with user generation of all frames. The
XPC handles full-duplex synchronous
serial data rates up to a maximum 10
Megabits Per Second (Mbps) for high-
speed computer links.

Multi-link LAPD Controller
CCITT Q.920/Q.921 LAPD.

The MC68606 Multi-link LAPD
(MLAPD) Protocol Controller fully imple-
ments CCITT Recommendation Q.920/
Q.921 Link Layer Access Procedure
(LAPD) protocol for ISDN networks. The
MLAPD is designed to handle both sig-
nalling and data links in high-performance
ISDN primary rate applications.

This VLSI device provides a cost-
effective solution to ISDN link-level pro-
cessing with simultaneous support for
up to 8K logical links. The MC68606
is an intelligent communications protocol

EDN March 17, 1988

controller compatible with AT&T specifi-
cations for ISDN devices and features
low power consumption and high perfor-
mance, with an aggregate data rate in
excess of 2.048 Mbps.

Token Bus Controller
IEEE 802.4 MAC.

The MC68824 Token Bus Controller
(TBC) is the only single-chip solution to
implement the IEEE 802.4 Media Access
Control (MAC), specified by Manufac-
turing Automation Protocol (MAP). The
TBC implements four levels of message
priority and the Request With Response
(RWR) frame type to meet the real-time
needs of factory floor communications
and MAP 30.

The TBC conforms to the IEEE 802.4G
standard MAC to Physical layer serial
interface to support broadband, carrier-
band, and fiber optic networks. The TBC’s
low power consumption coupled with
its extended temperature range versions
make it ideally suited for factory auto-
mation applications.

Token Bus Frame Analyzer
Software speeds development
of token bus networks.

The MC68KTBFA Token Bus Frame
Analyzer Software (TBFA) is a real-time
software tool that speeds development
of token bus networks. The TBFA keeps
track of statistics while monitoring
network performance. By using the
simple menu-driven interface, the user
can define triggers to selectively store
and display frames, creating a powerful
tool for network analysis.

The TBFA is a set of four EPROMs
which runs on a VMEbus MVME372
Token Bus Controller board and requires
amodem, a VT100 terminal, and a power
source. The cost-effective TBFA sells for
about one-tenth the cost of existing
token bus protocol analyzers.

One-on-one design-in help.
Get an engineer-to-engineer update on

designing-in Motorola’s M68000 Family
of protocol controllers.

1-800-521-6274

Call toll-free any weekday,

Were

8:00 a.m. to 4:30
p.m, M.ST. If the
call can’t cover
your needs, we'll
have a local appli-
cations engineer
contact you.

@ MOTOROLA

e e e e

To: Motorola Semiconductor Products, Inc.

e s
Comar

(e Name

PO. Box 20912, Phoenix, AZ 85036 |

Please send me information on the following:
= [ ]MC68606 Multi-link LAPD Protocol Controller [ ]MC68824 Token Bus Controller
by [ IMC68KTBFA Token Bus Frame Analyzer [ |MC68605 Protocol Controller (X.25)

335END031788

Title

Company

Address

City

State Zip

Call me ( )

G i e e o s S A ) s Sl e S e
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Its your choice.
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Invest nowor pay later.

% are designed for any language produc-  remote control and simulation of
ing complete Intel OMF information.  1/O; plus user-definable windows for
A PC-based, in-circuit source level viewing registers, stacks and variables

ebugger and simulator are closely cou-

High- speed Symbolic Debugging
for Intel, Motorola and Zilog
Microprocessors
, Our VALIDATE/ES DRIVER pack-
Ferh e R AT TEPPIPI  age includes easy-to-use (menu-driven
z and remote control) software that
R smoothly links the host functions to
: A the ES 1800 emulator. This allows the
with our ES 1800 emulator. You upload and download of programs,
commands to examine varia-  Symbol tables and command files
the fly, check contents of regis-
determine current position in e
d real-time trace is displayed S s

COMMUNICATION
Comy

(‘;§evef statements machine

FILE FORMAT
Object File ended TERHEX

SYSTEM PROCESSES:

- Also included are a logic state analyzer
probe; the SCSI option for increasing
- download speeds by up to 30 times; plus
up to 2 Megabytes of overlay memory.
~ To find out more about 8, 16 or
2~b1t deveiopment solutions that save
ievel debugger, a SImulator and the  money in the long run, write Applied
'MCC68K compiler with our ES1800  Microsystems Corp., P.O. Box 97002,
; : ~ Redmond, WA 98073-9702. Or call
o s W26~3925 {In Washmgton, call

N
OETHET2
unt] 000

" 'Europe. contact Applied Microsystems Comoration Ltd,
Chiltern Counrt, High Street, Wendover, Aylesbury, Bucks,
HP22 6EP, United Kingdom. Call 44-0)-296-625462.

68000 MODULE: TURIN ~ BREAK #: 1 HELP=F35 MRI 108
COMMAND

- emulator. The package also includes
~ alogic state analyzer probe and our
well-known SCSI interface option, that
significantly decreases download time.
~ Inaddition to up to 2 Megabytes
- ofoverlay memory, you get target control

from your source code; powerful “C”
language macros for code patchi
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Introducing
the worlds most
powerful desk.
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vt ¥

Copyright © 1988 Sun Microsystems, Inc. SPARC, OSN, X 11/NeWS, Sun-4, SunOS, and The Network /s The Computer
are trademarks and Sun Microsystems, and the Sun Logo are registered trademarks of Sun Microsystems, Inc. X Window System is a product of the
Massachusetts Institute of Technology. Other brand or product names are trademarks or registered trademarks of their respective holders.
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SUN-4/110. THE FIRST SUPERCOMPUTING
DESKTOP WORKSTATION.

This is the newest member of our extensive
SPARC™ (for Scalable Processor ARChitecture) family
of binary-compatible supercomputing workstations.

Sun-4/110 is a full 32-bit RISC machine that runs
at a blistering 7 VAX® MIPS and .8 double precision
Linpack MFLOPS.

It also has an ultra-smart, ultra-fast memory
management unit that keeps memory active so it —
and you — can run at processor speeds.

Its graphics performance is just as thrilling.
There’s an optional 3-D graphics accelerator you can
plug right in, plus a dedicated, pipelined, frame
buffer bus that moves solid and wire frame models
so fast, you’ll think you’re at the movies.

You can crunch numbers with the same dispatch
thanks to an optional floating-point accelerator.

And you can expand main memory to a very
hefty 32 Mbytes.

Which reminds us, the Sun-4/110’s main memory
has a unique caching scheme. It dynamically allo-
cates up to 32 Kbytes of its static column random
access memory to cache. So it’s there when you need
it. Yet, since it’s really just a part of main memory,
it doesn’t cost you extra.

You see, the object here wasn’t just to build a
small, fast workstation.

It was to build a balanced workstation that

When is a desktop workstation dehvers true "
not a paperweight? When it has this much Supercomputlng
software support. performance
Al Environment Imaging
Analysis/ Design Layout Verification fro_rn evgry corner
Animation Logic/Fault Simulation | Of its belng.
Auto Test Generation ~ Machining :
Bio Engineering Math & Stat That JUSt_
Computational MCAD : happens to sit on
Chemistry Molecular Modeling desk

Design/Drafting Numerical Control a desk.
Doc. Config. Mgmt. Schematic Capture And costs
Earth Resources Seismic Processing
ECAD Silicon Compilation far less than a
Electronic Publishing ~ Simulation/ Test
Engineering Graphics ~ Sofiware Development Comp.arable
Expert Systems Environment machine.
FEA Solids Modeling 1
Financial Structural Analysis SO there 1S
Fluid Dynamics Styling & Appearance no comparable
Graphics Modeling machine

SIT DOWN IN FRONT OF EVERY COMPUTER
IN THE COMPANY.

The great power of Sun-4/110 allows you to now
perform compute intensive applications on your
own, right at your desk.

But its openness also allows you to run, trans-
parently, any other computer in the company on
your own, right at your desk. Thanks to Sun’s Open
Systems Network (OSN™).The most comprehensive
open system offering in the industry.

In addition, Sun-4/110 is designed to run the
Sun Operating System (SunOS™), a converged ver-
sion of UNIX System V and UNIX 4.3/4.2BSD, that
has, for the first time, a standard window system
(X11/NeWS™), and a standard network file system.
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/ SPARC

CISC
DOLLARS

Microcomputers
Sun-4’s Scalable Processor ARChitecture (SPARC) sends computing in a
whole new direction.

0
=

Not only is the Sun Operating System compatible
with the huge base of existing UNIX applications,
it also will conform to the new application binary
interface (ABI) standard which will allow you to
run any and all SPARC-based applications, straight
off-the-shelf.

And because ours is an open, non-proprietary
Operating System — specifically designed for high
performance computing, by the way — you can be
sure there are going to be a lot of its applications
around.

Not to mention lots of machines from lots of
vendors to run them.

THIS IS WHERE YOU’LL WANT TO BE
FROM NOW ON.

Every member of our SPARC-based Sun-4™
family, the Sun-4/110 included, incorporates another
high performance standard.

The SPARC chip. An open, non-proprietary
32-bit RISC-based microprocessor.

SPARC chips are being built under license by
some of the world’s premier semiconductor houses.
So they’ll be competitively priced.

But unlike every microprocessor that’s gone
before, SPARC’s scalability provides an uninterrupted
growth path.

In fact, SPARC has so much headroom, in five
years, it’ll allow us to deliver a system that runs
100 MIPS.

For the price of a workstation.

SPARC’s extendability even includes other Sun
workstations. And allows us to upgrade Sun-3/110
and 3/140 systems to Sun-4/110s with a simple
board swap.

For more information about the new Sun-4/110
and the SPARC standard, call us at 800-821-4643,
or 800-821-4642 in California. Or write Sun
Microsystems, Inc., 2550 Garcia Ave., Mountain View,
CA 94043.

And make the world’s most powerful desk

%2 SUn

microsystems

The Network Is The Computer™
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New high performance

PC-based emulators from HP

Introducing the HP 64700 Series
emulators. Low-cost, entry-level, PC-
based emulators with features you
won't find with any others in the price
range—or even higher. The HP 64700s
deliver unmatched capability, ease-
of-use, measurement power, flexibility,
and reliability . . . plus HP support.

While the HP 64700s are tailored to
meet the needs of individual engineers
and small design teams, they'll

18

perform equally well for large teams
working on complex projects.

The rapidly expanding family of
HP 64700 emulators provide real-time,
transparent emulation at full processor
speeds with no wait states. The PC
user interface gives a new meaning
to the term “friendly” with features
like multiple windows, single-letter
keystroke command entry, access
to symbols for powerful debugging

capability, timing diagrams, and on,
and on, and on. The experienced
user as well as the beginner will
appreciate how easy these emulators
are to work with.

In addition to the features shown
above, there are lots of others that
put the HP 64700s in a class by
themselves. To name a few: function
with IBM-PC, HP Vectra and
compatibles, RS-422 high-speed serial
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You could spend a lot more
and get a lot less.

“Sky-hook” handles
plus flexible 2- to 3-foot
cables and low-profile
probes allow easy
access into target
systems.

Multiwindow viewing allows
up to eight displays on-screen
simultaneously.

Powerful emulation bus
analyzer with 8-level
sequencing and optional
16-channel, 25 MHz
state & 100 MHz timing
analyzer available.

Entry level HP 64700 emulators are
hardware and software compatible
with the HP 64000-UX
environment.

= =

Up to 32 emulators can be
interconnected, synchronously
started, cross armed, cross
triggered, and halted.

interface for superior download and Free demo disc.
upload speed, code coverage analysis
for efficient software testing and :
design, host-independent portability, Eﬁz;g;‘{ii}’?geﬁfg
and compatibility with popular absolute  1p g4700 Series
file formats such as Tektronix and Intel capabilities, call HP
hexadecimal and Motorola S record. ot 1—800—752—0900
Once you get your hands on an ext. 215N or mail the
HP 64700 emulator, you'll agree that ) Nt me
this is the new standard in the field. reply card
Especially at a starting price of $8,900. .

For a free demo disc

oy [ Sicicaro
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SIEMENS

it’s 6:00 p.m. ...do you know where
your optocoupler supplier is?

With Siemens you wouldn’t be concerned.

Because unlike several other suppliers...

e We’re not moving our manufacturing plant

¢ We’re not farming your jobs out to

subcontractors

¢ We’re not merging

e We’re not up for sale
Siemens means confidence and security as a
stable, world-respected components supplier. And,
as a coupler user, you can depend on the Siemens
commitment to design, manufacture, and
distribute high quality optocouplers—now and
for the long term.

Count on Siemens for price competitive industry-
standard couplers, duals and quads, SOIC-8

CIRCLE NO 14

surface mount devices, a wide range of special
purpose types and a broad offering of UL and VDE
approvals.

Find out why more companies are opting for
Siemens . . . the optocoupler supplier that will be
there in the morning.

For more information, call 408-257-7910.
Or write to Siemens Components, Inc.,
Optoelectronics Division, 19000 Homestead

Road, Cupertino, CA 95014.

Distributors: Advent Electronics, Inc.,
Siemens...your partner for the future.

Almo Electronics, Hall-Mark, Insight
CG/2000-409 WLM 570

Electronics, Marshall, Quality Components,
Western Microtechnology.
1987 Siemens Components, Inc.
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NEWS BREAKS

EDITED BY JOANNE CLAY

BUS-DRIVING, BiCMOS ASIC FEATURES 72-mA OUTPUTS

The LDD10000 family of gate arrays from LSI Logic (Milpitas, CA, (408) 433-8000)
lets you create an ASIC that directly drives uP and peripheral I/0 buses. Members of
the family share a 3-region architecture consisting of I/0 modules, internal BiCMOS
blocks, and a compacted CMOS core array. The six products that comprise the family
contain an estimated 8000 to 45,000 usable CMOS and BiCMOS gates and 144 to 256
I/0 pads. You can configure each I/0 buffer as an input (with CMOS, TTL, or Schmitt-
trigger input characteristics) or an output (with 6-, 12- or 24-mA drive). In addition,
you can gang as many as three I/0 buffers to create a 72-mA driver. The I/0 modules
include test circuitry that supports boundary-scan testing. Nonrecurring engineering
(NRE) charges for the LDD10000 family range from $100,000 to $250,000, depending
on design complexity and factory support. Part costs range from $50 to $500, depen-
ding on part complexity and packaging.—Steven H Leibson

ARRAY-PROCESSOR BOARDS ADD COMPUTATIONAL POWER TO PCs

The DSP32-PC family of floating-point array processors from Communications
Automation & Control (Bethlehem, PA, (215) 865-9706) are based on AT&T’s DSP32
floating-point DSP chip. The products include an 8M-flop processor on an IBM PC half
card and a full-size, 26M-flop processor card that’s compatible with the IBM PC/AT.
Designers who develop computation-intensive applications such as signal processing,
graphics, CAE/CAD/CAM, image processing, and scientific applications can employ the
processors to run their software on a personal computer. The company also offers
software-development tools, including assemblers, user-friendly window-based emula-
tors, C compilers, libraries, and demonstration programs. The IBM PC version of the
DSP32-PC is available now; it costs $695 in single quantities. The IBM PC/AT version
will cost $1500 and will be available for delivery by the beginning of the fourth quarter
of 1988.—Maury Wright

FLOATING-POINT PROCESSOR OFFERS 323-WORD REGISTER FILE

The WTL 3364 floating-point processor from Weitek Corp (Sunnyvale, CA, (408)
738-8400) can execute 20M flops. Integrated on one chip is a 64-bit floating-point
multiplier, a 64-bit floating-point ALU, a divide/square-root unit, and a 32-word x64-
bit register file with six ports. This chip conforms fully to the IEEE standard for
binary floating-point operations. The on-chip register file minimizes bus traffic and
allows you to use the multiplier and ALU simultaneously with independent operands.
In addition, the divide/square-root unit can operate in parallel with the multiplier and
ALU. The 3364 has three 32-bit I/0 ports configured as one input port, one output
port, and one bidirectional port. You can also use these ports as one 64-bit bidirec-
tional port. The WTL 3164 is functionally identical to the 3364, except that the 3164
has only one 32-bit bidirectional I/0 port and comes in a 144-pin PGA (pin-grid array)
package. The WTL is mounted in a 168-pin PGA. Samples of both chips are available
now; volume deliveries will begin in July. The WTL 3364 costs $909 (10); the WTL 3164
sells for $829 (10).—Doug Conner

UTILITY CONVERTS MS-DOS CODE TO EXECUTABLE 68020 CODE

You can employ the binary-to-binary code-conversion facility provided by XDOS to
convert IBM PC-compatible programs for direct execution on Unix-based systems.
Hunter Systems (Mountain View, CA, (415) 965-2400) offers XDOS, a Unix utility pro-
gram, for 68020-based systems. The software includes a binary compiler that per-
forms the code conversion and an environment emulator that emulates the MS-DOS
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environment. The end user can simultaneously execute multiple converted IBM PC-
compatible programs in Unix windows. The program maps the MS-DOS file environ-
ment into Unix, so MS-DOS programs can read and write Unix files. The package also
includes a Unix utility that reads MS-DOS files. Programs converted with XDOS are not
affected by the MS-DOS limit on 32M-byte disk volumes, and therefore can use the full
Unix disk capacity. The software is available now for 68020-based systems. OEMs can
license the software on a royalty basis. Suggested end-user pricing ranges from $425
to $2000, depending on the number of users a system supports. You can also expect
the company to offer XDOS for systems with non-68020 processors, such as Unix
systems based on RISCs (reduced-instruction-set computers).—Maury Wright

FLOATING-POINT PROCESSORS SUPPORT IBM-370 FORMAT

The WTL 2364 multiplier and WTL 2365 ALU from Weitek Corp (Sunnyvale, CA,
(408) 738-8400) provide an exact implementation of the IBM-370 Basic Floating-Point
Facility standard, the vendor claims. The 2-chip set is capable of performing 32M flops
for single-precision operations and 16M flops for double-precision operations. The
vendor claims these chips are the only double-precision IBM-format VLSI floating-
point processors available. Both chips are available in 144-pin PGA packages. Samples
are available now; volume deliveries will begin in June. A 60-nsec chip set is priced at
$825 (1000); a 75-nsec chip set costs $700 (1000).—Doug Conner

IEEE-488 MACINTOSH INTERFACE TRANSFERS 800k BYTES/SEC

Providing transparent data translation for as many as 14 IEEE-488 instruments and
peripherals, the MacSCSI 488 interface from IOtech Inc (Cleveland, OH, (216) 439-4091)
plugs into the SCSI (Small Computer Systems Interface) port of your Apple
Macintosh+, Macintosh SE, or Macintosh II computer. It facilitates data transfers
from as many as 14 devices to the Macintosh+ and Macintosh SE at 600k bytes/sec,
and to the Macintosh II at 800k bytes/sec. The modem-size MacSCSI 488 owes its
speed advantage to the fact that it uses no interpreted languages during the data-
transfer process. The MacSCSI 488 will not interfere with the operation of any hard-
disk drives you may connect to your SCSI port.

You can use either high-level, Hewlett-Packard-style commands or low-level bus-
transaction commands when writing IEEE-488 programs for the MacSCSI 488. The
$795 unit comes with software device drivers that let you program it in many popular
languages, such as Microsoft Basic 3.0, Turbo Pascal, Lightspeed C, VIP, and Hyper-
card. You also get a memory-resident desk-accessory program that lets you acquire and
save data from an IEEE-488 instrument while running any application program on
your host computer.—J D Mosley

TOKEN-BUS CONTROLLER SPECS 16-MHz DATA-TRANSFER RATE

Besides boosting the speed of its Enhanced TBC token-bus controller, Motorola
(Austin, TX, (512) 440-2140) has cut the price by 43% and packaged the controller in a
plastic leaded chip carrier (PLCC). The Enhanced TBC provides a maximum com-
munication speed of 16 MHz. Further, it performs IEEE 802.2 Logical Link Control
Type 3 acknowledged connectionless services, which increase the controller’s perfor-
mance and decrease the volume of the program code you have to write. The controller
can operate at serial data rates as low as 10 kHz. You can use the Enhanced TBC for
local PBX backplane connections, or you can use it to avoid protocol conversion in field
buses, providing a simple and inexpensive MAP interface. Available in 10-, 12.5-, and
16-MHz versions, the Enhanced TBC starts at $43.30 (100).—J D Mosley
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TRW LSI
now offers you
genuine TDC1048
performance in
low-cost plastic!

$19ea - 1000 PC. QTY
$15 ea - 10,000 PC. QTY

You can obtain the TDC1048NG6C at your nearest HamiltorvAvnet, Amow or Hall-Mark distrbutor. For full data sheet or technical assistance, call
or write our Literature Service Department at:

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

619.457.1000 Paris, 1.69.82.92.41; Seoul, 2.553.0901
Surrey (UK.), 0483.302364

TN A4

STRW Inc. 1988 — 712A03187 CIRCLE NO 16 TRW LSI Products
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NETWORK SUITS REAL-TIME CONTROL AND DATA ACQUISITION

The Efiway industrial-control network from Efisystéme (Montluel, France, TLX
340821) allows you to control as many as 8064 distributed I/0 lines from a Multibus I
computer or an IBM PC/AT. The token-ring network, which employs an optical-fiber
cable operating at a bit rate of 3.5M bps, can accommodate as many as 63 computers
or I/0 stations. Communication between a computer and the network takes place via
dual-port RAM on the computer’s network-interface card. The network’s automatic-
packet-transmission facility transfers the contents of this dual-port RAM to remote 1/0
locations or into the dual-port RAM of other network computers. It also transfers the
input status of remote I/0 channels back into the computer’s dual-port RAM. These
transfers occur automatically, without any software support from the control com-
puter. As a result, the entire system appears to the computer to be a memory-mapped
system rather than a network. The company estimates the cost of a 5-station network
with one intelligent station at around Fr fr 150,000.—Peter Harold

PROGRAMMABLE AUDIO PREAMP ELIMINATES GAIN-SWITCHING NOISE

By employing multiple-input, switchable op amps, the TEA6300 audio-frequency
preamplifier provides electronic volume, bass, treble, and balance controls; an input-
source selector; and a quad fader, none of which generate audible noise when you ad-
just them. Available from Philips’ Components Div (Eindhoven, The Netherlands, TLX
515673) for approximately gld 8.50 (10,000), the device is suitable for use in a variety of
consumer hi-fi audio equipment. The preamplifier has an overall gain of 20 dB, and it
typically introduces 0.05% total harmonic distortion. It has an input sensitivity of 50
mV for full output voltage, a signal-to-noise ratio of 80 dB, and a channel separation of
70 dB typ.

The device’s pinout allows you to introduce additional signal-conditioning circuitry
between the input source selector and the preamplifier’s input. An I*C-bus interface
allows you to program the preamplifier’s control settings from a microcontroller. The
TEA6300 is supplied in a 28-pin DIP or a surface-mount minipack.—Peter Harold

ANGLO-AMERICAN ACCORD PUTS VRTX32 AND UNIX ONTO VME BUS

Plessey Microsystems Ltd (Towcester, UK, TLX 31628; in the US, Pearl River, NY,
(914) 735-4661) and Ready Systems (Palo Alto, CA, (415) 326-2950) have cooperated to
produce Vxcel, a software package that supports Ready Systems’ VRTX32 real-time
operating system on Plessey’s 3R-bit VME Bus CPU cards. The package not only allows
you to use Unix V.3 as a program-development environment, but also lets you integrate
Unix and ROM-resident VRTX3R executives in a target system.

Links between the two operating systems allow you to request Unix services from
programs running under the VRTX32 executive. The links also let you request real-
time services provided under VRTX3R from an application program running in the
Unix environment. With Vxcel, you can also use Plessey CPU cards as target systems
for software generated by Ready Systems’ Cardtools computer-aided software-engineer-
ing (CASE) packages, or as targets for Ada programs that use ARTX as their run-time
operating system. The companies haven’t yet decided on licensing arrangements for
Vxcel, but they expect to have the first release of the product ready in the second
quarter of 1988.—Peter Harold
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The New 4180 Plug-In

SPEED TRIALS.

* Multi-channel: two
or four channel
configurations.

* Unmaliched single-shot
capabilities.

* High speed, 200 MHz
digitizing.

* 100 MHz analog input
bandwidth.

* Real-time math
Junctions.

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

Nicolet Test Instruments Division
P.O. Box 4288

5225-2 Verona Road

Madison, WI 53711-0288
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Nicolet Digital Oscilloscopes

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

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

Nicolet

INSTRUMENTS OF DISCOVERY
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tiny SPDT switches

absorptive... reflective

dC tO 46GHZ from$32€g)

Tough enough to pass stringent MIL-STD-202 tests, useable
from dc to 6GHz and smaller than most RF switches, Mini-Circuits’
hermetically-sealed (reflective) KSW-2-46 and (absorptive)
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike
pin diode switches that become ineffective below 1MHz, these GaAs
switches can operate down to dc with control voltage as low as -5V,
at a blinding 2ns switching speed.

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

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency
range. These surface-mount units can be soldered to pc boards using
conventional assembly techniques. The KSW-2-46, priced at only $32.95,
and the KSWA-2-46, at $48.95, are the latest examples of components
from Mini-Circuits with unbeatable price/performance.

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case,
contain five SMA connectors, including one at each control port to
maintain 3n sec switching speed.

Switch fast...to Mini-Circuits’ GaAs switches.

SPECIFICATIONS

PIN MODEL KSW-2-46 KSWA-2-46
CONNECTOR MODEL ZFSW-2-46 ZFSWA-2-46

FREQ. RANGE dc-4.6 GHz dc-4.6 GHz
INSERT. LOSS (db) typ max typ  max
dc-200MHz 09 11 08 1.1
200-1000MHz 0 43 09 . 13
1-46GHz 1319 15 26
ISOLATION (dB) typ  min typ min
dc-200MHz 60 50 60 50
200-1000MHz 45 40 50 40
1-46GHz 30 23 30 28
VSWR (typ) ON 1.31 1.3
OFF — 14
SW. SPEED (nsec)
rise or fall time 2(typ) 3(typ)
MAX RF INPUT
(bBm)
finding new ways up to 500MHz +17 +17
setting higher standards above 500MHz +27 +27
CONTROL VOLT -5V on, OV off -5V on, OV oft
m Mlnl CIrcurts OPER/STORTEMP.  -55° 10 +125°C  -55° 0 +125°C
A Division of Scientific Components Corporation PRICE (1 '24) 332.95 348.95
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 $72.95 $88.95
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
C117REVC
CIRCLE NO 18
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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-55631 requirements*).
Fast risetime and low droop for pulse applications;

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

immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in
EBG, EEM, Gold Book or Microwaves Directory.

*units are not QPL listed

finding new ways
setting higher standards

[ JMini-Circuits

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

C71 Rev. A
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Hitachi’s Wide Selection of CMOS Microprocessors
Gives You Freedom of Choice

Visit the grasslands of Africa, and you'll be
amazed by the sheer variety of life. Each animal
has evolved with specific traits, especially suited to
its needs. .. its environment.

Take a look at the CMOS Microprocessors and
Microcontrollers from Hitachi. Here’s an incredible
variety of devices, each created to meet your specific
design needs.

Hitachi makes more devices in CMOS than
anybody else. Our product lines include CMOS
microprocessors and microcontrollers, as well a
peripherals, gate arrays, and a broad range of
memories. They’re available in various industry-

Abundant Varie

standard architectures, in a choice of speeds,
temperature ranges, and packaging variations.

Now you can get CMOS benefits in many of
your old favorites. Plus, we've come up with some
new devices destined to become your new favorites.

Hitachi has the CMOS solution for all your
designs. Our high-speed CMOS devices are perfect
for portable instrumentation, telecommunications,
high-reliability industrial control, automotive appli-
cations, and systems used in harsh environments.

These devices are available in production
quantities today. Many are second-sourced. Now
you can build high-performance systems that are
more reliable, smaller, and less expensive.




Our CMOS products include:
® HMCS400 Series 4-Bit Microcontrollers
® HD6301/6305 8-Bit Microcontrollers
® HD64180 Family of 8-Bit High-Integration
Microprocessors
® HD6303/6309 Microprocessors
® HD68HCOO00 16-Bit Microprocessors
® 8/16-Bit Microprocessor Peripherals

Fantastic devices are only part of Hitachi's
total CMOS solution. Hitachi’s CMOS products
also deliver unsurpassed quality and reliability.
We have comprehensive hardware and software
development support running on popular systems

such as IBM-PC. * The conclusion: You have a
complete solution with Hitachi.

Fast Action: To obtain product literature

immediately, CALL TOLL FREE, 1-800-842-9000,
Ext. 6809. Ask for literature number R16.

*IBM-PC is a registered trademark of International Business Machines Corporation.

Hitachi America, Ltd.

Semiconductor and IC Division

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

@ HITACHI

We make things possible
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If you're testing complex boards

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

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

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

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

Divide and conquer.

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

Testing is controlled by a VAX computer. It sends
tasks to specialized processors for rapid deployment
The L293 VLSI Module Test System. of analog’ dlgltal, and memory tests.

EDN March 17, 1988
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" WAVEFORM AND BOARD DISPLAYS

= i 4 g WAVEFORM AND BOARD DISPLAYS

heres asimple plan of attack.

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

High-powered software tools tailor L200 test
development to modern design techniques and test
strategies.

Precisely the

caliber of

tools you
i need to get
dl tests up and
" running fast.

Take our LASAR simulator. It works closely with
the L.200 for both cluster and board-level testing.
LASAR accurately predicts VLSI circuit responses
and reports test program fault coverage.

Significantly, LASAR simulates L200 charac-

Test Maximum Channel
Channels Pattern Rate  Skew

EDN March 17, 1988

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

A powerful ally.

L.200’s have proven themselves under fire at hun-
dreds of advanced manufacturing sites worldwide.
So if you're about to take on a new VLSI/VHSIC
project, find out how to launch a winning test strat-
egy. Call Daryl

N\
Layzer at B g 7 \
Gyt CRADY N
Ext. 2808 with- .
it delay We measure quality.

VAX is a trademark of Digital Equipment Corp.
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MODULA 2
PASCAL

Cross-Compiler Systems

eHigh performance, field-
proven software develop-
ment systems producing ex-
tremely compact, fast-
executing, ROMable output
I code.

®Fach cross-development
package includes:

*C, Modula 2, or
Cross-Compiler

* Macro Relocating Cross-
Assembler

» Object Code Librarian

e Object Module Linker

* Hexadecimal Format Loader
[S-Records, Intel Hex, TEK Hex)

» Standalone Support Library
(EPROMable, with full floating
point support)

Pascal

® All languages can be intermix-
ed with assembly language

®Targets supported:

6301/03
6801/03

6809

68HC11"
68000/08/10/12
68020/881/851
32000/32/81/82

® Available for following hosts:

VAX: VMS/UNIX/ULTRIX
PDP-11: UNIX/TNIX/VENIX
68000: UNIX System V
PC,XT,AT: MS-DOS
PowerNode: UTX/32

UNIX: TM of AT&T Bell Labs

VAX, VMS, PDP-11, ULTRIX

TM of Dig. Equip. Corp

TNIX: TM of Tektronix Inc

VENIX: TM of VenturCom
PowerNode; UTX/32: TM of Gould Inc

INTROL CORPORATION
647 W. Virginia Street
Milwaukee, WI 53204
(414) 276-2937
FAX: (414) 276-7026
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Lost technology?

Recently, two Design Ideas submis-
sions, one written by me and the
other by my son, were rejected,
showing your reviewers’ lack of un-
derstanding of the concepts illus-
trated.

I'd like to solicit your readers’
comments on this subject.

In my view, the parameter of
transconductance (g,,) characterizes
active devices better—whether bi-
polar transistor, FET, or vacuum
tube—than the much more common-
ly used parameters of current gain
or voltage gain (B or p).

Bipolar and FET devices, as well
as electron tubes, are transconduct-
ance-controlled devices. Their
transconductances are functions of
(q/kT) and the device output current
(I). The reason that standard tube
testers and transconductance-type
testers give essentially equivalent
results is that both respond in the
same manner to the deviation from
ideal g, (Ioq/kT). This deviation in-
creases with I, thanks to the in-
creasing cathode (interface) imped-
ance.

At low currents and with minimal
leakage, the transconductances of
both FETs and electron tubes are
(q/kT) times the output currents for
the devices. Because edge-current
effects increasingly shield the con-
trol of channel current as I, in-
creases, the effective transconduct-
ance decreases.

The parameters of importance to
all of these devices include the bias
voltage used to set a given level of
output current and the bias-voltage
change necessary to alter the output
current by a given ratio (like 2:1).
As long as beta exceeds a nominal
value like 20, it’s unimportant. But
both driving point and transfer ad-
mittances are functions of the re-
spective currents and define the ad-
mittances in terms of (q/kT) and an
efficiency parameter. All of these
devices have inherently exponential
nonlinearities, and the discrepan-
cies are consequences of inherent
parasitic parameters like base,
emitter, and source spreading resis-
tances and cathode interface imped-
ance. Consequently, the use of cur-
rent or voltage gain in
characterizing these devices leads
to analytical errors.

Proper operation of solid-state
amplifiers depends on the control of
voltage gain. Freedom from oscilla-
tion and achievement of minimum-
phase characteristics, so vital in
color TV and Doppler measuring
systems, for example, can only be
achieved with amplifiers whose volt-
age gain is stabilized. And transcon-
ductance defines voltage gain.

IEEE publications accept only
analytical studies. Publications like
EDN can fill the gap between pure
theory and applications. EDN needs
to encourage articles and Design
Ideas that fulfill this goal.

I ask your readers to send in their
opinions on this sbject.

Keats Pullen
Kingsuville, MD

WRITE IN

Send your letters to the Signals and
Noise Editor, 275 Washington St,
Newton MA 02158. We welcome all
comments, pro or con. All letters must
be signed, but we will withhold your
name upon request. We reserve the
right to edit letters for space and
clarity.

EDN March 17, 1988
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LORAL SETS
NEW STANDARDS

FOR POWER, SPEED,
AND PERFORMANCE

Your next step in telemetry
systems is the System 500
from Loral Instrumentation.
Behind our easy-to-use
interface is more capability to
merge diverse data streams
and process and display data
in real-time, making this the
new standard in telemetry
systems.

The System 500's distributed
open architecture disperses
real time processing and high-
speed Gigabyte storage within
the system, eliminating host
computer bottlenecks.
Multiple color graphics
workstations simultaneously
monitor data on-the-fly.

EDN March 17, 1988

Advanced color graphics, pop-
up windows, pull-down
menus, and mice make it easy
to set up and view data
acquisition from multiple data
streams and sources, including

* PCM (up to 20 Mb/s)

* PAM

* MIL-STD-1553

* ARINC 429

* Analog and Digital

More real-time
processing power.
Each processor provides up

to 730K measurements per
second using a single 20-

MFLOPS numerics processor. A

single System 500 can handle
a minimum of 4M measure-
ments per second, for greater
real-time processing.

Escape laborious microcode

The next

step in

TELEMETRY
SYSTEMS

development with your choice
of algorithm development
languages: C, Fortran, and
direct algebraic entry, and a
large algorithm library that
includes data compression,
EUC, FFT, and PSD.

A system
designed for you
and your future.

Buy only the capability you
need today, and rely on our
library of acquisition, storage,
and distribution modules

System 500

when your needs change. The
System 500 is the new
standard for

* power

* speed

* performance

« ease of use

« flexibility

Call us at 1-800-351-8483,
ext. 500 (1-619-560-5888, ext.
500) to see why Loral’s System
500 is your next telemetry
system. We're located at

8401 Aero Drive, San Diego,
California 92123-1720.

LORAL

Instrumentation

CIRCLE NO 24
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NEW FROM TEK:

ANALOG FUNGTION,
ARBITRARY

WAVEFORM AND

SWEEP GENERATION
IN ONE GOMPACT
PACKAGE.

The Tek AFG 5101 Programmable
Arbitrary/Function Generator is
the latest addition to Tek's

TM 5000 family of proven, pro-
grammaltie, modular test
instruments.

An analog function generator, the
AFG 5101 can generate standard

sine, square and triangle waveforms,
plus dc level, with frequencies from
012 Hz to 12 MHz and amplitudes

of 10 mV to 9.99V peak-to-peak, into
50 ohms. Waveforms can be continu-
ous, triggered, gated or burst, from a

full range of triggering modes.
With synthesizer option,
the AFG 5101 achieves fre-
quency accuracies to .005%
(120 Hz to 12 MHz) over and
above the .2% frequency
accuracies in the standard

instrument.
An arbitrary waveform
generator, the AFG 5101 uses
two independent 12-bit by 8K /S
waveform memories to build £
any imaginable signal fom /& e ———
an array of 8,192 horizontal £ ' =
addresses and 4,096 ver-  / I/ 9 e
tical addresses. Enter the
waveforms manually
from the front panel,
from computer data
—or select one of
the unit’s predefined,
1,000-point
waveforms.

A sweep gener-
ator, the AFG 5101
includes linear,

Copyright ©1988, Tektronix, Inc. All rights reserved. TFA-824
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sweeps, with any sweep
usable in continuous,
| triggered, gated or burst
| mode. Users can receive

breakpoints, notches, or
response anomalies.

The applications are wide
Jopen. Use the AFG 5101 to

8lress or vibration characteristics. To
ich waveform theory to students.
much more.

logarithmic and arbitrary

instant frequency readout of

: drive sensors, timers, and other
= R&D equipment. To simulate metal

y waveform editing capabilities

AVAILABLE IN THREE
CONFIGURATIONS.

The first triple-duty test instrument of
its kind, it is available in monolithic
(AFG 5501), as a plug-in (AFG 5101),
or in our Programmable Arbitrary
Stimulus/Measurement package
(EBS 5002).

Take 10% off with our package
offer. Order the AFG 5101 in our
Programmable Arbitrary Stimulus/
Measurement package and take 10%
off catalog prices.

For the full story on these and
other Tek modular instruments,
call 1-800-426-2200. Or contact
your nearby Tektronix field office.

(Center photo) The AFG 51017 can be
ordered in either monolithic version, top
right, or as a plug-in for the TM 5000 series
mainframes, top left. Or, combine it with the
DM 5010 4.5 Digit Multimeter and DC 5009
135 MHz Digital Counter within a TM 5006
mainframe (EBS 5002), as shown at bottom,
and take 10% off the normal catalog price.

Tektronix:

COMMITTED TO EXCELLENCE

CIRCLE NO 25



So, it’s Power
you want?

e Up to 800 Amps ®Up to five outputs

¢115VAC ¢230VAC eSingle phase ®Three phase

e All safety approvals ® Equal current sharing

SWITCHING
POWER INC

3601 VETERANS HIGHWAY, RONKONKOMA, NEW YORK 11779

TEL. (516) 981-7231

W@

FAX (516) 981-7266

Callor write for onr free Catalog -
130 to 4000 watts.

38
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CALENDAR

jVisualization Science in Engi-
| neering and Computing, Arling-
’ ton, VA. American College of Radi-

ology, Box 2348, Merrifield, VA
| 22116. (703) 648-8961. March 30 to
| April 1.

| Digital Signal Microprocessor and
Microcomputer Chips and Devel-
opment Systems (seminar), Cam-
bridge, MA. Amnon Aliphas, DSP
Associates, 18 Peregrine Rd, New-
ton, MA 02159. (617) 964-3817.
April 4 to 6.

Worst-Case Circuit Analysis (semi-

| nar), Orlando, FL. Design and
Evaluation, 1000 White Horse Rd,
Suite 304, Voorhees, NJ 08043. (609)
770-0800. April 4 to 6.

Microcircuit Interconnections and
Assembly Methods (seminar), Ful-
| lerton, CA. California State Univer-
sity, Office of Extended Education,
Fullerton, CA 92634. (714) 773-3080.
April 7.

Electrostatic Discharge (ESD):
Concern or Over-Concern? (semi-
nar), Fullerton, CA. California
State University, Office of Ex-
tended Education, Fullerton, CA
92634. (714) 773-3080. April 12.

Hybrid Microcircuit Technology
(seminar), Fullerton, CA. California
State University, Office of Ex-
tended Education, Fullerton, CA
92634. (714) 773-3080. April 18.

American Power Conference, Chi-
cago, IL. Robert Porter, Illinois In-
stitute of Technology, Chicago, IL
60618. (312) 567-3202. April 18
to 20.

Worst-Case Circuit Analysis (semi-
nar), San Diego, CA. Design and
Evaluation, 1000 White Horse Rd,
Suite 304, Voorhees, NJ 08043. (609)
770-0800. April 18 to 20.

4th International Integrated Serv-
ices Digital Networks Exposition,
St Louis, MO. Information Gate-
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ENERES A

WeStgestYou Approach
Your Logic Analyzer
Decision Backwards.

thing else you want it fo be. Now, or later. Patfern
generator. Oscilloscope. SCSI tester. Frequency
counter. Ethernet node. Whatever.
So when you look at it backwards, the PLA
286 is a very forward-thinking machine,
%, indeed. Fold up the keyboard, grab the han-
=2\ dle, and it moves from heavy-duty, com-
plex R&D lab applications, fo complete,
- multi-function field analysis. All the power,
depth, range, and flexibility you need for the most

Up front, the PLA 286 gives you more of
what you need fo solve even the toughest
timing problems. Much deeper memory, for
example, than you'll find anywhere else: Up
to 4K per channel for state analysis; up to
8K for timing. And from 48 up to 112 chan-
nels. So you get a much bigger window into
problem areas. .

But what you see when you look behind the \
machine may impress you even more. Because in addi-

tion to being a powerful logic analyzer, it's also a powerful demanding software and hardware analysis, in one, neaf box.
10-MHz, O-wait-state, AT-compatible computer. The PLA 286 is one decision you can back info, and
There they are. Count ‘em. feel great about. Give us #74 KONTRON

Six standard slots, waiting to turn the PLA 286 info any- acall. (800) 227-8834. H\\ELECTRONICS

United States KONTRON ELECTRONICS INC., 630 Clyde Avenue, Mountain View, CA 94039-7230, Toll free number 800-227-8834
Europe KONTRON MESSTECHNIK, GmbH, Oskar-von-Miller-Str.1, 8057 ECHING/W. Germany, Phone: 49 (08165) 77-0
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“MATHCAD IS THE
BEST THING TO HAPPEN
TO THE ENGINEER
SINCE THE
POCKET PROTECTOR.”

— PC Magazine

For problems involving engmeer ng calculations or scientific analysis,
~ the answer is MathCAD®

MathCAD is the only PC-based software package specifically designed to
give technical professionals the freedom to follow their own scientific intuition.
You decide how to solve the problem - MathCAD does the '‘grunt work."’

= £nds tedious programming and debugging.

= Displays instant answers as you change variables.

= Generates quick plots to help you view results.
MathCAD includes such built-in features as:
= Matrix operations = Automatic unit conversions

_ = Simultaneous equation solver * Greek character set
* Real and complex numbers = Fast Fourier Transform
~ » Dynamic error flagging and much more

To find out what MathCAD can do for you, call us today for a free demo
disk: 1-800-MathCAD (in MA, 617-577-1017). Or write to MathSoft, Inc.,
- One Kendall Square, Cambndge Massachusetts 02139.

Requires IBM® PC or compatible,
Math Soft

_ 512KBRAM, gmphxcscacd

2+ ¥ - = x| = 3
Software Tools for Calculating Minds
CIRCLE NO 28

LCD readability
taken to new heights!

e Thin package with CMOS
drivers.

e Controller cards available.

e

e Fluorescent backlighting and
Supertwist technology combine
to create the brightest and
most dynamic graphic liquid
crystal display available today.

e Long life 20,000-hr. fluorescent
tube emits a bright, even light.

e Supertwist LCD produces a DENSITRON
high contrast display with a CORPORATION
wide viewing angle. 2540 West 237th Street
. . . €s ce
e Available in 3 sizes: 400x640, Torrance, CA 90505

200x640 and 128x256.

e Available in positive or negative
images with white, yellow or
blue background.

(213) 530-3530

FAX: G2/G3: 213-534-8419
TELEX II: 910-349-6200
Europe/UK: (0959) 76600

CIRCLE NO 29
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keepers, 214 Harvard Ave, Boston,
MA 02134. (800) 323-1088; in MA,
(617) 232-3111. April 18 to 21.

Instrument Society of America/
IEEE Columbus Conference and
Exhibit, Columbus, OH. Sol Black,
AT&T Network Systems, Dept
11CB123430, 6200 E Broad St, Co-
lumbus, OH 43213. (614) 860-5605.
April 19 to 20.

Fiber Optic Communication Sys-
tems (short course), Washington,
DC. Integrated Computer Systems,
Box 3614, Culver City, CA 90231.
(800) 421-8166; in CA, (213) 417-
8888. April 19 to 22.

IEEE Instrumentation/Measure-
ment Technology Conference
(IMtc/88), San Diego, CA. Bob

| Myers, IMte, 1700 Westwood Blvd,

Los Angeles, CA 90024. (213) 475-
4571. April 19 to 22.

Modern Electronic Packaging
(seminar), Raleigh, NC. Technology
Seminars, Box 487, Lutherville, MD
21093. (301) 269-4102. April 20
to 22.

Modern Microwave Techniques
(short course), Los Angeles, CA.
UCLA Extension, 10995 Le Conte
Ave, Los Angeles, CA 90024. (213)
825-3344. April 25 to 28.

Systems Engineering for Engi-
neers and Managers, Los Angeles,
CA. N B Reilly & Associates, 4220 S
Harbor Blvd, Suite 305, Oxnard,
CA 93030. (805) 985-7413. April 26
to 28.

Uninterruptible Power Systems:
Design, Selection, and Specifica-
tion (short course), Milwaukee, WI.
Center for Continuing Engineering
Education, University of Wisconsin-
Milwaukee, 929 N 6th St, Milwau-
kee, WI 53203. (414) 227-3120. April
28 to 29.
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WATCH WHAT YOU'RE DOING.

Introducing UniLab 8620 analyzer-emulator with InSight.

®  There’s nothing like InSight™ A feature ®  Computer integrated instruments from
of the new 8620 that lets you actually watch e g1 Indection Contraller Orion prove debugging needn’t be costly or
your program go through its paces. So you ¥ e T tedious. For more than 150 processors. Like al
can debug faster. And speed up microprocessor s’ Eh 3 our analyzer-emulators, the 8620 debugs by
development. For demanding applications like ot ([ o i [l e symptom.Via advanced truth table triggering.
the automotive controller shown. = oy —— Always included is enough breakpointing
s o, and single stepping (now faster than ever)

to assure optimum efficiency. We even provide
astimulus generator and built-in EPROM
programmer to help finish the job.

B Anexciting industry first, InSight blends
analyzer/emulator techniques to give y
continuous, real time monitoring of key pro-
cessor functions. See changing register contents,
1/0 lines, ports, user-defined memory win-
dows. With your own labels. And all at once.
Interactively.

Without stopping

your program.

o ®  Getserious about price/performance.
®  [nSight is made possible by the 8620’ Save big on design, test, and support costs.
advanced bus state analyzer, its 2730-bus-cycle  {;iLab 8620 analvzer-emulator.

trace buffer, and a new high-speed parallel :
interface that eliminates RS-232 bottlen

B [Lookintoit.

. " o Y WA A /e 3
®  The fast interface also speeds data Tollfrec: 500/243-8500.InCA: 415/361-8863.

throughput. From your hard drive, you can
load a 64K program into emulation memory
in five seconds.

b
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Computer Integrated Instrumentation
702 Marshall Street, Redwood City, CA 94063
Telex: 530942

*InSight is a trademark of Orion Instruments, Inc.

B ®  Ontop of that, you get a new, crystal-
= controlled 1 usec clock for super precis

event timing,
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VME VIEWPOINT #1

“We donit plan

to let VME

rest on its
laurels”

Shlomo Pri-Tal Manager, VME System
Architecture and Technology

42




People think Motorola invented VME. Actually,
a lot of companies had a hand in developing it. That’s
one of its main strengths: it’s an open architecture,
with no patents or copyrights to worry about.

Building open systems, to open markets.

In the long run, open systems benefit every-
one. That's why we've always fought so hard for
VME standardization through VITA, IEEE and IEC.
Because standards create a very competitive market,
where the OEM has literally thousands of VME
choices—from Motorola and elsewhere.

Chipping away at interface standards.

These same standards have enabled Motorola
to push bus hardware to hlgher levels of integration.
Take our - : two new bus

interface products, for example—the VME and VSB
chips. They eliminate a major source of potential
design errors for OEMs. So they can focus on
applications, rather than bus interface problems.

Plugging in mainframe performance.

To maximize OEM product life cycles, you
need a way to keep on plugging in new technologies,
without obsoleting your current products. That’s
exactly what our 68000 family—within a VME
architecture—does for you. Right now we have
020-based boards that are more powerful than the
mainframes of 10 years ago. And 030 products
that put the power of today’s minicomputers on
a desktop.

Pushing hard for software standards.

Through our VMEexec project, Motorola
continues to take the initiative in standardization.
We want to make sure VME software modules
from different vendors work together in a common
environment. That includes UNIX real-time
executives, device drivers, network services, and so
on. Eventually you'll be able to plug, say, any real-
time kernel you like into a VME board—without
affecting your software investment.

Putting it all together.

To be successful in today’s more complex
VME environment, a company has to take a systems
approach to everything it does. That means putting
together all the elements—chips, boards, software,
complete systems—from a single reliable source.
Motorola has more advanced technology, more high
quality products, more software resources, more
technical support and more VME experience. And
frankly, I don’t know of anyone who’s investing more
in the future of VME than Motorola. That’s what
being the leader means.

@ MOTOROLA
Microcomputer Division

Approaching our technology from
your point of view.

CIRCLE NO 31

For reprints of this series,

call 1-800-556-1234, Ext. 230;

in California, 1-800-441-2345, Ext. 230.

Or write: Motorola Microcomputer Division,
2900 South Diablo Way, Tempe, AZ 85282.
UNIX is a registered trademark of AT&T.
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CR keeps
standards

: 3090 Competitor
07ps  —pus
07us  —ps
26ps  —ps
09us  —ps
02us  —ps
42ps  —ps
06ps  —ps
02us  —ps
D3us —ps
02ps  —ps

M.2ps  372ps*

*Electronics Magazine August 20, 1987 Pg. 65

Finally,
a cure for SCSI

overheadaches.

NCR'’s 53C90 is the only
chip that can give you fast, fast,
fast relief from overheadaches.. . .
and that includes the newest

“A” and “6250” versions
from the competition.
Using combination

commands, dedicated
sequential logic and
dual-ranked registers
for command pipelin-
ing, the 53C90 is mag-
nitudes faster on and
off the bus. Plus NCR
implements complex
bus sequencing in hard-
ware, not time-wasting
software.

Here’s our bench-
marks. But run your
own and you’ll see the
other guys cause over-
headaches, we
cure them.

How our data
transfer rates
rate.

You either got great num-
bers. Or you don’t. We got ’em.
NCR 53C90 delivers the SCSI
bus maximum of 5.0 MBytes/
sec synchronous at 25 MHz for
the full length of the bus. That’s
at least 1MByte/sec better than
most competitive chips can do,
without migraine-sized over-
headaches. Asynchoronous?
NCR’s rate of 3.0MBytes/
sec—for the full bus—is
twice as fast as
99.9% of all
others SCSI
chips.
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' latch-up
~ zl protection and
the blessings of the FCC.

For example, the NCR 5380 and 53C90
families give you ESD protection up to 10,000
volts on the SCSI bus. NCR also provides con-
trolled fall times to reduce the undershoot that
could cause other CMOS chips to latch-up. Con-
trolled assertion rates also reduce generated RFI,
an important factor in winning FCC approval for
the final product.

NCR Microelectronics Division

%}j March 17, 1988
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zap-resistance,
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| well-connected
family.

Other suppliers can’t
show you much of a family
tree compared to NCR.
That’s because NCR goes
= back to the ‘“Mayflower” of
L SCSI controllers with the
S 5385in 1982, The most recent
offshoot of that original line
is the high-performance
53C90A. Consistent with
good family planning the software for the 53C90
is similar to our 5385 and 5386, so you can quickly
convert to the 53C90. A single chip host bus
adapter (53C400), integrated buffer controller
(53C300) and an ASIC supercell fill out our

product offering. And you can bet we’ll be there
when you need SCSI II.

It’s time to
raise your standards.

In SCSI, it’s not so much if you implement
the standard, but how. Because our chips have an
edge over other chips from other manufacturers,
they can help give you and your product an edge
in the market. We’ve shipped more than 3-million
5385’sand 5380’s and production quantities of the
53C90. If you don’t want to just settle for the stan-
dard, call NCR today.

For documentation call our hot line 1-800-
334-5454. Or write to, NCR Microelectronics,
SCSI Products, 1635 Aeroplaza Drive, Colorado
Springs, CO 80916.

For technical assistance, call 800-525-2252,
Telex 452457.

5386

S3cyo4

CIRCLE NO 32
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PAL is a registered trademark of Monolithic Memories, Inc.

Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134.
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EDITORIAL

Thanks for the help

Some people think EDN is supported completely by advertising sales.
That’s about half true. The other half of our support comes from loyal
readers like you who continue to select EDN as your favorite professional
publication. But, besides supporting EDN by picking it up and reading it,
readers provide almost 40% of what we publish and greatly influence the
remaining 60%.

We continually rely on readers to provide our applications articles, which
contain useful technical information that helps you do your job better. You
can count on four or five of those articles in each issue. I'm sorry to say,
though, that many people think writing for EDN is a formidable task. It’s
true that we're selective in what we publish, but we’ve made the writing
task a bit less daunting. You can get a copy of our revised booklet Writing
for EDN by calling (617) 558-4216 and giving us your name and mailing
address, or you can circle number 800 on the Information Retrieval Service
card bound in this issue.

Readers make other useful contributions, too. For example, in each issue,
several readers share their helpful hints, suggestions, programs, and
circuits in our Design Ideas section. We encourage you to send us a
submission; you'll find a Design Entry Blank published in almost every
issue near the Design Ideas section. You can also call Associate Editor
Tarlton Fleming at (617) 558-4743 to discuss your idea.

Engineers—and readers—don’t live by designing alone. So, we also
encourage you to call Deborah Asbrand at (617) 558-4324 when you have an
idea for nontechnical editorial coverage of the engineering profession or to
discuss important workplace issues. Debbie runs our popular Professional
Issues section, and she says that readers have contributed many interesting
article ideas. From time to time we run contributed Professional Issues
columns, too. Joanne Clay runs our Signals and Noise, or letters-to-the-
editor, section, in which you can express opinions about articles, industry
trends, Irwin Feerst, the IEEE, and‘other subjects. We appreciate your
letters and we read every one.

You also make other contributions that don’t show up directly in print.
Nonetheless, those efforts influence what we publish. Many of you take the
time to let us know what you think of our articles—whether staff written or
contributed. To get involved, take a look at the end of each article we run
and you'll find our Article Interest Quotient “bingo” numbers. As we
receive cards, we get regular reports about how many of you rated each
article of high, medium, or low interest. Those numbers determine which
contributed article wins the “Best of the Issue” award, a framed certificate
that acknowledges an author’s fine work. Those scores also tell us what you
like and dislike so we can be sure to consider your needs for future articles.

Many readers also take a few minutes to write down comments on the
bottom portion of their Information Retrieval Service cards. To us, those
cards are a valuable source of information. In fact, they’re so important that
we route them to everyone on the editorial staff. We read them all.

Unfortunately, some people think that all magazine editors are inaccessi-
ble. After all, how many of us have even thought of calling a Newsweek or
Time magazine editor to tell them what we think about one of their articles?
At EDN, we’re accessible. You can reach any of us by calling our main office
at (617) 964-3030. You can reach me directly at (617) 558-4573.

You can reach our nine regional editors directly, too. You'll find their
phone numbers listed in the masthead in the front of each issue. You can
also contact our regional editors via their MCI mailboxes. We have an MCI
mailbox for EDN, too—EDNBOS or 286-2057.

In sum, you're an important part of why we do what we do. We enjoy
writing for you and we enjoy hearing from you. So, the next time you have
an idea for an article, want to talk about what we should cover, or want to
talk with an editor about something he or she wrote, give us a call or drop
us a note.

Jon Titus
Editor

EDN March 17, 1988

47



=

il
-
-
- |1
-
-
-




design vision.

Enhance your design at any stage with
RCA CMOS 6805 micros and SPI peripherals.

Your challenge is to increase system performance and
capability while reducing board size.

Not an easy job. But certainly easier when you use our

6805 and 68HCO05 micros and serial per lpheml interface
devices.

Extend your micro's power.

Many microcomputers rely on parallel I/O ports to
communicate with pcnphelal devices. An inefficient
method at best.

That all changes with the serial peripheral interface
incorporated into our 68HC05 microcomputers.

This three-wire (plus device select) synchronous, full-
duplex, serial communication system contains separate
lines for input and output data, serial clock and device
select. You don't have to sacrifice I/O ports to communi-
cate off-chip: our 68HC05 micros can communicate with
our own serial peripherals, the serial peripherals of other
manufacturers, and even with other microcomputers via
only three port lines.

CDP68HC05
MICROCOMPUTER

REAL-TIME

oM CLOCK

SCK J J

DATA IN |2 WIRE

DATA OUT SEIBUS ] ]

—

PARALLEL A/D
1/0 CONVERTER

CHIP SELECTS

True design versatility.

The real beauty of the SPI is that it eliminates limita-
tions imposed by microcomputers.

For example, you can easily extend the amount of
I/0O or memory with SPI RAMs, I/O chips or shift regis-
ters. And the modular SPI bus gives you the ability to
expand without losing lots of PC-board space. Reduced
package sizes and minimized interconnect wiring lead to
reduced board size.

And since you don't need complex software to

operate the bus, you save ROM space.

Right now, we can offer you a versatile family of
peripheral devices, including 128-byte and 256-byte static
RAMs, a real-time clock with RAM, an 8-bit program-
mable I/O port, and a 10-bit 8-channel A/D converter.
And more parts are coming soon, including a digital
pulse-width modulator and a serial bus interface chip for
networking microcomputers. These serial peripherals
are also compatible with other microcomputer types.

Powerful family of micros.

We can provide 6805 microprocessors for external
memory address, but the heart of our SPI system is the
6805 Series high-speed CMOS microcomputers:

68HC05 Microcomputers e
Features 6BHCO5C4  6BHCOSC8  68HCOSD2  6BHCOSD2A
Pins 40 40 40 28
On-Chip RAM (bytes) 176 176 96 96
On-Chip User ROM (bytes) 4160 7744 2176 2176
Bidirectional I/0 Lines 24 24 28 16
Unidirectional I/0 Lines 7 inputs 7 inputs 3inputs 3inputs
Timer size (bits) 16 16 16 16
Prescaler size (bits) & e 2 bt
External timer oscillator no no yes yes
Serial peripheral interface  yes yes yes no
Serial communications yes yes no no

interface
*prescaler fixed as +4

Easy to prototype, too.

If you need another reason to choose our 6305 fami-
ly, here it is: they're so easy to prototype with our
P1ggvbd( k! We have the 68EM05C4 and 68EM05D2
Emulators, custom 40-pin packages that contain the
C4/C8 or D2 micros with a Piggyback EPROM socket.

When installed with a 27C64 EPROM, these devices
together become functionally identical to a
CDP68HC05C4, CDP6SHC05C8 or CDP68HC05D2.

Two final points: we'll give you fast turnaround, and a
wide variety of packages.

For more information, call toll-free 800-443-7364,
extension 22. Or contact your local GE Solid State sales
office or distributor.

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

GE/RCA/Intersil Semiconductors
Three great brands. One leading-edge company.
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How to improve your designs by the process of elimination.

Here are five new ways to
enhance your product’s perfor-
mance, or reduce costs, either
by eliminating non-essential com-
ponent features or by eliminat-
ing manufacturing steps with
ready-made subassemblies.

Long-life miniature
pushbuttons provide wide-angle
viewing, $1 each.

Our special, low-cost
square and rectangular MML
pushbuttons feature simple
momentary action,and come in
a choice of five button colors.
They’re ideal for applications
that require high performance,
but not UL listing or audible
feedback.

Square buttons are

available in LED

Low-Cost
MML Miniature
Pushbuttons

or incandescent lighted
versions with one-piece molded
lens caps for good visibility
from any angle. All versions are
covered by an 18-month
warranty, and come at a defect
rate of less than 50 per million.
Actual sizes, .39" x .39" square,
39" x .59" rectangular. All

are .67" deep. CIRCLE NO 147

High-resolution
gear tooth sensor has built-in
magnets and resistors to
simplify design and installation.

The completely self-con-
tained SR7P gear tooth sensor
reduces manufacturing steps
by providing a magnetoresistive
sensing element, biasing mag-
net, signal-conditioning elec-
tronics and pull-up resistor in a
compact thermoplastic hous-
ing with plug-in connector.

Operating on a standard
S VDC power supply, the sen-
sor can detect ferrous tar-

gets as small as 32 teeth/
inch, with digital current
sinking output through-
out a speed range of

Join us at Electro. May 10; Booth 642

SR7P High-Resolutio
Gear Tooth Sensor

0-12 kHz. Actual size, .345" x
1.25" x 1.775". CIRCLE NO 148

Simple cantilever spring switch
saves money where precision
snap-action isn’t needed.

Our V10 Series basic
switch uses a cantilever spring
system that’s ideal for simple
on/off applications, or where its
spring rate, travel or force
specifications are more compat-
ible with your requirements.
The V10 comes in general pur-
pose and UL/CSA versions,
with a wide choice of plunger or
integral lever actuators, and
capacities from 1 to 25 amps at
277 VAC.

All V10s feature combi-
nation quick-connect/solder ter-
minals that are compatible with
industry standard receptacles
and connector blocks.

Actual size .63" x .40" x 1.14".
CIRCLE NO 149

In-line digital current sensor
eliminates the need
for an external conductor.

Now there’s a way to moni-
tor uninterruptible power sup-
plies without sacrificing precious
board space. Our miniature CS
series-connect current sensor




V10 Non-Snap
Basic Switch

can be mounted directly to a
PC board. It uses a Hall effect
chip to respond accurately
within *=10% of a setpoint be-
tween 1.3 and 15 amps. Digital
output is compatible with
electronic control devices.
Actual size, .58" x .50" x .67".
CIRCLE NO 150

Ergonomic pushbutton
subassemblies increase design
freedom, reduce
manufacturing steps.

Our new SLP Series push-
button panels are complete
operator interface units ready
to install in your product. They
are available in standard or
custom layouts and packages to
meet your specifications, with
plug-in connectors to save
wiring time. Actuator travel is
.050}' providing positive tactile
feedback.

Design options are almost
limitless. You can choose from
solid state LEDs, built-in inter-
face electronics, and tamper-
resistant buttons with custom
colors, textures, shapes and leg-
ends. Individual or multi-
station lighting is avail-
able with or without g
button actuation to

help guide a user through a
sequence of operating steps.
CIRCLE NO 151

Let us help improve
your next design.

If none of these innova-
tions will improve your designs, *
or reduce costs, talk to us any-
way. With your input and our
experience, we'll come up with
one that will.

For more information, just
call The Sensor Consultants at
815-235-6600. Or write
MICRO SWITCH, Freeport,
IL 61032.

Together, we can find the answers.

MICRO SWITCH

aHoneywell Division

CS Series-Connect
Digital Current Sensor




AMERICAN
IEEE MEMBERS

It is time that IEEE represented the American working engineer, rather than the gang of
professors and corporate executives who have been the cause of our economic decline.
Contrary to their beliefs, THERE IS NO SHORTAGE OF ENGINEERS. There is, however, a
severe shortage of jobs.

IEEE has come up with a new scheme to perpetuate themselves. We ask you to nominate
and vote ONLY for Irwin Feerst, an American-born (veteran of World War I1) and trained
working engineer.

Please gather the signatures of your colleagues who belong to the IEEE. Return the peti-
tions to the address shown below.

We, the undersigned voting members of the Institute of Electrical and Electronics Engineers, Inc.
(IEEE) nominate Irwin Feerst, a Senior Member (mailing address: PO. Box 19, Massapequa Park, NY
11762) for the office of President-Elect of IEEE for the period from 1/1/89 until 12/31/89.

Member Number
Name (print) Name (sign) (if known) Date

If elected, | shall serve.

RETURN PETITIONS TO:
Committee of Concerned EEs
PO. Box 19

Massapequa Park, NY 11762
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MULTIBUS I
TAKES YOU
BACKTO
THE BASICS




...AND INTO

THE FUTI

Mutrisus II OPENS Up
ADVANCED
APPLICATIONS IN WAYS
NoO OTHER Bus CAN.

When the architects of Multi-
bus II set out to create an
advanced bus, they set their
sights far beyond just another
souped-up tradi-
tional bus.

They went back to
the basics and cre-
ated a truly advanced
bus.

A bus capable of

b

A more maintainable bus,
to reduce the cost and com-
plexity of configuration,
trouble-shooting and repair.

A bus solid enough to gain
the support of a broad base
of hardware and software
vendors, and ensure that all
products would work
: together efficiently
t | and dependably.

It would be the
ideal advanced bus
—the perfect higher

performance alterna-

tive to Multibus I,

supporting vast new levelns of
microcomputer performance.
To make possible low cost
microcomputer systems that
outperform minis, and rival
mainframes.

An inherently more reliable
bus, suitable for applications
that process huge volumes of

data at unprecedented speeds.

BASIC #2: HARDWARE-ASSISTED
MESSAGE PASSING.

This advanced technique gives Multibus II
a true sustained bandwidth of 32 mega-
bytes per second. Standardized in a single
silicon chip, message passing simplifies
sytem design, and makes it possible to mix
totally dg‘fegrent microprocessor architec-
tures and operating systems in the same
application.

VME and other traditional

architectures.

MutriBusII Is
CHANGING THE
WORLD!

The advanced bus of the

future is here today, to the
delight of designers needing
to transcend the limitations
of today’s other bus

alternatives.

BASIC #3:
L AUTO
CONFIGURATION.
Like a chameleon, Multibus II boards
automatically configure themselves when
system power is turned on, eliminatin
IP switch hassles during configuration
and maintenance.

0(1(2/3/4|5 6 IE

BASIC #1: PARITY.

Multibus 11's parity error detection pro-
vides the basic protection needed by
advanced applications that process large
volumes of data at high speeds.

For example, NCR and
Prime based their newest
Tower™ and EXL™ systems on
Multibus II. Both provide
several times the power of a

VAX™ 11/780 minicomputer,
TRADITIONAL VS, Al

TIMING
(Synchronous or Asynch)

PIN USAGE
(MPX) Multiplexed (NON)
Non-Multiplexed
‘ ARBITRATION
(CENT)ralized (DIST)ributed
INTERRUPTS
(DED)icated (VIR)tual
GLOBAL MEMORY
Communications

*Implemented outside IEEE 1014 using several
proprietary schemes.

at a fraction of the price.
A major U.S. department
store chain has put into oper-

ation a revolutionary home

shopping network,
based on Multibus II.

In Europe, Multibus II
was chosen by a leading

automation company as its




l architecture
for the
future for
advanced
1 ? 3
factory YEARS FROM INTRO
5 MULTIBUS II:
automation The world’s fastest
B growing open system
{ applications. architecture!

And two leading aerospace
companies are using
Multibus II to build the

world’s most advanced

YWANCED ARCHITECTURES

aircraft flight simulators.
Throughout the world,
these and scores of other

companies have introduced

BASIC #4: MULTI-VENDOR
COMPATIBILITY.

A host of unique features ensure
that Multibus II boards will work
together efficiently and depend-
ably. The IEEE 1296 specifica-
tion is complete and concise.

And, the Multibus II Message

Passing Coprocessor (MPC),

now universally available,
ensures compatibility even between
boards using different processor architec-
tures and operating system software.

Or are now AN P 0 et

developing
Multibus II
applications that
set new standards
of performance,

price and reliability.

BuIiLD YOUR
OwN Mutrisus 11
LIBRARY.

The broad base of Multi-

bus II hardware, software,

ries an i ; :
accessories and systems is NICAL INIEGRITY

Naturally, Multibus II uses DIN connec-
tors, for the most reliable mechanical
connections. But, it also incorporates built-
in front panels for EMI shielding. And, its
standard Eurocard form factor provides
enough board space (a full 80 sq. in.) to
accommodate complex designs.

growing almost daily. Yet
it's easy for you to keep
up to date.

Just circle the reader service
number, and each of the com- So don't delay. Get the
panies on the back of this ad whole story on Multibus II
will send you in-depth tech- and discover the new levels
nical data on their complete of performance and reliability

Multibus II prod-

that are possible

uct lines. Plus g with a truly
timely updates gy advanced bus.
and new product Multibus II.
announcements. The bus of your

And, to keep future is here

your Multibus II today.

library organized, the Multi-

CIRCLE NO. 99

bus Manufacturers Group

will send you this convenient
indexed bookshelf binder.
Absolutely free!

MULTIBUS MANUFACTURERS GROUP

P.O. Box 6208 Aloha, OR 97007 (503) 629-8497

Multibus® is a trademark of Intel Corp.

EXL™ is a trademark of Prime Computer Inc.
Tower™ is a trademark of NCR Corp.

VAX™ is a trademark of Digital Equipment Corp.




The companies listed below would like you to
know that Multibus II is now in full swing. These
industry leaders offer a complete selection of
Multibus Il boards, software, systems and acces-
sories—everything you need to develop advanced,

high performance applications today.

For your free Multibus II Data Book

P.O. Box 1037
Attleboro, MA 02703
Contact: Dept. X2403
(617) 222-2202

FAX (617) 226-5257

1602 Newton Drive
Champaign, IL 61821
Contact: André Felix
(800) 482-0315

FAX (217) 359-6904

2955 Xenium Lane
Plymouth, MN 55441

@I CIPRICO Corac: Bon eeron

(612) 559-2034
FAX (612) 559-8799

25401 Cabot Road, Suite 206

Laguna Hills, CA 92653
Cmurren"echnologies Contact: Robert McAuley

(714) 768-3332

FAX (714) 951-8902

60 Garden Court, Box DRI

DICITAL ‘ewspoamon
RESEARCH (800) 443-4200

Telex 910-360-5001

6790 Flanders Drive
San Diego, CA 92121
Contact: Frank Hom
(800) 854-7086

In CA: (800)772-7086

The Multibus Manufacturers Group, or MMG, is dedi-
cated to the proposition that everyone benefits from
strong, open standards. Membership is open to hard-
ware and software manufacturers, application integra-
tors, end users and even students.

To learn more about what the MMG can do for you,

contact Dan Fink, MMG executive director.

Graphics

E'RE HERE FOR YOU!

plus future new product announcements, just
return the reader service card. Or, for faster
response, call the MMG or one of the participating
companies listed below.
Discover what the world’s most advanced OEM
microcomputer bus can do for your next

generation applications.

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051
(800) 548-4725

2925 Merrell Road
Dallas, TX 75229
Contact: Sales Admin.
(214) 350-9000

FAX (214) 350-1433

785 Lucerne Drive
Sunnyvale, CA 94086
Contact: Bill Burton
Telephone (408) 720-9300
FAX (408) 773-9475

= 4
MICROBAR
ﬁ SYSTEMS, INC.

10 Mupac Drive
Brockton, MA 02401
Contact: Steve Cobb
(617) 588-6110

FAX (617) 588-0498

3445 Fletcher Avenue
El Monte, CA 91731
Contact: Mike Burton
(800) 227-0557

FAX (818) 444-3953

6465 Nancy Ridge Drive
San Diego, CA 92121
Contact: Trevor Constable
(619) 453-8970

Use this convenient product reference guide to quickly
locate the companies that offer the types of Multibus Il
products you need.

CIRCLE NO. 99

MULTIBUS MANUFACTURERS GROUP

DA Do 2900 A1 P




TECHNOLOGY UPDATE

Pioneering engineers begin to adopt
board-level automatic test generation

Dan Strassberg,
Associate Editor

You can recognize a pioneer by the
arrow in his back: Despite that ad-
age’s implied warning, some design-
ers of board-level products are be-
ginning  to adopt design
methodologies compatible with test-
ability techniques like automatic
test-pattern generation (ATPG).

These pioneers might well acquire
a few surface wounds. But propo-
nents of design for testability, or
DF'T (see box, “Overcoming the ini-
tial problem”), maintain that compa-
nies that delay or avoid confronting
testability at the design stage risk
much more serious—and possibly
even fatal—injury.

In its most elemental form, DFT
yields designs that are partitioned
by function, that can be easily init-
ialized and controlled, and whose
behavior can be observed. Some
people, however, use the term DF'T
to imply considerably more.

For example, DF'T approaches in-
clude such highly formalized design
techniques as LSSD (level-sensitive
scan design), one of several scan-
design methodologies. With the ex-
ception of boundary scan, which is a
technique for isolating functional
blocks and observing them at their
I/0 terminals, scan design enables
you during test to reconnect se-
quential logic (which most ATPG
programs can’t handle) to form com-
binatorial networks (which ATPG
programs can handle).

DFT will change attitudes

Test vectors, also called test pat-
terns, are the combinations of 1s
and Os that a tester applies and
looks for when it tests a logic net.
Although adherence to DFT ap-

EDN March 17, 1988

KEEPING AMERICA
COMPETITIVE

This board test system, Hewlett-Packard’s 3065ST, performs digital in-circuit and analog-

Sfunctional tests. An automatic program generator for it runs on the vendor’'s workstations.

proaches in their simplest form
doesn’t guarantee success in gene-
rating vectors automatically, it im-
proves the chances of success and
can significantly reduce test-devel-
opment time, even with manual vec-
tor generation. To achieve its goals,
DFT imposes new disciplines on de-
signers and requires them to reori-
ent their priorities. DFT advocates
insist that new attitudes are manda-
tory—they insist that tried-and-
true approaches (for example, a de-
sign engineer’s treating test as
someone else’s problem) simply
won’t work in today’s market.
Many factors influence the pace at
which companies are adopting DFT
and ATPG, particularly for board-
level designs. Although ATPG and
DFT have not yet taken device de-
sign by storm, these techniques

have so far affected the design of
ASICs and PLDs much more than
they have that of board-level prod-
ucts (Ref 1).

Despite offering solutions to very
real and pressing problems, vendors
of ATPG software and other test-
development aids recognize that if
they want to grow they must deal
with several legitimate concerns.
They must also educate their poten-
tial customers and thus dispel a long
list of misconceptions. Here are
some of the issues they are address-
ing:

® Greater complexity of boards

than of ICs

® The perception that ASIC de-

sign is risky enough to justify
unusual approaches, but
board-level design is not

e Difficulty in measuring costs
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orous standards for quality, relia.
bility, and service. All at prices
starting from $4,695.*

Watch the DMP-60 series double
as a scanner with HI's unique
SCAN-CAD™ option. Quickly pro-
duce multicolored drawings when
you use the Multi-Pen adaptor. Plot
several originals—without tying up
your PC when you add HI’s buffer
expansion board.

Select media as small as 8%"x11"
or as large as 36" x48". Load either
DM/PL™ or HP-GL 758X-compatible
software. Then watch as your plot-
ter quickly produces a drawing
polished to a precise resolution of 5
ten-thousandths of an inch. Smile
when you see smoothly formed circles,
curves, and lettering.

Explore HI’s host of support

-
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HOUSTON
INSTRUMENT

A pivisioN oF AMETEK

Houston Instrument, SCAN-CAD, and DM/PL are
trademarks of AMETEK, Inc.
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of current test and test-devel-
opment practices

® Use of traditional methods,
because some companies don’t
understand the shortcomings
of current methods and so
they feel comfortable with
them

® Cost of learning how to apply
new techniques

® (Cost of computing resources
required to run ATPG soft-
ware

® Fear of requiring more pe-
board real estate

® Fear of higher component cost

® Fear of lower reliability

® Slow adoption of logic simula-
tion

® Incompatibilities of simulator/
ATPG-database formats

® Incompatibility between auto-
matically generated vectors
and tester capabilities

® Difficulty in obtaining scanna-
ble components.

Big boards challenge ATPG

Although ASICs and PLDs are
complex, with gate counts in the
neighborhood of 10,000, they tend to
be significantly less so than the typ-
ical logic board designed with CAE
tools. Such boards—especially if
they house complex chips—can easi-
ly contain more than 100,000 gate
equivalents. The diversity and com-

B061...8..108.
:s:;cm for fault class 220 fault x7.11,9 Sed
test pattern for fault class 221 Fault x7.11,a SA1
11.8...08...111
test_pattern for Fault class 222 Fault »7.12.3 Ske
09,1 11

Lest pattern for fault class 223 fault x7.12,3 SRl
B8.1.......081
test pat for fault class 229 fault
11.9...8...181
test _pattern for fault class 225 fault
8l..... 1...111
test pattern for fault class 226 Fault
11.9...8.. 4601

¥7.a1.b St
x7.al,2 SAL
x7.a2,a SA1
x7.01,2 Ske

ern for fault class 227 fault
<181
rn for Fault class 228 fault el,a SR8
1566

class 229 Fault el,a SaL

Tass 230 faull el,b SAL
Elass 231 fault el.c S8l
class 232 fauit el.d Sal
class 23] fault ei,z SAL

AULTS, 4 UNDETECTHBLE FRULTS, 98.28 X Cov

SDE_Version.1.11

| Page t

Atestels

Multiple windows on a workstation screen allow you to view your schematic as well as the
descriptions of vectors generated by Aida Corp’s ATPG.

plexity of board-level designs taxes
many of today’s ATPG programs
beyond their limits. But if you de-
sign in partitionable functional
blocks, you can frequently use
ATPG on networks that at first
glance seem to exceed the capabili-
ties of the software.

Board-level test-development pro-
cedures evolved at most equipment-
manufacturing companies before
board complexity approached to-
day’s levels. Many of these compa-

Overcoming the initial problem

The electronics industry has its share of confusing acronyms and
abbreviations, but few seem quite so unfortunate as DFT—used
throughout this article, and throughout the industry, to mean de-
sign for testability. Practically everyone who refers to design for
testability as DFT uses those same initials to denote digital func-
tional test and sometimes dynamic (as opposed to static) functional
~ test, a subset of digital functional test. To an even larger group of
EEs, DFT means discrete Fourier transform. It’s quite likely that
someone reading this article is planning to employ DFT to test a
high-speed signal-processing board that performs DFTs, and be-
cause of the board’s complexity, he plans to make DFT a guiding
principle in his project. Of course, his pe (printed-cireuit) vendor
probably uses PCs (personal computers) for both PC (process con-

trol) and PC (production control). Now, is that perfectly clear?
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nies have little idea of the cost of
developing or performing board-lev-
el tests, and their managements
have not yet recognized the inade-
quacy of the classical approaches
they are using. Naturally, if they
are unaware of the shortcomings of
existing practices, managers can see
no reason to make changes.

But unlike printed -circuits,
ASICs are a new technology—one
which engineers and managers real-
ized warranted a complete set of
new tools. These tools now exist,
and ironically, are ready to be ap-
plied to the older, pc-design tech-
nology, if only engineers and man-
agers realize the techniques’
potential.

ATPG minimizes ASIC risk

When you develop ASICs, you
spend a lot of money up front, and
you wait a long time to see real
devices. If prototypes don’t work,
you can’t probe their internal nodes
and you can’t make repairs. Because
of these risks, many companies per-
ceive that IC development warrants
extraordinary measures and are
willing to try using ATPG on their
custom chips. With printed boards,
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the situation is—or appears to be—
different, so many of the same com-
panies are unwilling to apply ATPG
to their board-level designs.

Much of the automated test gen-
eration for ASICs occurs as an off-
shoot of logic and timing simulation,
which are part of the ASIC design
phase. The patterns generated are
for design verification; they tell a
designer primarily whether his de-
sign will do what he intended it
to—assuming that the manufactur-
ing process hasn’t introduced any
defects.

At best, such pattern sets provide
an incomplete solution for produc-
tion test or incoming inspection. In
fact, some CAE-software vendors
insist that you only cause confusion
if you use the term ATPG to refer to
development of test patterns for de-
sign verification. They say that you
should use ATPG only to describe
the generation of vectors for deter-
mining whether manufacturing has
introduced defects. (Sometimes
such vectors also locate the defects.)

If you use design-verification test
patterns in production board test,
you can miss faults introduced dur-
ing board-loading and soldering,
and you can waste time checking
device properties that you should
have checked before you loaded the
devices onto the board. But al-
though design-verification patterns
are usually inadequate for produc-
tion test, the converse isn’t true.
You don’t develop production test
vectors to find functionality prob-
lems in boards without manufactur-
ing-induced faults, but vectors de-
veloped for production test
frequently reveal problems that de-
sign verification should have uncov-
ered.

Another factor inhibiting adop-
tion of ATPG is the slow pace of
acceptance of logic simulation itself.
If you wanted to use ATPG to gen-
erate a board’s test vectors, you
would almost certainly design the
board using simulation; otherwise
you would have to create the equiva-
lent of the simulation database from
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Exemplifying large ATE systems capable of performing both in-circuit and functional
testing, Teradyne’s L210 combinational board test system employs high-speed pin electronics
to help it diagnose timing faults.

sceratch. So far, even for complex
boards, use of logic simulation re-
mains in its infancy.

The cost of mpst ATPG software
is not insignificant (Table 1). But
some potential customers worry
about having to commit great sums
for computer resources (CPUs,
data-storage hardware, and work-
stations) to run ATPG programs.
For companies using simulation,
however, the resources may cost
nothing—at least at first. Usually,
there’s no need to augment a com-
puter system until you are utilizing
it fully. On the other hand, if you
didn’t originally factor ATPG into
your plans but are now using it, you
may have to acquire additional com-
puter equipment sooner than you
had expected to. To the relief of
engineers concerned with control-
ling the cost of individual projects,
most companies recognize that such
equipment is used on many projects
and is part of the cost of being in
business; rarely do they assign the
charges to a single development pro-
gram.

Fear of the unknown as well as

engineers’ innate conservatism af-
fects their willingness to make
changes. In the case of DFT, man-
agements fear that the time design-
ers spend in learning how to apply
the new techniques will add to proj-
ect costs and slow down product-
development schedules. Something
to keep in mind is that an organiza-
tion normally needs to climb the
DF'T learning curve only once—not
once per project. After engineers
have learned the techniques, the
organization reaps additional bene-
fits with each new project.
Designers fear that testable de-
signs will require more printed-cir-
cuit real estate and have higher
parts cost and possibly lower relia-
bility than equivalent “untestable”
designs. Of these concerns, the one
about reliability is easiest to dis-
prove: With appropriate compo-
nents, the added complexity of a
scannable design (measured by gate
count) is usually less than 10%. A
cost attributable to the added com-
plexity is an estimated 10% de-
crease in MTBF (mean time be-
tween failure); but a benefit is an
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It’s not obvious because the STD BUS is usually
hidden away, controlling your tollways, the
temperature of your office, the quality of your
manufacturing, and even the animation in the local
fun park.

STD BUS anonymously helps build personal
computers, bottle soft drinks, and even brings you
the evening news. Why? Because the STD BUS
provides the best all-around solution to process
control, manufacturing automation, data aquisition
and instrumentation.

STD BUS provides the widest range of 8- and 16-
bit processors and operating systems, plus the largest
selection of industrial I/O cards available from any
bus. The small-form-factor boards are rugged,
reliable, and provide you with a building block
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approach that ensures cost-effective systems design
and maximum flexibility.

We’re here, you just can’t see us.
you )

Find out if you have a hidden application for the
STD BUS, call us today.
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estimated order-of-magnitude re-

MTTR is usually a small fraction MTBF of 1000 hours and an MTTR

duction in MTTR (mean time to (less than about 1%) of MTBF. Sup- of 10 hours: Its availability is
repair). pose an untestable product has an 100(1000—10)/1000, or 99%. If the
TABLE 1—REPRESENTATIVE BOARD- AND DEVICE-LEVEL TESTABILITY PRODUCTS
VENDOR PRODUCT DESCRIPTION PREREQUISITES US BASE PRICE
AIDA CORP AIDAATPG | GENERATES PATTERNS WITH 100% COVERAGE OF |  APOLLO OR SUN $45000
o DETECTABLE FAULTS IN SCANNABLE DESIGNS. WORKSTATION AND (AIDA FAULT
USES PATH-SENSITIZING AND RANDOM-VECTOR AIDA FAULT SIMULATOR:
GENERATION. DETECTS “STUCK-AT” FAULTS. SUP- SIMULATOR $15,000)
PORTS BIDIRECTIONAL /0O AND 3-STATE BUSES AS . ,
WELL AS WIRED-OR AND WIRED-AND GATES.
ANVIL SOFTWARE ANVIL ATG GENERATES FUNCTIONAL TESTS FOR PROGRAM- | IBM PC OR COMPATI- $4950
SOFTWARE MABLE LOGIC DEVICES WITHOUT USING PRE- BLE WITH 640k-BYTE
LOAD. SUPPORTS >50 DEVICE TYPES. LINKS TO | RAM AND HARD DISK
COMPONENT AND IN-CIRCUIT TESTERS.
GATEWAY DESIGN TESTSCAN ATPG FOR DIGITAL CIRCUITS EMPLOYING SCAN- | IBM, APOLLO, SUN,OR |  $75000
AUTOMATION CORP DESIGN. PROVIDES 100% TEST-VECTOR VAX/VMS
COVERAGE, DESIGN-RULE AUDIT, AND FAULT
SIMULATION. SUPPORTS SCAN-PATH, LSSD,
RANDOM-ACCESS SCAN, AND SCAN-SET
' TECHNIQUES. i 4
BITGRADE FAULT SIMULATOR AND RANDOMVECTOR IBM, APOLLO, SUN, OR $25,000
GENERATOR FOR CIRCUITS WITH BUILT-IN SELF- VAX/VMS -
TEST (BIST) ABILITY. INCLUDES HARDWARE- o
DESCRIPTION LANGUAGE.
GENRAD INC GENESIS TEST PROGRAMMING ENVIRONMENT FOR GR 275X | SUN WORKSTATIONS | INCLUDED IN
SERIES OF HIGH-PERFORMANCE BOARDTEST WITH SUN UNIX PRICE OF TEST
SYSTEMS. GENERATES MULTISTRATEGY (IN- SYSTEM; NOT
CIRCUIT/IFUNCTIONAL) TEST PLANS. RUNS IN AVAILABLE
TESTER OR OFF-LINE IN WORKSTATION. SEPARATELY
ATG-32 TEST-GENERATION SOFTWARE FOR GR 227X FAMI- | ANY DEC VAX SYSTEM $30,000
LY OF MID-RANGE COMBINATIONAL TESTERS. OR GENRAD 3200V
RUNS OFF-LINE. DOWNLOADS PATTERNS VIA
ETHERNET/GRNET NETWORK.
HEWLETT-PACKARD HP 74241A AUTOMATICALLY GENERATES READY-TO-RUN IN- HP ELECTRONIC $3980
co CIRCUIT ASIC- AND FUNCTIONAL CIRCUIT-TEST DESIGN SYSTEM; HP
PROGRAMS THAT ARE FULLY COMPATIBLE WITH | 3065-SERIES TESTER.
HP-3065 SERIES TESTERS. ‘ ~ :
HHB SYSTEMS INC THESEUS ANALYSIS TOOL THAT PINPOINTS AREAS NEEDING | DEC VAX/VMS OR $100,000
IMPROVED TESTABILITY. ASSURES THAT VECTORS | SUN/UNIX, WITH 8M
PROVIDE GOOD FAULT COVERAGE. HANDLES DE- | BYTES RAM AND 300M-
SIGNS USING SEQUENTIAL DEVICES, FEEDBACK BYTE HARD DISK.
LOOPS, AND RECONVERGENT FANOUT.
LOGICAL TESTABILITY TESTABLE FUNCTIONAL CIRCUITS (SHIFT NONE $6 TO $50 (100)
SOLUTIONS CHIP SET REGISTERS, LATCHES, DECODERS, ETC) THAT PRO-
TECHNOLOGY INC VIDE PERFORMANCE PLUS A TESTABILITY-BUS
PORT. COMMERCIAL AND MIL, LEADED AND
SURFACE-MOUNTING VERSIONS.
NCR CORP VITEST FACILITATES DEVELOPMENT OF HIGH-SPEED TEST | CADNETIX, DAISY, INCLUDED AS
PROGRAMS TO RUN ON TRILLIUM AND MENTOR GRAPHICS, | PART OF VEN-
SCHLUMBERGER SENTRY DEVICE TESTERS, OR VALID WORKSTA- | DOR'S VISYS
CHECKS PATTERN TIMING AND BUS CONTENTION. | TIONS, OR DEC VAX ASIC-
USES BEST- AND WORST-CASE SIMULATIONS TO MAINFRAMES VERIFICATION
ANALYZE PATTERNS. IDENTIFIES POSSIBLE FUNC- PACKAGE.
TION ERRORS. VISYS: $7950
SILICON COMPILER | AUTOMATIC TEST | SET OF SOFTWARE TOOLS THAT EVALUATES TEST- | GENESIL DESIGN $39,500 PER
SYSTEMS INC GENERATION | ABILITY OF BLOCKS, MODULES, AND CHIPS; GEN- | SYSTEM + APOLLO USER
(ATG) ERATES COMPRESSED TEST VECTORS; AND - DN3000, DN4000,
DETERMINES GATE-LEVEL TEST COVERAGE OF DNS70T; SUN 3; OR
THE VECTORS. DEC VAX 8650 OR
‘ uVAX2.
TERADYNE INC CIRCUIT ACHIEVES >95% COVERAGE OF LOGIC AND FUSE | LASAR VERSION 6 | $6250 FOR VAX-
BREAKER FAULTS; CREATES GRADED DYNAMIC TESTS FOR | SIMULATION SYSTEM | STATION 2000,
SLOW-PATH FAULTS ON COMBINATIONAL AND RUNNING ON ANY | $70,000 FOR VAX
HIGHLY SEQUENTIAL PLDs. FOR HIGHVOLUME IN- |  VAX/VMS SYSTEM. 8800
COMING INSPECTION AND IN-CIRCUIT BOARD
TEST.
TEST SYSTEMS TEST DEVELOP- | TEAMS UP ASIC-DESIGN AND SIMULATION TOOLS APOLLOJ/AEGIS, $28,000
STRATEGIES INC MENT SERIES TO PRODUCE SETS OF FUNCTIONAL VECTORS SUN/UNIX, OR DEC | (DEPENDS ON
(TDS) FOR SPECIFIC ATE FORMATS. SUPPORTS >30 VAX/VMS SIMULATOR
TESTER TYPES FROM EIGHT VENDORS AND 14 AND TESTER)
SIMULATION ENVIRONMENTS.
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Only one controller fits here.

The 1722A is designed for fast system
integration, right down to the size.
When you're configuring an ATE
station, no computer makes integration as
fast and easy as Fluke’s 1722A Instrument
Controller. Designed for a standard 19-inch
rack, the 1722A doesn'’t have to be adapted

Once programmed, the touch-sensitive
display replaces the keyboard for system
control. The operator is prompted one step
at a time and responds by simply touching
the screen.

When you size up your options, you'll
choose the only powerful controller that

to your system. It slides into your rack in ' e can slide right into your rack.
seconds. SN Contact your local Fluke Sales Engineer
We've built a powerful microcomputer,  languages, including Extended BASIC, or call 1-800-426-0361 for more information.
disk drive, CRT with graphics, and |EEE FORTRAN, C, and ATLAS for fast RS G A AT A R L T
interfacing into one compact package. It's development. I[EEE-488 commands are
everything you need to automate your test  built in, not added on, so each command
station. does more. Application packages like our 1
Speed integration with Fluke's software. ~ new Touchscreen Toolbox simplify the FLUK EI
Choose from 5 different programming process even more. ®

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P-0. Box C9090, MIS 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
Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 48281722
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equivalent testable product has an
MTBF of 900 hours and an MTTR of
one hour, its availability is 99.89%.
The testable product is unavailable
0.11% of the time, only % as much
as the untestable product. Chances

are the customer is really concerned
more about being able to use the
product than he is about its failure
rate. Quicker repair is a key reason
why field-service groups are becom-
ing firm believers in DFT.

DFT can reduce MTTR if, for
example, in a large system contain-
ing dozens of boards, you can isolate
faults to the board level by connect-
ing a portable tester to “testability
connectors” accessible from the

When you use ATE to test a loaded pc board, the
testing can fall into two major categories or into
combinations of the two. The categories are in-
circuit and functional. Until about five years ago,
board-test systems were characterized by which
of these two types of testing they performed.
Now, so-called combinational systems are com-
monplace. The word “combinational” really has
nothing to do with combinational logic, although a
combinational tester clearly can test combination-
al logic. As used by the ATE manufacturers, the
word refers to the systems’ combination of func-
tional and in-circuit test capabilities.

With in-circuit testing, you basically test the
components after they have been loaded onto the
board to prove that the assembly process hasn’t
damaged them. In-circuit testing is popular be-
cause, compared with functional testing, test pro-
grams are easy to write, and they inherently iso-
late defective components.

A tester can perform in-circuit tests on a com-
ponent even though the outputs of other compo-
nents are connected to some of its pins. The test-
er accomplishes this feat by “back driving” the
pins of the other devices. Suppose you are testing
a gate whose input is driven low by the output of
a flip-flop. If for a very brief interval, you force
enough current into the node, you can make the
output of the flip-flop go high, without, you hope,
causing permanent damage.

In-circuit test has problems

But in-circuit testing has problems, too. One
problem is that military agencies are unwilling to
accept the idea that back driving doesn’t intro-
duce latent defects that cause components to fail
prematurely, long after a board leaves the facto-
ry. A second problem relates to the effect of ca-
pacitive loading imposed by the tester on the cir-
cuit nodes of the board under test. A third
problem results from the physical means used to
access the component under test; the customary
probing method uses bed-of-nails fixtures.

The trend toward surface-mount technology,
with its high circuit densities, multiplies problems

Board test strategies: The bus is waiting

with bed-of-nails fixturing. When component
leads are on 0.1-in. centers, the spring-loaded
pogo pins used in bed-of-nails fixtures can be rela-
tively durable. But pogo pins for the 0.50-in. cen-
ters, which are common with surface mounting,
are much less durable, and when you surface-
mount components on both sides of a board, you
need still more complex and finicky clam-shell fix-
tures. Furthermore, pressing on the leads of sur-
face-mount components (which don’t pass through
holes in a pe board) can cause bad solder joints to
test good. Consequently, when laying out surface-
mount boards that will be tested on in-circuit
testers, printed-circuit designers now usually use
probe points separate from the component leads
and place them on 0.1-in. centers. Adding such
probe points decreases component density to
achieve testability.

In-circuit and SMT mix poorly

It isn’t hard to see that if every surface-
mounted component requires probe points on
0.1-in. centers, the density advantage of surface
mounting quickly evaporates. The fight to retain
high densities is one factor that has helped to
bring about a resurgence of interest in functional
testing. Functional testing actually attempts to
make a board perform as it would in its target
system. In true functional testing, you access the
board only through its I/O connections, although
you can add I/0 connections to improve observa-
bility or controllability.

As mentioned earlier, it is much harder to
write functional test programs than in-circuit pro-
grams, and functional programs don’t inherently
isolate faults. ATPG programs address both of
these functional-testing problems. They can check
a design for compliance with testability rules (for
example, absence of asynchronous circuits, ability
to break feedback loops by use of gates included
for testability, and ability to substitute external
clocks for internal ones that you can disable while
testing). ATPG programs also perform “fault
grading.”

Like so many other terms in the digital-test
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front of the boards—the same con-
nectors used to access the boards
during production test (see box,
“Board test strategies: The bus is
waiting”). You should be able to
control the boards and observe their

function at these connectors, and so
run functional tests of all the boards
without unplugging them.

A more advanced (but much more
costly) approach builds each board’s
control and observation points onto

a connector that mates with the
system backplane. The system itself
contains the equivalent of the porta-
ble tester. With such capabilities,
the system can diagnose its own
faults; an operator’s only function is

lexicon, fault-grading seems to be a misnomer; a
better term would be pattern grading. Fault
grading introduces simulated faults into a circuit
model. The objective is to determine which faults
a test pattern can find. Not only does fault grad-
ing let you evaluate the usefulness of particular
patterns, it helps you to isolate faults by indicat-
ing which patterns detect them. Even though
nodes stuck at 1 and stuck at 0 aren’t the only
possible faults (for example, nodes can be shorted
together by a solder bridge), many years of expe-
rience have shown that you can get the informa-
tion you need if you limit the simulated conditions
to “stuck-at” faults.

Cluster testing holds answers

A promising approach to board test is called
cluster-functional testing. It literally represents a
divide-and-conquer strategy. The time required
to write a functional test program appears to
increase geometrically with the complexity of the
circuit. By dividing a board into clusters—small
blocks of logic that perform identifiable functions
that you can isolate and test functionally—you
reduce the test-development time significantly
and improve the odds that ATPG will work.
Moreover, compared with in-circuit testing, you
dramatically reduce the number of probe points
you need.

But cluster functional testing still usually pre-
supposes that you probe the board with a bed-of-
nails fixture. Testers without such fixtures can be
more compact and less expensive than those
based on the bed-of-nails approach. Here’s where
the IEEE testability bus enters the picture. The
proposed standard (currently called P1149) is one
of several that aim to simplify control and obser-
vation of logic—from the device level to the sys-
tem level. In a board-level design that complied
with the testability-bus standard, you would, if
possible, place all control and observation nodes
on connectors; but if a board lacks room for con-
nectors, the standard allows node access via
probe points.

An IEEE committee has been working on

P1149 for several years and is ready to submit a
formal proposal for acceptance. Despite sweeping
goals, the committee feels the proposed standard
is workable. It defines a set of testability inputs
and outputs that should appear on every comply-
ing device, board, and system. As the complexity
of the item increases, the number of testability
inputs and outputs can increase. Implementation
of the standard on an IC usually requires some
dedicated pins.

At the board level, the standard recommends
using dedicated pins on existing connectors, but if
backplane pins are limited, you can substitute
special test connectors. If space along the front of
a board is at a premium, the test connectors can
be accessible only if you place the board on an
extender, and if there is no room for test connec-
tors at all, you can use probe points. Using back-
plane pins provides the greatest potential advan-
tage; test connectors accessible without extending
boards are next best, and so on.

Bye bye, bed of nails?

By eliminating bed-of-nails fixturing in most
cases, the testability bus appears to make it pos-
sible to use lower-cost ATE systems than those
used for cluster functional testing. However, you
can implement cluster-functional test’s divide-and-
conquer strategy and conform to the testability
bus standard at the same time.

An intangible advantage of a testability-bus
standard is that it can convert an arm-waving
exercise into something quantifiable. In the ab-
sence of a standard, determining the difficulty of
testing a proposed design can be an exercise in
circumlocution. With a standard in place, you can
replace hours of fruitless, time-consuming discus-
sions with a simple statement of whether a prod-
uct does or does not comply with the standard,
and if it complies, what level of the standard it
meets.

EDN March 17, 1988



TECHNOLOGY UPDATE

to perform the actual board replace-
ment.

At the nuts-and-bolts level, a
seemingly trivial problem—incom-
patibility among some logic-simula-
tor database formats and the input
requirements of some ATPG pro-
grams—has placed roadblocks in
the way of automatic test-vector
generation. The quick solution is
database-translation programs.
With a little more effort, vendors
can modify the simulators and
ATPG programs to cure the incom-
patibilities. For example, they can
make their software support rela-
tively new industry standards such
as EDIF (Electronic Design Inter-
change Format).

Another form of incompatibility
can also cause problems: ATE sys-
tems can’t always run the test vec-
tors generated by ATPG software.
Some vendors are addressing this
problem with software that com-
pares generated vectors against a
target tester’s resources and flags
incompatibilities. You can also use
such software to modify the vectors
until they are compatible with the
tester.

Other vendors are adamant that
you shouldn’t start designing a
product until you fully understand
the resources of the ATE system
that you will use to test it. At least
in US companies, it is very unusual
for designers to let tester capabili-
ties constrain their designs, al-
though the idea of doing so is totally
consistent with DF'T. However, it is
quite clear that you will wind up
with a usable vector set a lot sooner
if you consider the tester’s capabili-
ties before freezing your hardware
design rather than waiting until af-
terward.

Scannable components needed

A real problem with acceptance of
ATPG for board-level designs re-
lates to component availability: To
effectively implement the scannable
designs required for compatibility
with ATPG programs, you need
scannable devices. Otherwise, you
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You can view waveforms beside program statements while using the Hitest program
generator on Genrad's Genesis test-development environment for the company’s 275x tester

family.

must create their equivalent from
unwieldy numbers of SSI devices.
Many ASICs now incorporate cir-
cuits that implement at least a
boundary-scan approach. Scannable
equivalents of the most-used MSI
devices and wPs still aren’t widely
available. (One vendor is repre-
sented in Table 1.)

Advocates of DFT categorize sev-
eral of the above concerns as results
of a one-sided view of the product-
development process. A good exam-
ple is the fear of lengthened prod-
uct-development cycles. Today, the
test-development phase of a com-
plex-board project often consumes
as much time and money as the
traditional design phase. DFT advo-
cates insist that once designers are
familiar with the new discipline, the
cost and duration of the design por-
tion of a project that uses DFT will
probably not exceed what you expe-
rience using traditional approaches,
but the cost and duration of test
development can decrease by 90% or
more. Even if adopting DFT does
increase the cost and duration of the
design phase by 20%, a 90% de-

crease in test-development time and
cost will cut the overall project cost
and duration by 35%. In fact, ATPG
vendors cite reduced time to market
as the selling point that strikes a
responsive chord with more poten-
tial customers than any other.

Surprisingly, aside from defense-
electronics manufacturers required
to comply with MIL testability stan-
dards, the few US companies that
have adopted DFT for board- and
system-level designs have done so in
response to pressure not from man-
ufacturing but from strong field-
service profit centers. These compa-
nies have found that to service their
products profitably, they must diag-
nose and repair board faults at de-
pots located close to their custom-
ers. Such depots don’t process the
volumes of boards that would justify
purchases of million-dollar testers.
Repair depots need low-cost testers
that they can quickly reconfigure to
troubleshoot and test boards of
many types. Unless the boards are
designed for test, low-cost testers
won’t do the job.

In the Pacific rim, the situation is
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SM'T STANDARDS.

Rl b ~ | = . ; :
S PR A( : U [{ Sprague Type 195D and 293D solid tantalum chips meet the brand new EIA size
- A\ | 4 and packaging standards for surface mount capacitors. These miniature components

i B ' | 1 fill your surface mount needs with economy, reliability and high
= N\ performance. Conformal-coated Type 195D TANTAMOUNT™

capacitors meet EIA specifications for

S :rr S [J R MC E MOU N r]j’v Extended Capacitance Range devices.
s |4 ! , These units feature gold or solder plated
] N ] ™ terminals and the highest capacitance in the smallest packages available

h TA N DA R DS‘ in the industry. Rugged, fully molded Type 293D TANTAMOUNT*

capacitors conform to EIA specifications Standard Capacitance Range
devices. These “machine-friendly” tantalum chips are compatible with all automatic placement equipment. Both types
are supplied taped and reeled per EIA 481A. Standard ratings: 0.10 to 100uF, 4 to 50 WVDC. For “Quick Guide
To Tantalum Chip Capacitors”, ASP-642, write to Marketing Communications, Sprague Electric
Company, P.O. Box 9102, Mansfield, MA 02048-9102. For applications assistance, call our i o Sp
Customer Service Center at Concord, NH at 603/224-1961.
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(216) 439-4091 =0k
25971CannonRoad * Cleveland,Ohio44146

London (0734) 86-12-87 « Paris (1) 34810178 « Zurich (01) 821 9444
Milan 02-4120360 » Linkoping 013 11 01 40 + Amsterdam 01830-35333

Vienna (0222)253626 « Munich .and other European, North African, and
Middle East countries not listed (089) 710020.
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For more information . . .

For more information on the testability products listed in Table 1, circle the
appropriate numbers on the Information Retrieval Service card, contact the
following manufacturers directly, or use EDN’s Express Request service.

Aida Corp

5155 0ld Ironsides Dr
Santa Clara, CA 95054
(408) 980-5200

Circle No 701

Anvil Software

Box 901

Arlington, MA 02174
(617) 641-3861

Circle No 702

Gateway Design
Automation Corp
6 Lyberty Way
Westford, MA 01886
(617) 692-9400
Circle No 703

Genrad Inc

300 Baker Ave
Concord, MA 01742
(617) 369-4400
Circle No 704

Hewlett-Packard Co
1820 Embarcadero Rd
Palo Alto, CA 94303
Phone local office
Circle No 705

HHB Systems Inc
100 Wyckoff Ave
Mahwah, NJ 07403
(201) 848-8000
Circle No 706

Logical Solutions Technology Inc
310 W Hamilton Ave, Suite 101
Campbell, CA 95008

(408) 374-3650

TLX 172867

Circle No 707

NCR Corp

2001 Danfield Ct

Ft Collins, CO 80525
(303) 226-9500
Circle No 708

Silicon Compiler Systems Inc
2045 Hamilton Ave

San Jose, CA 95125

(408) 371-2900

Circle No 709

Teradyne Inc
321 Harrison Ave
Boston, MA 02118
(617) 482-2700
Circle No 710

Test Systems Strategies Inc
8205 SW Creekside Pl
Beaverton, OR 97005

(503) 643-9281

TLX 992633

Circle No 711

different. Possibly because of their
emphasis on serving geographically
far-flung export markets, major
Japanese equipment manufactur-
ers, unable to purchase what they
consider to be suitable ATPG soft-
ware, have developed it in house.
They are also moving aggressively
to design their board-level products
so that ATPG software can generate
the necessary vector sets.

In the US, the prevalent view is
that Asian companies lag behind
their American counterparts in
software-development expertise.
ATPG software is complex; the Jap-
anese companies’ ability to develop
it in house may indicate that Japa-
nese software development is more
advanced than Americans suspect.

| The Asian companies’ decision to

focus on ATPG appears to indicate a
greater commitment to testability
in Japan than in the US, and it
provides strong evidence that Japa-
nese hardware designers think of
test as their problem, not as some-
body else’s.

If you think about the earlier dis-
cussion of the effect of using DF'T on
a product’s availability for use, and
if you realize that Asian companies
are leading the world in adopting

DFT, you come up with yet another
reason why American manufactur-
ers should heed the advice of compa-
nies urging use of DFT. The push
for quality in the US within the past
year or two has probably equalized
the MTBF of electronic products of
similar complexity made in the US
and Asia. However, if the use of
DFT gives the Asian products a
clear edge in availability, US com-
panies will again be uncompetitive.
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Wholeads the
ranks in military ICs?

The General does.

The General has mobilized the greatest
army of Hi Reliability ICs ever. There are
troops of leadless chip carriers, flat packs,
power packages, cerd;i)ps, side brazeé), stan-
dard metal cans, and our newest recruit, the
hermetic TO-220. Its an army of pulse width
modulators, supervisory circuits, power supply
ICs, regulators, FET drivers, memory drivers,
diode arrays, and transistor arrays.

The introduction of the Hermetic TO-220
is another example of the General’s commit-
ment to the demanding requirements of the
military marketplace.

Other examples include: * Radiation
hardened devices * Military hybrids
* Flat packs/LCCs * New JAN quals

* Aggressive deliveries.

You'll like the Generals allies too:
* Mil-M-38510 « Mil-S-19500 = Mil Std 883
Class B, Class S * Mil/DESC Drawing *« SCD.
Call Silicon General for our new short
form catalog and an updated JAN QPL list-
ing (including 7800, 7900 series regulators
in process). Please address Silicon General,
11861 Western Ave., Garden Grove, CA 9264l.
Phone (714) 898-8121, TWX (910) 596-1804,
FAX (714) 893-2570.

SILICON
oENER

R

CIRCLE NO 27

EDN March 17, 1988

69



70

-

Engineering is the only

Its widely held that if you've seen one
LED, you've seen them all. The same goes for
things like terminal blocks and switches.

A myth at times perpetuated by the very
companies that make and market these prod-
ucts. With one notable exception.

Dialight Company.

Passive components, actively engineered.

We believe that passive components are
no less important than integrated circuits. An
attitude that’s reflected in the way we go
about our work.

Our design team is constantly assessing
the manufacturing techniques of OEMs in every
important technology Anticipating ways to
make our products easier and more econom-
ical to design-in and install (our invention, the
Circuit Board Indicator is a good example).

They'll spend months developing a new
compound for our sealed switches. Or devising
a reliable way of testing each and every one of
our Circuit Board Indicators and LEDs. They'll
lose sleep over milliohms of contact resistance,
or a fraction of an inch clearance on our switch
terminals.

It's an attitude that’s ultimately reflected in
the products we sell.

Dialight Circuit Board Indicators

A product concept we pioneered over
fifteen years ago to facilitate fast, reliable circuit
board installation of LEDs, the Dialight Circuit
Board Indicator is designed to insert and wave
solder in up to one fourth the time at up to
one fourth the cost of non-packaged LEDs.

All 100% tested and available in hundreds
of standard and custom designs including the
latest super-bright gallium aluminum
arsenide units.

Dialight Indicator Lights

No one makes more indicator lights for
more applications than Dialight. Over a million
designs accrued through fifty years of innova-
tion. Incandescent, neon and LED units avail-
able in commercial and even the latest military
configurations to meet MIL-L-85762A night
vision requirements.

Dialight Switches

More than 100,000 designs that include
illuminated pushbuttons, rockers, toggles and
levers in a wide range of terminations, contact

EDN March 17, 1988
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ratings and mounting styles. All 100% tested. All
customized to meet any application need.

Even sealed switches specifically engineer-
ed for board-mounted solvent washing with
sealed O-rings to prevent seepage.

Kulka Terminal Blocks

Molded from special aggregates that in some
models, withstand temperatures in excess of
155°C. Making Kulka the only manufacturer to
meet B, F and HT requirements of MIL-T-55164C.

Standard features include solid brass,
nickel-plated screws, molded-in contacts and
special plates that prevent overtorquing and
breakage. All readily engineered into any con-
ceivable custom or special order.

HHSmith Hardware

Spacers, stand-offs, handles, knobs and other

components all available in an extremely wide

DIAUGHT comeany somsenet. .

we sell.

variety of sizes, configurations, and materials, as
well as thread and finish specifications to meet
any and every requirement. From the most
basic and cost-sensitive to the most demanding
Mil-spec applications.

Dialight, Kulka and HHSmith products that
speak of rigorous quality control, exhaustive
testing and the Company philosophy of design
and engineering: the word passive may be used
to describe our components, but never the way
we build them.

Find out more about Dialight LEDs,

Circuit Board Indicators, Indicator Lights,
Switches, Kulka Terminal Blocks and HHSmith
Components. Call us at 201-223-9400, or

write Dialight Company, 1913 Atlantic Ave.,
Manasquan, NJ 08736, and ask for a

free catalog today.

(i
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Engineering is the only commodity we sell.
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100,000 12-BIT A/D
CONVERSIONS-FREE

Get 3us, 12-bit accuracy
for the price of a Sys AD7572 converter.
3
standard AD7572. That's over 100,000 more
conversions per second—absolutely free.
external clock options and maintains a low power #
drain of only 135mW. It operates from +5V and
no extra cost. If you're in the throes of a new design, you can rest assured that the MAX162 is
the ticket for today’s faster DSP applications.
part we put into a DIP is burned-in at 150°C for 24 hours—at no extra charge. This results in
an incredibly low failure rate of 6.8 failures per billion hours of operation.

NONLINEARITY IN LSB

The new 12-bit CMOS MAX162 from /
Maxim delivers a 40% increase in A/D
conversion rate for the same price as the industry . MAX162
AD7572

The MAX162 packs on-chip a buried zener
reference, three-state output drivers, high-speed 1
microprocessor interface circuitry, internal or
-15V or -12V supplies. And is pin for pin 100000 200,000 O - N
compatible with the AD7572. CRUVERSIGIS B2k S SaliD

If you have a design that uses the slower AD7572, you can upgrade to the MAX162 at

Or get a low noise AD7572 from Maxim.

If your design is committed to the AD7572, consider this—Maxim's AD7572s (and

MAX162s) deliver a 3X reduction in noise over the original manufacturer. And every standard

In a smaller footprint than PLCC.

Only Maxim offers you both the MAX162 and AD7572 in the smallest surface-mounted
package available—the SOIC. Our SOIC packages are subjected to rigorous lot qualifications,
pressure pot, solder immersion and life tests. And thanks to advanced packaging materials
developed specifically for surface-mount, over 99% of our SOICs survive these tests to become
the most reliable surface-mount parts you can buy.* Anywhere.

So what will it be? A 3us MAX162 or a 5us AD7572? The price is the same. The choice
is yours. And soon, that choice will include a military version screened to MIL-STD-883B
Rev. C requirements.

Call your Maxim representative or distributor today for data sheets and samples. Or write
Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408) 737-7600. And tell
them you'd like 100,000 12-bit A/D conversions—free.

* Maxim Reliability Report RR-IC 1987.
/WA X1V

Distributed by Anthem/Lionex, Bell/Graham, Hall-Mark, and Pioneer. Authorized Maxim Representatives: Alabama, (205) 830-4030; Arizona, (602)
860-2702; California, (408) 727-8753, (619) 278-8021; (714) 739-8891; Colorado, (303) 841-4888, Connecticut, (203) 754-2823; Florida, (305) 365-3283; Georgia, (404)
992-7240; Idaho, (503) 620-1931; lllinois, (312) 956-8240; Indiana, (317) 849-4260; lowa, (319) 377-8275; Kansas, (316) 838-0884, (913) 339-6333; Maryland, (301) 799-7490;
Massachusetts, (617) 449-7400; Michigan, (313) 968-3230; Minnesota, (612) 944-8545; Missouri, (314) 291-4777, Montana, (503) 620-1931; Nevada, (408) 727-8753; New
Jersey, (609) 933-2600, (201) 428-0600; New Mexico, (505) 884-2256; New York, (516) 752-1630, (315) 437-8343; North Carolina, (919) 846-6888; Ohio, (216) 659-9224,
(513) 278-0714, (614) 895-1447; Oklahoma, (214) 386-4888; Oregon, (503) 620-1931; E. Pennsylvania, (614) 895-1447, W. Pennsylvania, (609) 933-2600; South Carolina,
(704) 365-0547; Tennessee, (404) 992-7240; Texas, (214) 386-4888, (512) 451-2757, (713) 778-0392; Utah, (801) 266-9939; Virginia, (301) 621-1313; Washington, (206)
453-8881; Wisconsin, (414) 476-2790; Canada, (416) 238-0366, (604) 439-1373, (613) 726-9562, (514) 337-7540.

Maxim is a registered trademark of Maxim Integrated Products. ©1987 Maxim Integrated Products.
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Customer training and reverse engineering
promise to escalate the acceptance of CASE

Chris Terry, Associate Editor

GASE (computer-aided soft-

ware engineering) is only now
reaching the stage of maturity that
CAE tools were at several years
ago, but it won’t be long before
CASE catches up to CAE. As com-
puter hardware falls in price and
increases in graphics power, any
software engineer who has a PC/AT
can make use of CASE tools. More
to the point, many CASE vendors
have switched the focus of their
customer-training courses from pro-
moting specific methodologies to
teaching management what they re-
alistically can—and can’t—expect
from the tools. And finally, new
tools have made reverse engineer-
ing possible: Reconstructing design
diagrams from the source code of
existing programs makes program
maintenance and enhancement
much easier.

CASE isn’t a cure-all

Tools for the analysis of software
requirements and for the design of
software modules have been around
since the mid-70s. IBM’s HIPO (hi-
erarchical input-process-output) di-
ag