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Seventeen MIPS with a single
32-bit RISC chip. Sustained. 42,000
dhrystones. In CMOS. Complete
hardware and software
development support. Optimizing
compilers. Assemblers. Debuggers.
Industry standard operating systems.
Hardware development tools.

4idme. . Documentation,
- training and customer
¥ support. Now.
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The phone book is full of
magnetics suppliers. But one call —
to Dale® Electronics — can add
more than just a supplier to your
next project.

We have the breadth of line,
the staff and the facilities to deliver
the exact part you need, exactly
on time. We can document this in
many ways — including a customer
list full of firms who've proven it's
more efficient to turn in-house
magnetics production over to us.

So tell us your needs: A molded,
shielded inductor, a MIL-C-15305

model, a high-volume, roll-coated
choke, a custom switch model
design. Off-the-shelf or one of a
kind, Dale can be the partner
you need to provide time-saving,

Circle No. 1

oxy can't speed up
your production Cycle.

cost-efficient magnetic components.
Call today or write for a copy

of our expanded Magnetic

Components Catalog. Dale

Electronics, Inc., East Highway 50,

Yankton, South Dakota 57078.

Phone: 605-665-9301

Dale Makes Your Basics Better




British Telecom says,

“Fifty approvals
frolfttny ogle) lab -
Thanks DS&G!”

Gavin Steven

British Telecom/

Mitel Datacom

“At British Telecom we knew
that a single compliance
problem could have crippled

our introduction and damaged our reputation. So we
chose the best facility.” They chose DS&G.

No Lab Offers
More Approvals

DS&G offers every approval you will ever need. They
offer a complete line of EMI, telecom, and safety cer-
tifications. For EMI, they can get approval by the FCC,
the Canadian DOC, the German VDE, and the Japanese
VCCI. For telecom, they offer FCC, DOC,BABT (British),
and JATE (Japanese) approval. For safety, they can obtain
the marks of UL, CSA (Canada), and TUV (Germany).

Dash Straus & Goodhue, Inc.
593 Massachusetts Ave.
Boxborough, MA 01719

(617) 263-2662

After 7/19/88: (508) 263-2662

DS&G Does It All

DS&G works with you all the way from initial design
to complete retrofit. They can handle every aspect of
your compliance program, including liason with
government agencies. But DS&G does even more. It
annually publishes the industry’s reference book on
designing for compliance, “Compliance Engineering
It also consults with U.S. and foreign governments on
developing technology and regulations. So you know
you are getting the most comprehensive, up-to-
date service.

“OnTime and On Budget!”

British Telecom was particularly impressed that
DS&G got so many approvals without any delays or
cost overruns. Your approval program can go as
smoothly as their's did. You can choose DS&G. Call now
at 617 263-2662.

SG

Dash Goodhue




" dc to 2000 MHz
amplifier series

P :

SPECIFICATIONS Unbelievable, until now...tiny monalithic wide-
MODEL  FREQ oo CANGB  SMAX NE PRICE S band amplifiers for as low as 99 cents. These rugged
v MHz MMz MHs (hole) dBm, R 0.085 in.diam. plastic-packaged units are 50ohm?*
MAR-1 DC-1000 185 155 — 130 Q0 50 099 (100) input/ output impedance, unconditionally stable
MAR-2 DC-2000 13 125 11 85 +3 65 150 (25) * i
MAR-3 DC-2000 13 125 105 80 +8o0 60 170 (25) Irr? ?ﬁéd,'\ﬁz?qoé ekr)ieelacsj b?fg(rj S a?gysgaggadagl% lt\godels
MAR-4 DC-1000 82 80 — 70 +1 70 190 (25) ~ orier up gain,
MAg-s ngggg 120 1% it 9 0 gg 153 (25) +11dBm output, noise figure as low as 2.8dB,
N3/ 3 G s W | 85 w0 L (25) and up to DC-2000MHz bandwidth.
MAR-g  DC-1000 23 i MY 35 2200 (29) *MAR:8, Input/Qutput Impedance is not 50ohms, see data sheet.
NOTE: Minimum gain at highest frequency point and over full temperature range: Stable for source/load impedance VSWR less than 3;1
® 1dB Gain Compression . 2 5 5 2 .
G +4dBm 1 102 GHz Also, for your design convenience, Mini-Circuits
i H H offers chip coupling capacitors at 12 cents each.t
des.Qners amphﬂer k“’ DAK 2 Size  Tolerance  Temperature Value
5 of each model, total 35 amplifiers R RN | i i o
= 59 95 80 % 50 10% X7R 2200, 4700, 6800, 10,000 pf’
o only $ s ‘t'12-0 vx 60 10% X7R 022, .047. .068, 1uf
Minimum Order 50 per Value

color dot
™ F }—cnuv
finding new ways...

= setting higher standards

4 Mini-Circuits

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

dC tO 4.6 GHZ fromm

Tough enough to pass stringent MIL-STD-883 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 technigues. 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 ina 1.25 x 1,25 x 0.75 in. metal case,
contain five SMA connectors, including one at each control port to
maintain 3ns switching speed.

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

SPECIFICATIONS

Pin Model KSW-2-46 KSWA-2-46
Connector Version ZFSW-2-46 ZFSWA-2-46
FREQ. BANGE dc-4.6 GHz dc-4:6 GHz
INSERT. LOSS (db) typ max typ max
dc-200MHz 0.9 11 08 11
200-1000MHz 1.0 13 09 13
1-46GHz 1.3 17 1.5 26
ISOLATION (dB) typ min typ  min
dc-200MHz 60 50 60 50
200-1000MHz 45 40 50 40
1-4.6GHz 30 23 30 25
VSWR (typ) ON 131 13
OFF — 14
SW. SPEED (nsec)
rise or fall time 2(typ) 3(typ)
MAX RF INPUT
(bBm)
up to 500MHz 7 17
flﬂdlﬂg new ways above 500MHz +27 27
setting higher standards CONTROLVOLT.  —6V.on, OV off —~8Y on, OV.off
Ml“. CIrcurts OPER/STORTEMP.  -55°10 +125°C -55°10 +125°C
PRICE (1-24) $32.95 $48.95
A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 2es i
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
C 117 REV.D
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On the cover: CASE tools link all

phases of the software desygn process—from
concept to maintenance. See pg 110.
(Photo courtesy Tektronix Inc, Computer-
Aided Software Engineering Div)

VBPA ABP

DESIGN FEATURES
Special Report: CASE tools 110

Computer-aided software engineering is becoming vital to the success
of large projects, and vendors are starting to make progress in filling
two of the technology’s most serious gaps.—Chris Terry, Associate Editor

Electro/88 129

Electro’s technical program expands to 54 sessions, 35 of which
focus on software.—Dan Strassbery, Associate Editor

Electro/88 Products 139

Decade 90: The future of system design—Part 5 180

Fault-tolerant design techniques developed originally for aerospace
systems will pervade the electronics industry as customers demand the
utmost in reliability from every electronic product, even those intended
for use on Earth.—Steven H Leibson, Regional Editor

Silicon compilers tame 195
10,000-gate-plus ASICs, gate arrays

Silicon compilation offers a new paradigm for the management of
large complex designs.—William | Stenzel, Tandem Computers Inc

Take care when choosin 209

controllers for ﬂat-pane?displays

Emissive flat-panel displays are well suited for applications requiring
minimum size and weight. To optimize overall system performance,
you must select a controller that’s right for the job, keeping in mind
that a flat-panel display’s control requirements are more stringent than
are a CRT’s.—Colin McManus, Digital Electronics Corp

Mini dc/dc supplies simplify 225
redundancy in parallel systems

Miniature, on-card de/dc converters make it possible to design
parallel-redundant systems that offer higher efficiency than that attain-
able from conventional UPS designs.—Lars Thorsell, Rifa Power Products

Continued on page 7
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Choice. Performance.
HP beam lead PIN diodes.

From circling satellites to
aircraft electronics, the perfor-
mance choice in beam lead
PIN diodes is Hewlett-Packard.
No one offers you more variety
Or more ways to meet your tar-
get specifications...all backed
by the most extensive pub-
lished reliability test data in
the industry.

Capabilities available to
you include: the lowest RC prod-
uct on the market; the broadest
selection of Rs, Cj and switch-
ing speeds; unparalleled low
resistance at low bias; excep-
tionally low trT; high beam
strength; low capacitance; stan-
dard TXV level tested parts.
Plus, HP is the only company

maximuin capacitance win-
dows for HPND-4018/28/38
devices.

Don't spend the day on the
phone placing orders to half-
a-dozen suppliers! Just one
phone call to the HP sales office
nearest you (ask for the Com-
ponents Department) will give
you the most choice, the best
choice, the right choice...every
time. Or, for a complete set of
data sheets simply circle our
number on the reader service

that guarantees minimum and card in this issue.
(é] HEWLETT
P8 pACKARD
CG08709
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Your choice of machine-vision
equipment depends on your applica-
tion and the amount of money you
want to spend (pg 55).

EDN magazine
now offers
Express Request,
a convenient way
to retrieve product
information by
phone. See the
Reader Service
Card in the front
for details on how
to use this free
service.

Expressu | |||.
Request

TECHNOLOGY UPDATE

Sophisticated hardware and software 55
beget efficient machine-vision systems

Because of recent developments in machine-vision technology, you
no longer need a lot of specialized knowledge to develop vision
systems that let machines search for and differentiate among pat-
terns.—/] D Mosley, Regional Editor

Advances in speed and voltage ratings 75
enhance applications for optocouplers

The widespread use of optocouplers is testimony not only to their
long history, but to the great variety of types tor sale.—Dave Pryce,
Associate Editor

PRODUCT UPDATE

Software package 89
Mid-range development tools 90
Menu-driven digital multimeter 92
DESIGN IDEAS

Electronic thermometer has 10-mV/°F output 237
Add two 16-bit pointers to the 8031 yP 238
Spare inverters form a transparent D latch 238
Adders enable detection of multiple inputs 240
Program aids resistive-divider calculations 240
1987 Design Idea Grand Prize Winner 246

Continued on page 9

Cahners Publishing Company, A Division of Reed Publishing USA [] Specialized Business
Magazines for Building & Construction [] Manufacturing ['] Foodservice & Lodging

| Electronics & Computers [J Interior Design [ Printing [ Publishing [] Industrial Research
& Technology [] Health Care (] and Entertainment. Specialized Consumer Magazines:
[] American Baby ['] and Modern Bride.
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AUTOMATIC SCHEMATIC.

FUTUREDESIGNER: DRAW LESS. DESIGN
MORE. Introducing FutureDesigner™ —
the only advanced design entry work-
station that lets you describe your cir-
cuit in compact, high-level terms and
create more complex designs faster.
FutureDesigner’s flexible, new tech-
niques encourage creativity and
experimentation, helping you pro-
duce innovative products quickly and
more accurately.

MULTIPLE DESIGN ENTRY MODES FOR
SPEED AND FLEXIBILITY. Describe
your circuit with any combination of
structural and behavioral representa-
tions. Use schematics to enter the
structural portions of the design, such
as data paths in a memory array. For
portions easier to describe behaviorally,
like sequencers or decoders, simply
enter equations, truth tables or state
diagrams using on-screen input forms.

Data |1/0 Co
FutureNet 93
Data I/0 Canada
Data I1/0 Europe
Data I/0 Japan ¢

©1987 Data I/0 Corporation

ADVANCED DESIGN VERIFICATION
HELPS YOU GET IT RIGHT THE FIRST
TIME. For the behavioral portions of
your design, use FutureDesigner as a
“what if" tool to try different design
approaches. Immediately verify that
your circuit works as you intended. For
the structural portions, design check
tools detect and help you correct con-
nectivity and other common design
errors. Together these features signifi-
cantly shorten the design iteration cycle.

LOGIC SYNTHESIS CONVERTS YOUR
EQUATIONS INTO SCHEMATICS. Once
you've entered equations, state dia-
grams or truth tables, FutureDesigner’s
logic synthesizer eliminates redundant
circuitry and optimizes your design for
size/speed trade-offs. FutureDesigner
is the only design entry workstation that
will then automatically produce the
correct schematics and integrate them
with the total structural design.

CIRCLE NO 80

MORE CHOICES IN TECHNOLOGIES,
VENDORS AND SYSTEMS. Future-
Designer is technology independent.
Choose the most convenient mix of
TTL, PLDs, gate arrays or other
ASICs from a wide range of semi-
conductor manufacturers. You can
easily migrate from one technology
to another without redesign.

FutureDesigner output is an
industry standard, widely accepted
by engineering service bureaus and
semiconductor vendors. You'll also
have access to both FutureNet® and
other CAD systems for simulation
and PCB layout.

Call us today and learn how a
FutureDesigner workstation gives
you the flexibility and accuracy to
design innovative products faster.

1-800-247-5700
Dept. 117

FutureNet

A Data I/O Company
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Over the centuries, people have looked at the latest
in technology with a bit of skepticism. The Transputer
from INMOS is no exception.

When we first introduced the Transputer,
designers were indeed intrigued. They were
impressed with our T800—a 32-bit floating point
microprocessor with an average speed of 10 MIPS
and the ability to sustain 1.5 MFLOPS or 4.0 million
single precision whetstones. “Incredible,” designers
said. “But it's more than we can use.”

Not true. The fact is as a stand-alone
processor, the T800 gives you benefits you can
use every day. It runs programs even faster than
Intel’s combined 80386 and 80387 or Motorola’s
combined 68020 and 6888I. Plus, it requires
significuntly less memory to hold compiled code.

And, by increasing the number of Transputers,
you can increase system performance proportionally

with no limit to the number of Transputers that can
operate concurrently. Like linking seven T800's
together to give you the processing power of a
mighty Cray 1S supercomputer.

Oryou could use ten IBM add-in cards from
INMOS carrying ten T800's each, to enable your
desktop PC to deliver 150 MFLOPS. That's like having
the power of 150 11/780 VAX machines right at
your fingertips.

So take another look at the Transputer. It's not
just a dream for the future, it's a high-performance
product for today. And it's a technology that is
already taking off.

TRANSPUTER
@hmos

INMOS, Colorado Springs, Colorado 80935. Tel. 719-630-4000, Oronge County 714-957-6018, Santa Clara 408-727-7771, Denver 303-252-4100,

Mvnneopolls 612-932-7121, Dallas 214-490-9522, Boston 617-366-402:

INMOS Transputer
trademark of Digital Equipment Corporation. Cray is a'registered trademark of Cray Research, Inc. |BI

EDN April 28, 1988

andIMS aretrademarks ofthe INMOS Group of Companies. Motorolais a re%A

Baltimore 301-995- 6952 Atlanta 404-242-7444.

istered trademark of Motorola, Inc. Intelis aregistered trademark of Intel Corporation. VAXis a registered
is aregistered frademark of International Business Machines Corp.
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Fast Interface
D s 12-Bit D/A Converter

FEATURES

Complete 12-Bit D/A Function

On-Chip

High Stability Buried Zener Reference

Fast 40ns Write Puise

Guaranteed for Operation with = 12V or =15V

Supplies

0.3" Skinny DIP Package

AD767 Functional Block Diagram
PRODUCT DESCRIPTION FRODUCT INGRLIGWES
is a complete voltage output 12-bit digital-to-analog 1. Complete 12-bit DACPORT
m&.mm@;mu The AD767 is a complete voltage output DAC with voltage
input latch on a single chip. The uses 12 precisi fi and digital latches on a single IC chip.
Mwwwummdundnhuum 2. The input latch responds to write pulse widths as short as
thin-film k to pr high y. 40ns assuring direct interface with the industry’s fastest
Microprocessor compatibility is achieved by the on-chip latch. mwtounnn
buses. The latch responds to strobe pulses as short as 40ns, ,d,,m.«mmm The reference voltage is
allowing use with the fastest available microprocessors. also available for app
The functional completeness and high performance of the AD767 4. The gain serting and bipolar offset resistors are matched to
mm-m«mmmw the internal Isdder vk 10 g 3 low gain temp
bipolar manufacturing p and p laser wafer B coefficient and are laser trimmed for minimum full-scale and
(LWT) technology. bipolar offset errors.
The subsurface (buried) zener diode on the chip provides a low- S. The precision high-speed g switches and
noise voltage reference which has long-term stability and tem- mmw-qedmmphﬁumkmhnlﬂm
drift ch istics comparable to the best discrete for a 10V full-scale transition in 3.0us when properly

mmmmn—umwmu compensated.

excellent linearity is aiso used to trim the absolute value of the

reference as well as its temperature coefficient. The AD767 is DACPORT is a trademark of Analog Devices, Inc.
thus well suited for wide temperature range performance with

+ 1/2LSB maximum linecarity error and guaranteed monotonicity

over the full wemperature range. Typical full-scale gain T.C. is

Sppm/°C. The AD767 is packaged in a small, 0.3" wide, 24-pin

DIP.

Bringing complete 12-bit DAC functionality and functions come packed into skinny 0.3” DIPs. All this
performance to your designs no longer requires having to means you no longer have to deal with error budgets, prod-
deal with all the problems associated uct characterizations, or space constraints related to
with external components. Instead,  external components.
it simply requires specifying our If digital interface speed is what you're after, the
b new AD767 or AD7245. AD767 responds to pulse widths as short as 40ns, allowing
Both the AD767 and AD7245 feature an on-chip it to be used with today’s fastest processors. On the other
stable buried Zener reference, output amplifier and hand, if low power dissipation is critical to your application,
microprocessor interface logic. And these complete the LC*MOS AD7245 consumes only 65mW. There’s also

12 EDN April 28, 1988



Low Power
12-Bit D/A Converter

e

AD7245

FEATURES
Complete 12-Bit D/A Function

On-Chip Output Amplifier

High Stability Buried Zener Reference
Low Power (65mW typ)
Single or Dual Supply Operation
0.3, Skinny DIP Package
g-Bit Bus Version Available: AD7248

DESCRIPTION
The AD7245 i3 12-bit, voltage-output, digital-to-analog
coaverter with output amplificr and zener voltage reference on a
monolithic CMOS chip. No | tnms are required to achi
uw&dpﬂfmfmlhcpln‘
The part features double-buffered interface logic with a 12-bit
input register and 12-bit DAC register. The data held in the
DAC register determines the analog output of the converter.
The input register data is latched on the rising edge of CS and
WR and data is transferred 10 the DAC register under control
of LDAC. An asynchronous CLR signal on the DAC register
allows features such as power-on reset to be implemented. All
logic inputs are level triggered and are TTL and CMOS (5V)
level compatible, while the control logic is speed compatible
The on-chip SV buried zener diode provides a low-noise, tem-
per P d refs x for the DAC. The gain setting
resistors allow 2 number of ranges at the output: 0 to +5V, 0 o
+ 10V when using single supply and -5V 10 + 5V when operated
with dual supplics The output amplifier is capable of developing
+ 10V across a 2k{] load.
The AD724S is fabricated in an all son-mplanted high-speed
fincar companble CMOS (LC*MOS) process and is packaged in
2 small, 0.3" wide, 24-pin DIP.

complete for as little as $8.40 (1000s).

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106;
Colorado: (303) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (
) 845800; France; (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 28995; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826;
32) 232222; West Germany: (89) 570050

Belgium: (3) 237 1672; Denmark: (2

Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (9

EDN April 28, 1988
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W
sk INPUT LATCH
b
® % " Toan oGND
AD7245 Functional Block Diagram

PRODUCT HIGHLIGHTS

4.

an 8-bit bus version of the AD7245 (the
AD7248) that loads in two bytes.
Whether your need is deter-
. mined by speed or power dissipa-
tion, it doesn't have to be limited by price. Our DACs come

Complete 12-bit DACPORT™:
1\:Ap720$inmplaemln¢ewm 12-bit DAC on
oncchp‘l'hnmde—chpdeqnoﬂhe DAC, reference and
WWBMMMMI:MM
designs.

Single or Dual Supply Operation:
Thevdm—modemﬁlm the AD7245 allows operation
from a single power supply rail. The part can also be operated
from dual supplies 1o allow a bipolar output range.

. Low Power Consumption:

CMOS fabrication results in very low power consumption
(65mW typical in single supply). This low power allows the
part to be packaged in a small 0.3" wide 24-pin DIP.
Versatile Interface Logic:

The high speed logic allows direct interfacing to most 16-bit
microprocessors . Additionally, the double buffered interface
enables simultancous update of the AD7245 in multiple DAC
systems. The part also features an asynchronous CLR input.

DACPORT is 2 trademark of Asslog Devices, Inc.

write to Analog Devices,
P.0. Box 9106, Norwood,
MA 02062-9106.
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To find out how the AD767 and AD7245 can tend
to your complete 12-bit DAC needs, call Applications
Engineering at (617) 935-5565 Ext. 2628 or 2629. Or

ANALOG
DEVICES

Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037;

206) 251-9550; Austria: (222) 885504;



When you put a Fujitsu ASIC to

work, you can rest assured it will
T"E PO’" T work the way it should. And keep on

doing its job for a very long time
or "o RET"R" to come. In fact, when you look at
® our performance record over the
years,you'll be hard pressed to find
any field failures at all.
This is no empty promise.
Product reliability has been a way

of life for us for more than 15
years.
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That's why we always take a and final test, including 100% AC Call our Hot Line today at
conservative approach to the testing at frequency. Sonothing ~ (800) 556-1234, Ext. 82; in California
design process. Giving you realistic i left to chance. (800) 441-2345. Look into ASICs
worst case specs that no produc- To us, reliability in the fieldis ~ you can send out the door. Never to
tion device will exceed. everything. And when you remem-  return again.

Guaranteeing a minimum 90%  ber we've taken over 8,000 ASIC
utilization of all gates. And giving  devices from design through mass
you a simulation-to-production production, you can see that well
correlation of 99%. giveyoua level of confidencenoone
It's also why we control every ~ else can offer. rusairsy ¥ UJITSU
stepof the production process.From  So count on parts that have B MICROELECTRONICS.INC

design to wafer fab to assembly longer life expectancies. Technology That Works.
CIRCLE NO 87
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Choose Teledyne First!

Marshall Industries
Huntsville, AL

(205) 881-9235
Quality Components
Huntsville, AL

(205) 830-1881

Future/Cetec Electronics
Phoenix, AZ

(602) 968-7140
Marshall Industries
Phoenix, AZ

(602) 496-0290

All American
Torrance, CA
(213) 320-0240

All American
San Jose, CA
(408) 287-0190

Future Electronics
San Jose, CA
(408) 434-1114

Marshall Industries
Milpitas, CA

(408) 942-4600
Marshall Industries
Rancho Cordova, CA
(916) 635-9700

Future/Cetec Electronics
Chatsworth, CA
(818) 700-0914

Marshall Industries
Chatsworth, CA
(818) 407-0101

Marshall Industries
El Monte, CA
(818) 459-5500

Future/Cetec Electronics
Irvine, CA
(714) 250-4141

Marshall Industries
Irvine, CA 92718
(714) 859-5050
Future/Cetec Electronics
San Diego,

(619) 278-5020
Marshall Industries
San Diego, CA
(619) 578-9606
Micro-Die Systems
Torrance, CA

(213) 373-0687

Future Electronics
Westminster, CO
(303) 650-0123
Marshall Industries
Thornton, CO
(303) 451-8383

Future Electronics
Bethel, CT

(203) 743-9594
Marshall Industries
Wallingford, CT
(203) 265-3822

“WTELEDYNE

All American
Miami, FL

(305) 621-8282
Chip Supply
Orlando, EL

(305) 298-7100
Future Electronics
Clearwater, FL
(813) 578-2770
Future Electronics
Altamonte Springs, FL
(305) 767-8414
Marshall Industries
Ft. Lauderdale, FL
(305) 977-4880

Marshall Industries
Altemonte Springs, FL
(305) 767-8585
Marshall Industries
St. Petersburg, FL
(813) 576-1399
Quality Components
Tampa, FL

(813) 854-2614

Future Electronics
Norcross, GA
(404) 441-7676

Marshall Industries
Norcross, GA

(404) 923-5750
Quality Components
Norcloss, G

(404) 449-9508

Advent Electronics
Rosemont, IL

(312) 298-4210
Future Electromcs
Schaumburg

(312) 882-1255
Marshall Industries
Schaumburg, IL
(312) 490-0155

Advent Electronics
Indianapolis IN
(317) 872-4910
Marshall Industries

Indianapolis, IN
(317) 297-0483

Advent Electronics
Cedar Rapids, IA
(319) 363-0221

Marshall Industries
Lenaxa, KS
(913) 492-3121

All American
Rockville, Maryland
(301) 251-1205
Future Electronics
Columbia, MD
(301) 995-1222

SEMICONDUCTOR

Marshall Industries
Gaithersburg, MD
(301) 840-9450
Pyttronic Industries
Savage, MD

(301) 792-0780

Marshall Industries
Rochester, NY
(716) 235-7620
Future Electronics
Hauppauge, NY
(516) 234-4000

|

Now Electronics
Framingham, MA
(617) 872-5876
Future Electronics
Westborough, MA
(617) 366-2400
Marshall Industries
Wilmington, MA
(617) 658-0810

Marshall Industries
Raleigh, N.C.

(919) 878-9882
Quality Components
Raleigh, N.C.

(919) 876-7767
Future Electronics
Charlotte, N.C.
(704) 529-5500

Advent Electronics
Farmington Hill, MI
(313) 477-1650
Marshall Industries
Livonia, Ml

(313) 525-5850
Future Electronics
Detroit, Mi

(313) 261-5270

All American
Minneapolis, MN
(612) 884-2220
Marshall Industries
Plymouth, MN
(612) 559-2255
Future Electronics
Eden Praire, MN
(612) 944-2200

Hughes-Peters, Inc.
Cincinnati, OH
(513) 351- 2000
Hughes-Peters Inc.
Columbus, OH
(614) 294-5351
Marshall Industries
Dayton, OH

(513) 898-4480
Marshall Industries
Solon, OH

(216) 248-1788
Marshall Industries
Westerville, OH
(614) 891-7580

Quality Components
Tulsa, OK
(918) 664-8812

Marshall Industries
Bridgeton, MO
(314) 291-4650

Future Electronics
Mt. Laurel, NJ
(609) 778-7600
Marshall Industries
Mt. Laurel, NJ

(609) 234- 9100
Future Electronics
Fairfield, N.J.

(201) 227-4346
Marshall Industries
Fairfield, NJ

(201) 882-0320

All American
Ronkonkoma, NY
(516) 981-3935

Future Electronics
Liverpool, NY

(315) 451-2371
Future Electronics
Rochester, NY
(716) 272-1120
Marshall Industries
Hauppage, LI, NY
(516) 273-2424
Marshall Industries
Johnson City, NY
(607) 798-1611

Cetec Future
Beaverton, OR
(503) 645-9454
Marshall
Beaverton, OR
(503) 644-5050

Marshall Industries
Pittsburgh, PA
(412) 963-0441
Pyttronic Industries

Montgomeryvill, PA
(213) 643-2850

All American
Richardson, TX
(800) 541-1435

Future Electronics
Richardson, TX
(214) 437-2437

Marshall Industries
Austin, TX
(512) 837-1991

Marshall Industries
Carroliton, TX
(214) 233-5200
Marshall Industries
Houston, TX

(713) 895-9200
Marshall Industries
El Paso, TX

(915) 593-0706

Marshall Industries
Brownsville, TX
(512) 542-4589
Quality Components
Addison, TX

(214) 733-4300
Quality Components
Austin, TX

(512) 835-0220
Quality Components
Sugarland, TX

(713) 491-2255

tal

Future Electronics
Salt Lake City, UT
(801) 972-8489
Marshall Industries
Salt Lake, UT
(801) 485-1551

Future Electronics
Redmond, WA
(206) 881-8199
Marshall Industries
Bellevue, WA

(206) 747-9100

Marshall Industries
Brookfield, WI

(414) 797-8400
Taylor Electronic Co.
Mequon, WI
(414) 241-4321

Future Electronics
Calga ry Alberta
(403) 235-5325
Future Electronics
Edmonton, Alberta
(403) 438-2858

Future Electronics
Vancouver, B.C.
(604) 294-1166

Future Electronics
Ottawa, Ontario
(613) 820-8313
Future Electronics
Dowsview, Ontario
(416) 638-4771

Future Electronics
Pointe Claire, Quebec
(514) 694-7710
Future Electronics
St. Fox, Quebec
(418) 682-5775

Future Electronics
Winnipeg, Manitoba
(204) 339-0554
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Seeking
a+5V Supply Voltage Analog Switch?
....1hey Exist Here!

Teledyne Semiconductor’'s TSC44X precision CMOS analog switch family sets the standard in low supply voltage
switch technology. Sharing the same 5V or 5V power supply levels modern CMOS data converters and operational
amplifiers need, your designs now benefit from low 10 pA switch leakage current, 95 ohm “ON’ resistance, and 1.5mW
power dissipation. Single supply operation from 3 to 18V for battery powered systems. Full microprocessor

compatibility too!

Switch architectures cover all your application needs from quad SPST to dual SPDT. Normally closed, open and mixed
versions. The innovative TSC444 SPDT switch features a neutral, switch “OFF” position. On chip latches eliminate
external components in u-processor controlled systems. Disable latches for transparent operation. Standardize on the
TSC44X family for your job today and tomorrow’s breakthrough.

Pin compatible with many old, high supply voltage only parts like the DG221 and AD7590/1/2. Available in DIP or “SO”
surface mount technology. Call or write for full information, design help and data sheets. Samples available now.

All devices are backed by Teledyne'’s reputation for quality, service and support - a reputation earned through 25
leadership years in the semiconductor industry.
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1-800-888-9966
415-968-9241

1300 Terra Bella Avenue
Mountain View, CA 94039
TWX: 910-379-6494

FAX: 415-967-1590

/W TELEDYNE

SEMICONDUCTOR




Hitachi’s 3-Chip Graphics System

Off the northeast coast of Australia lies the
Great Barrier Reef. . . a world of striking visual
images. . . its appearance changing effortlessly with
the tide. Now, Hitachi’s made it easier than ever for
you to create dazzling graphic images.

Our renowned HD63484 Advanced CRT
Controller (ACRTC) has been joined by the
HD63485 Graphics Memory Interface Controller
(GMIC), and the HD63486 Graphics Video
Attributes Controller (GVAC). The ACRTC made
graphics software design simple, and now the
GMIC and GVAC complete the picture by making
your hardware design just as easy.

Glue logic is virtually eliminated. Develop-
ment time and cost are slashed to the minimum.
You end up with a graphics system so cost-
effective that you can use it in high-volume,
mainstream PC and OA workstation applica-

Every Image

tions. High-performance graphics no longer has
to be an option on your products.

A trio of devices gives unbeatable performance in
every key area. The ACRTC embodies Hitachi’s
2-micron CMOS technology to integrate all CRT
and graphics control functions on one chip. This
all-CMOS device has three on-board processors to
relieve the system’s CPU of many time-consuming
processing tasks. The ACRTC executes 38 high-level
commands—including 23 graphic drawing com-
mands. You don’t have to compute command param-
eters, and address translation is done in hardware.

The GMIC acts as an interface between the
ACRTC and your frame buffer. This 64MHz
Hi-BiCMOS™ device generates every control and
refresh signal required by the DRAM frame buffer,
including all timing signals, row-and-column
addresses, and write strobes.




The GVAC controls the data flow going to the
display itself. This 64MHz Hi-BiCMOS device
controls the video attributes, and includes program-
mable dot shift registers. These provide zooming,
horizontal smooth scrolling, plus many user-definable
video attributes.

With one ACRTC, one GMIC, two GVACs,
plus frame buffer memory, you quickly build a system
with 640 x 480 resolution, and 16 colors. Or, config-
ure a system any way you want. As you add GVACs,
system flexibility goes up exponentially—just imagine
the kinds of images you can create. And, you'll do it
all in less time, and with less cost, than any other
graphics system ever made.

Hitachi gives you the price/performance com-
petitive edge. This system is rapidly becoming the
industry-standard CRT and graphics controller.
After all, it allows PGA® capabilities—and

Imaginable

more—at EGA” prices! To learn more, call your
local Hitachi Sales Representative or Distributor

Sales Office today.

Fast Action: To obtain product literature
immediately, CALL TOLL FREE, 1-800-842-9000,
Ext. 6809. Ask for literature number SB-103.

“PGA and EGA are registered trademarks of International Business Machines Corporation.
PGA offers 640 x 480 resolution, a 4K color palette, and 256 displayable colors. EGA offers
640 x 350 resolution, with 16 displayable colors.

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




FLUKE AND PHILIPS-THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

IFLUKE]
®

If you're like most test-and-measure-
ment people, you have trouble finding
automatic switching systems that hit
both your budget targets and your test-
ing needs. Not to mention your space
constraints.

Meet the Philips System 21, a whole
family of handy intelligent modules, all
tied to a master unit with a single GPIB
address.

You can start with just two units—
a master and slave—then expand as far

Switch Hit

as you like, adding modules as your
needs grow.

Your options include most common
switching and |/0 functions, plus an
18 GHz switch, an analog-to-digital
converter, a user-adaptable module
and much more.

And you only pay for the functions
you need.

Which means you can build a working
system for under a thousand dollars,
and additions are even more affordable.

CIRCLE NO 88

PHILIPS

£

PHILIPS

\F

Plus you have Fluke service and sup-
port just a phone call away.

How's that for a hit?

Our free System 21 Catalog explains
it all. For your copy, just call toll-free:
1-800-44-FLUKE ext. 77.

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

U.S.: (206) 356-5400 CANADA: (416) 890-7600.
OTHER COUNTRIES: (206) 356-5500.

©Copyright 1988 John Fluke Mfg. Co., Inc.
All rights reserved. Adrio. 1271-P21.

FLUKEI
®
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NEWS BREAKS

EDITED BY JOANNE CLAY

OPTICAL WORM DRIVE STORES 1.2G BYTES ON A CARTRIDGE

The ISi 525GB write-once, read-many (WORM) optical-disk subsystem from Informa-
tion Storage Inc (Colorado Springs, CO, (303) 579-0460) stores 1.2G bytes of informa-
tion on its double-sided cartridge. At any one time, an application has access to one
side (600M bytes) of the cartridge. In addition, the optical drive features a 6.5M-bps
data-transfer rate, which the company claims can provide better throughput than
some magnetic hard-disk drives. A subsystem designed to be mounted in an IBM PC or
compatible computer costs $5988 and includes the WORM drive, controller board,
cables, and software. An enclosed subsystem that adds a power supply and cabinet
costs $6188. The company will offer a similar drive with a SCSI interface in August.
Meanwhile, the company has lowered the price of its R30M-byte ISi 525WC subsystem
from $3995 to $2088.—Steven H Leibson

DSP BOARD AND SUBSYSTEM BOOST HP 9000 WORKSTATION PERFORMANCE

The DSP300 add-in board for Hewlett-Packard’s 9000 Series 200/300 workstations
employs an AT&T WE-DSP 32 processor to increase the speed at which the worksta-
tions perform floating-point operations. Infotek Systems (Anaheim, CA, (714)
956-9300) offers the board as a stand-alone product or as part of the GA300 graphics-
accelerator subsystem. The GA300 also includes the BC305 Basic 5.0 compiler and
graphics-accelerator software, and it can execute applications such as real-time model-
ing and animation as much as 40 times faster than the Series 200/300 processor can.
Available now, the DSP300 costs $2000 (including the assembler and C compiler) and
the GA300 sells for $2395. The company plans to introduce FFT and array-processing
subsystems based on the DSP300 in the third quarter of 1988.—Maury Wright

MENU-DRIVEN DMM INCLUDES BAR GRAPH AND FREQUENCY COUNTER

The Model 560 menu-driven digital multimeter from Simpson Electric Co (Elgin, IL,
(31R) 897-2260) is a 2.5-1b, Z80-based instrument that stores 2150 readings in non-
volatile, battery-backed RAM. The basic unit costs $2195. The 560’s menu interface
simplifies the task of selecting storage parameters for the meter’s readings. The
readings have 5-digit resolution (allowing for 99,999 counts) and a minus sign. A
52-segment bar graph provides real-time voltage and autorange representations that
are independent of the decibels or hertz you’re measuring, so you can simultaneously
take a reading and observe events at the test point in real time.

The DMM features a built-in frequency counter, true-rms ac measurements, fusing
on both current inputs, low-forcing-current and high-forcing-current resistance
ranges, a diode-test function, high-speed autoranging, a zero function that eliminates
lead resistance in readings, digital filtering, a temperature-compensated reference, and
digital calibration. The unit also provides a peak-hold function. You can order the 560
with either an RS-232C serial port or a Centronics-compatible parallel port for
$2395.—J D Mosley

MONOLITHIC OP AMP OPERATES FROM 145V SUPPLIES

Burr Brown’s (Tucson, AZ, (602) 746-1111) OPA445 monolithic op amp operates from
+45V power supplies and provides an output swing of +35V into 5-k(2 loads or
generates as much as 15 mA with a maximum output swing of +28V. The laser-
trimmed part features a maximum 1-mV offset voltage, a 10-uV offset drift, and a
10V/usec slew rate. The company offers the device for $3.80 (100) in either a TO-99
package or an 8-pin DIP with industry-standard op-amp pinouts.—Steven H Leibson
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NEWS BREAKS

SOFTWARE PACKAGE INOCULATES DISKS AGAINST COMPUTER VIRUSES

After one of its computers became infected with a destructive virus program
(sometimes called a Trojan horse program), Sophco Inc (Boulder, CO, (303) 444-1542)
added an inoculation module to its $195 Protec software-protection package for com-
puters running MS-DOS version 3.0 and higher. An engineer at the company had
downloaded a seemingly innocuous program (an X-rated animated graphics program)
from an electronic bulletin board to a computer’s hard disk. That program contained
an infectious module that installed delayed-action routines into executable software on
the hard disk. Later, the routines destroyed the files on the disk.

Protec version 3.2 can safeguard your programs with a protective virus program called
Vaccinate, which you install in your executable files with another program called Syr-
inge. The Protec system also includes a decoy program called Canary that you can use
to test suspect software. You include Canary on a floppy disk along with the dubious
software and run the suspect program. If the Canary program ‘“‘dies” after the suspect
program finishes, you know there’s a virus program on your disk. Sophco has also in-
itiated the Center for Computer Disease Control, which will act as a clearing house for
information about such antisocial software.—Steven H Leibson

NONVOLATILE RAMs REQUIRE NO BACKUP BATTERIES

Selected customers are currently evaluating a promising new development in
semiconductor memories—nonvolatile RAMs. Dubbed ferroelectric RAMs (FRAMS) or
‘“‘shadow’ RAMS, the prototype static-RAM devices from Ramtron Corp (Colorado
Springs, CO) have a 256 x1-bit organization and require no backup batteries. Instead, a
pair of special storage capacitors provides backup for each bit cell. These capacitors
have a thin-film-ceramic dielectric called ‘“‘lead zirconate titanate’” (PZT), whose
bistable polarization allows the indefinite storage of data; you set the polarization state
by applying a 2.5V coercive voltage. The initial product (FMx 801) operates on 5V and
features 100-nsec read and write operations. Products having higher speed and higher
bit density will follow. At present, the company offers the FMx only to qualified
customers as a technology-demonstration vehicle, but it expects to have the product
available for sale during the third quarter of 1988. The company is also developing
nonvolatile dynamic RAMs (based on a l-transistor memory cell) that have capacities
of 256k bits and greater.—Tarlton Fleming

FLASH MEMORIES ALLOW IN-SYSTEM REPROGRAMMING

The 27F64 and 27FR56 64k- and 256Kk-bit flash-memory devices from Intel (Santa
Clara, CA, (800) 548-4725) feature in-circuit electrical erasure and reprogramming.
You program or erase the devices by writing the appropriate command to a control
register and supplying 12V to the programming pin. You program the devices one byte
at a time; an erase command erases the entire memory. Erasing the devices takes less
than 1 sec; reprogramming them takes less than 4 sec. If you hold the programming
pin at 5V, the control register is disabled, allowing normal EPROM read operations.
The 27F64 costs $8; the 27F256 is $19.90 (10,000).—Richard A Quinnell

22 EDN April 28, 1988



The Application Servers

Build your application with Mizar’s new generation
of 32-bit microcomputers.

, r;»;*"" - \'

New standards of VME performance.

Mizar presents a new line of micro-
processors for VME-based applications.
With powerful Motorola 68020 and
68030 CPUs at up to 30 MHz, and the
latest in memory interface and surface
mount technology, Mizar provides the
performance and functionality your
application demands.

Platforms for every application.

Mizar designed its new processors
‘ with the application developer in
. mind. Mizar’s single-height processors
are not only excellent computing
engines, but through Mizar's MXbus™
become uniguely configurable to meet
specific 1/0, memory and processing
needs. MZ 8100 Series single-height
processors can be transformed into
double-height solutions with complete
single-board functionality and perfor-
mance. Similarly, the MZ 7100 Series
of double-height processors provide
all you expect from a single board
computer, and can be tailored with
easy-to-use plug-in modules. With
either solution, you can start develop-
ment today.

Superior memory handling.

Mizar’s engineers have reduced criti-
cal wait-states to zero at 16.7, 20 and
25 MHz in many cases. To enhance
multiprocessor system performance,
Mizar's new on-card memory arbitra-
tion logic frees the CPU during time-
consuming memory operations across
the VMEDbus, allowing concurrent local
processing. And for more demanding
applications, Mizar's 68030 based

MZ 7130 even includes cache options.

Your application demands the latest in
32-bit VME technology. Call Mizar.

1-800-635-0200

Ask for extension 140




NEWS BREAKS: INTERNATIONAL

CAD PACKAGE ALLOWS YOU TO DESIGN AND ORDER RESISTOR NETWORKS

Supplied free of charge on a floppy disk, the Resicalc CAD package from Ericsson
Business Area Components (Granna, Sweden, phone (46) 39011020) allows you to
design your own resistor networks on an IBM PC. The CAD package, which incor-
porates the design rules for the company’s semicustom Erisistor resistor networks,
allows you to design through-hole or surface-mounting SIP (single in-line package)
resistor networks, or networks packaged in leadless chip carriers. For each internal
resistor, you can specify the absolute value, absolute and relative tolerances, absolute
and relative temperature coefficients, and power rating. You then define the leadout
connections for each resistor, and the program automatically tells you whether the
network is manufacturable as an Erisistor product. If your design isn’t feasible, the
program suggests parameters you can change to make it manufacturable. In addition
to providing an instant guide price for the network, Resicalc allows you to dial up the
company’s computer on a toll-free line to obtain accurate pricing and delivery informa-
tion and to place your order.—Peter Harold

CPU CARD PERFORMS 32-BIT DMA TRANSFERS TO VME OR VSB BUS

The FIC8R230 intelligent VME Bus board from Creative Electronic Systems SA (Petit-
Lancy, Switzerland, TLX 421320) is based on a 16- or 24-MHz 68020 uP and a 68881 or
68882 math coprocessor. The board offers an optional DMA controller that can per-
form 16- or 32-bit block data transfers across the VME Bus’s entire 4G-byte addressing
range at data rates as high as 8M bytes/sec. The DMA controller can also transfer
32-bit data over the VSB Bus at data rates in excess of 10M bytes/sec. Another DMA
channel allows you to transfer data to or from an 8-bit I/0 port, which you can con-
figure for a variety of uses (for instance, you can use it as a SCSI port).

The board has 512k bytes or 1M byte of zero-wait-state CMOS static RAM that’s
ported to the 68020 and to the VME Bus, and is ported to the VSB Bus via a DMA chan-
nel. The board also has 128k bytes of local RAM, and it includes space for as much as
128k bytes of EPROM. Four independent 255x32-bit LIFO/FIFO buffers provide the
board with message-passing capabilities. The board’s additional facilities include two
RS-232C serial I1/0 ports, a 16-bit timer/counter, and a real-time clock. The board con-
figuration is software programmable. The FIC8230 costs between $4500 and $6000,
depending on configuration.—Peter Harold

JAPAN KEY TECHNOLOGY CENTER EARMARKS ¥222M FOR RESEARCH

The Japan Key Technology Center, which is responsible for funding technological
developments in the private sector and supporting local information-oriented
businesses, has set aside ¥222 million to fund research in various electronic and
materials technologies. The organization falls under the jurisdiction of both the
Ministry of Posts and Telecommunications (MPT) and the Ministry of International
Trade and Industry (MITI). It has designated ¥77 million for research on amorphous
magnetic materials and electronic devices and ¥145 million for funding experimental
research into high-precision light-detection devices containing superconductive
materials, low-voltage EL displays, infrared-image fiber sensors, color filters for use in
flat LCDs, and equipment that can measure the effects of electrostatic fields on radio
waves.—dJoanne Clay

24 EDN April 28, 1988



There Will Still Be a Few Uses
for Conventional ECL ASICs.

Cold facts: now the highest-density ECL logic array runs at a
cool 1/10 the gate power of competing devices.

Raytheon’s ASIC design expertise
and proprietary technology make
conventional ECL arrays too hot to
handle. The superior performance of
the new CGA70E18 and CGA40E12:
the ECL logic array family with the
highest density and the lowest power
requirement now available.

[J Superior performance: 300 pS
delay and 300 uW (typical gate) power
dissipation deliver the industry’s low-
est speed-power product: <0.1 pJ.
Toggle frequency 1.2 GHz (typical).

EDN April 28, 1988

[J Highest density:
CGAT0EI8 — 12540 equivalent gates
CGA40EI2 — 8001 equivalent gates

[J Lowest power: Industry’s smallest
bipolar transistors result in power dis-
sipation that is a fraction of conven-
tional ECL at comparable propagation
delays. Typical chip power dissipation
of 3W to 5W.

[J Et cetera: Interface TTL, ECL
(10K, I0KH, 100K), ETL. Customer
access to proven, fully integrated
CAD system. Commercial and mili-
tary operating ranges.

CIRCLE NO 90

Call Raytheon for access to the right
ECL technology. We're not blowing
any smoke, and neither should your
system’s performance.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716

Access to the right technology

Raytheon



power splitters
combiners

the world’s largest selection
2KHz to 4.2GHz from $995

With over 150 models, from 2-way to 48-way, 0P 90° and 180? a variety of pin and connector pack-
ages, 50 and 75 ohm, covering 2KHz to 4200MHz, Mini-Circuits offers the world's largest selection of
off-the-shelf power spilitter/combiners. So why compromise your systems design when you can
select the power splitter/combiner that closely matches your specific package and frequency band
requirements at lowest cost and with immediate delivery.

And we will handle your
“‘special’ needs, such as
wider bandwidth, higher
isolation, intermixed
connectors, etc. courteously
with rapid turnaround time.

finding new ways
setting higher standards

. - - -
ni- ircuits
vision of Scientific Components Corporation

P.O.Box 166, Brooklyn New York 11235 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156
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Of course, all units come with
our one-year guarantee.

For detailed specs and performance
data, refer to the MicroWaves Product
Directory, Gold Book, or EEM. Or
contact us for our free 64-page

RF /IF Signal Processing Guide.
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VME LEADERSHIP VIEWPOINT #2

“Quality products
are not made by robots.
They’re made by
- quality people”

, Jack E. Haslup
! Manufacturing Operations Manager
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American electronics companies today face
some serious challenges in manufacturing—the
main one being how to compete successfully with
our offshore rivals. That's why at Motorola we've
taken several radical steps aimed at reaching new
levels of quality and

- manufacturing
efficiency.

O gy

&

A commitment to 6-Sigma quality levels.

Last year, Motorola began working toward
a quality goal of 6 Sigma for all manufacturing,
as part of our Statistical Process Control program.
That translates into a defect rate of 3.4 parts per
million, or an effective yield of 99.99966%. In short,
zero defects. And remember, we're talking about
board-level here, not components.

The move to Just-in-Time manufacturing.

To reach those quality levels, we've under-
gone a revolutionary change in our manufacturing
culture at Motorola, using Just-in-Time techniques.
JIT gives us a discipline for looking at every step
of our manufacturing process, and eliminating
waste. It has already helped us shorten our build
cycle over 80%. Ultimately, we want to be able
to build only those products our customers want.
And ship them the same day they’re ordered.

The right tools for total quality control.

At Motorola, we make what amounts to
custom products, using mass manufacturing
techniques. To track the 78 different products we
build, we've recently installed an on-line Quality
Information System that uses bar code readers
to gather process and quality data. We're evolving
toward a “paperless” factory that experts tell us
is a showcase in the industry.

The necessity of strong manufacturing
for survival.

Quality and manufacturing excellence are
more than just words. They’re essential in today’s
global competitive environment. Which is why
we feel—quite frankly—that only those corporate
cultures focused on quality goals like 6 Sigma will
survive. In fact, any VME board or system vendor
who doesn’t have strong manufacturing isn't really
in this business to stay. That's why we’re always
ready to demonstrate our capabilities. Because we
don’t know of anyone who has a stronger commit-
ment to quality and manufacturing excellence
than Motorola. That's what being the leader means.

MOTOROLA Microcomputer Division

Approaching our technology from your point of view.

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.
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VME/PLUS gives

old on to your seat.

You're about to discover
an entirely new level of VME
performance.

Meet VME/PLUS. Our new
family of VMEDbus products
with a host of sophisticated
features that will

your project the

kind of performance you've
only dreamed about.

VME/PLUS gives you a
choice of microprocessors,
including a 68030 running at
25MHz without wait states.
Complemented by IMB of local
memory. There’s also a new
VSB interface on P2. Which
lets you add lots of local
memory and
[/O without

30

view of your

increasing bus overhead. You
also get two serial ports
and up to 4MB of e
EPROM.

The result
is system
throughput
that’s way
ahead of
anything else in
the VME world.

Think about the possibilities
for real-time applications. For
” the first time, you can

beginning. The newest

squeeze every

= ounce of

~ performance

from every

¥ processor. With
no wasted over-

head. And no stalls.

But that’s only the

EDN April 28, 1988



you a different

member of the VME/PLUS
family, CPU-32, comes with

powerful new real-time,
multitasking monitor called
VMEPROM. It’s resident in

competition.

EPRQM, SO CPU-32 CHARACTERISTICS the best part —
theresnolicense | mocsor - meweroz | lower total
required and ZERQ-WAIT-STATE system cost.
no extra charge. || wesron REALTIME, And if that's
CPU3B2als0 || erou roas OO not enough, we
includes full S byl L AR also offer a full set
support for real- || secouivaus | of off-the-shelf
time operating peripheral boards
systems and UNIX 5.3. and software. All VMEbus
What this new technology compatible. And guaranteed

means for you is unprece-
dented levels of speed and
system throughput, excep-
tional reliability and — here’s

\

to cut the wait states out of
your design cycle.

So if you're looking for the
best way to stay ahead of your
competition and your
deadline, take a

close look at
VME/PLUS.
Call us today at
1(800)BEST *

VME, and ask

for our new
550-page, 1988
data book. You'll get

such a great view of
VME performance,

o
500K

)

C NLE

VME at its best.

FORCE COMPUTERS, INC.

3165 Winchester Blvd., Campbell, CA 95008
Telephone (408) 370-6300

Telefax (408) 374-1146

FORCE COMPUTERS, GmbH
Daimlerstrasse 9 D-8012 Ottobrunn
Telefon (089) 60091-0 Telex 524190 forc-d
Telefax (089) 6 097793

COMPUTERS

you'll never look back.

EDN April 28, 1988

© 1988 Force Computers, Inc.

VME/PLUS is a trademark of Force Computers, Inc. UNIX 5.3 is a trademark of AT&T, Bell Laboratories.
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switch |
on earth
and beyond!

Shooting for the moon?

Our rotary switches have been there
and back. And on almost every NASA

project since the space program began.

We make everything from micro-
miniature rotary selector switches to
totally enclosed explosion-proof
power selector switches, for major
airframe and aerospace contractors all
over the globe.

And, if we don’t have what you need,
we can design and custom build a
switch to your exact specifications.

Even if they're out of this world.

] | L p=t |
Wsn ESOP Corp.

PO. Box 3038, 3111 Winona Avenue
Burbank, CA 91504 (818) 846-1800
TWX 910-498-2701  FAX (818) 842-3396

CIRCLE NO 2

SIGNALS & NOISE

IEEE will survive
its current troubles

In his February 4 editorial (pg 53),
Jon Titus predicted that the IEEE
was facing extinction. Although I
concur with Jon’s observations re-
lating to the IEEE Board of Direc-
tors’ decision on approval voting, I
don’t feel that it spells the end for
the IEEE. The IEEE has survived
for 104 years and will continue to do
so. Whether it has the impact it has
had in the past remains to be seen.
Issues such as portable pensions,
reinstitution of the IRA deduction,
and engineer utilization are still
being worked on by committees of
the IEEE. Unfortunately, all these
efforts by numerous volunteers
have been lost in the miasma of the
Board’s actions. Although I can’t
defend or explain away the Board’s
recent action, I can still recommend
membership in the IEEE.

Paul J Kostek

Boeing Aerospace Co

Seattle, WA

Feerst takes prize

for endurance

Bravo to Jon Titus for his editorial
“The IEEE faces extinction” in the
February 4 issue (pg 53). Verily he
speaks the truth, but who is listen-
ing?

I've been in this business a long
time, but I quit the IEEE in disgust
back in 1967 for the same general
reasons that Jon Titus and Irwin
Feerst state. I've helped the Com-
mittee of Concerned EEs at least
once, but the indifference of my
fellow engineers made it seem hope-
less. Irwin Feerst surely deserves
the prize for patience, endurance,
and faithfulness to his ideals.

Jon Titus is in a position to be a
great help to the working engineer.
I hope that he continues to do so.
Gene D Barber
(A working engineer)

San Diego, CA

“| HAVE AN IDEA WHY WE'VE
HAD SO MUCH DOWN TIME ON
OUR COMPUTERS.”

Single-chip nC

comes Forth

Isn’t it funny how computer lan-
guages expose intolerance in people
(see Robert Johnson’s letter in
EDN, February 18, 1988, pg 34).
Personally, I believe that anyone not
using Fortran on single-chip micros
should be stood up against the
wall . . . . Seriously, though, Steve
Leibson might like to know that
Micromint (Vernon, CT, (203) 871-
6170) sells a Forth chip based on
the Z8.

Peter Hand

PDA Designs Ltd

Portsmouth, England

YOUR TURN

EDN’s Signals and Noise column pro-
vides a forum for readers to express
their opinions on issues raised in the
magazine’s articles or on any topic
that affects the engineering industry.
Send your letters to the Signals and
Noise Editor, 275 Washington St,
Newton, MA 02158. We welcome all
comments, pro or con. All letters must
be signed, but we will withhold your
name upon request. We reserve the
right to edit letters for space and
clarity.

EDN April 28, 1988



100 Vjus GUARANTEED

PMI’'s OP-44 also guarantees a
15 MHz GBW and full power BW

of 1.5 MHz And no compromises

on accuracy. . .

OP-44 HA-2520

TCVos 4 20 uV/°Ctyp
Ayo. 200 10 V/mVmin
Ig 02 200 nA max
CMR 86 80 dB min

The OP-44 is available
now . .. in 883 too. Get the
| high-speed facts from our 12-
| page OP-44 data sheet. Circle
| the reader service number or
call 1-800-843-1515.

Precision Monolithics Inc.
A Bourns Company

Santa Clara, California USA
408-727-9222

PMI

The precision solution.
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Software Performance Analysis, like this distribution of a Step backwards through acquired data, including sub-
subroutine’s execution times, helps you easily understand routines, stack and register models, using time-correlated
the activity of your code. split-screen displays to pinpoint problems.
In every dimension— speed,
channel width, memory
depth, trigger capability,
modularity and ease of
use—the DAS9200 dwarfs
what'’s been possible before.
The DAS9200 features a
tightly coupled, high-speed
architecture in which multiple
card modules can act as a sin-
gle unit. Large colorcoded
displays, pop-up menus,
performance analysis graphs,

R i

-
»i

—

Copyright © 1987, Tektronix, Inc. All rights reserved. LAA-405-1




Multiple Microprocessor Integration

8, 16, or 32 Bit P 8,16, or 32 Bit uP.

Hardware/Software Integration

Digital Hardware | Digital Hardware

and h&gh—speed counter ner
You can monitor and verify all
timing measurements in

a circuit.

Symbolic, real-time soft-
ware debugging. Reg:ster
deduction and stack simulation
let you pinpoint problems like
stack overflow or incorrectly ules to set up split
restored pointers—without displays that scroll
breakpoints or manual notation. ~ timealignment.
160 channels of acqu
tionat2 GHz. Useupto
500 ps sample intervaland

Circle 106 for Literature

Hardware/Software Integration

“MHLHHH”UHH‘
|HH Lt ww

Tektronix

COMMITTED TO EXCELLENCE

Circle 107 for Sales Contact
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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 peripheral interface
devices.

Extend your micro's power.

Many microcomputers rely on parallel I/O ports to
communicate with peripheral 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
i cLoCK
SCK J J
DATAIN ::’:’g‘lfs
DATA OUT ‘I ]
. AD
- PARALLEL
CHIP SELECTS| 1/0 CONVERTER
. /
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/O 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:

68HCO05 Microcomputers
Features 68HCO5C4 68HCO5C8 68HCO5D2 68HCO5D2A
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) 2 vl . %
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 6805 fami-
ly, here it is: they're so easy to prototype with our
Piggyback! 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, CDP68HC05C8 or CDP6SHC05D2.

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 Solid State

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

EDN April 28, 1988

*Trademark of General Electric Company, U.S.A., not connected with the English Company of a similar name.
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Polaroid’s Ultrasonic
Ranging System
opens the door
to new technology.

It can be found in “non-touch”
screen computer monitors, AGV's,
industrial robotics, electronic
games, tape measures, aids for the
disabled, loading docks, collision
avoidance systems for cars, trucks
and pleasure vehicles. And, yes, it
evenopens doors.

The Polaroid Ultrasonic Ranging
Systemis an accurate, highly sensi-
tive way to detect and measure the
presence and distance of objects
from 10.8 inches to 35 feet.

What's more, accuracy, sensitivity
and range can all be improved with
circuit modifications.

Three of a kind. Polaroid offers
three ultrasonic transducers for a
wide variety of applications. You can
choose the original instrument-
grade transducer, proven in millions
of SX-70 Sonar Autofocus cameras.
Orour Environmental Transducer,
available ina sturdy "

housing to with- 4
stand exposure
torain, heat,
cold, salt spray,
chemicals, shock
and vibration. And
now you can select our newest,
smallest transducer, developed for
Polaroid Spectra, the cameraof the
future. Alluse reliable, accurate and
sensitive electrostatic transducer
technology. All are backed by
Polaroid.

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging
System. But now you can get this technology in our Designer’s Kit for only $165+. To order your
Designer’s Kit, please send a check or money order for $165 for each kit, plus all applicable state
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street,
Cambridge, MA 02139. Questions? Call Polaroid’s Applications Engineers at 617-577-4681.

Please send me Designer’s Kit(s).
Please send more information.

Title

Company

Address

City State Zip E POIa rOid

| *Pricing subject to change EDN 042888 “Polaroid”, “SX-70"® “Spectra” ™
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CALENDAR

Pittsburgh Conference on Model-
ing and Simulation, Pittsburgh,
PA. William Vogt or Marlin Mickle,
348 Benedum Engineering Hall,
University of Pittsburgh, Pitts-
burgh, PA 15261. May 5 to 6.

Worst-Case Circuit Analysis (semi-
nar), Washington, DC. Design and
Evaluation, 1000 White Horse Rd,
Suite 304, Voorhees, NJ 08043. (609)
770-0800. May 9 to 11.

Electro/88, Boston, MA. Electronic
Conventions Management, 8110
Airport Blvd, Los Angeles, CA
90045. (800) 421-6816; in CA, (213)
772-2965. May 10 to 12.

EMC Expo, Washington, DC.
Karen Smith, EMC Expo, Box D,
Gainesville, VA 22065. (703) 347-
0030. May 10 to 12.

Analog Applications (seminar),
Chicago, IL. Precision Monolithies
Inc. (800) 843-1515. May 13.

DOD-STD-2167A and DOD-STD-
2168—Defense System Software
Development (seminar), Washing-
ton, DC. David Maibor Associates,
Box 846, Needham, MA 02194. (617)
449-6554. May 16 to 17.

IEEE Custom Integrated Circuits
Conference, Rochester, NY.
Roberta Kaspar, 20 Ledgewood Dr,
Rochester, NY 14615. (716) 865-
7164. May 16 to 19.

Modern Electronic Packaging
(seminar), Minneapolis, MN. Tech-
nology Seminars, Box 487,
Lutherville, MD 21093. (301) 269-
4102. May 17 to 19.

C Programming: Hands-on Work-
shop (short course) Palo Alto, CA.
Integrated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888.
May 17 to 20.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
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MICRO-CAPIL. |

The CAE tool with fully interactive
analog simulation for your PC.

Spectrum Software’s MICRO-CAP 11® is

fast, powerful, and feature rich. This fully

interactive, advanced electronic circuit
analysis program helps engineers speed
through analog problems right at their
own PCs.

MICRO-CAP I, which is based on our origi-

nal MICRO-CAP software, is a field-proven,
second-generation program. But it’s dra-
matically improved.

MICRO-CAP 11 SCHEMATIC EDITOR

Schematic Editor

MICRO-CAP II has faster analysis routines.
Better resolution and color. Larger librar-
ies. All add up to a powerful, cost-effective
CAE tool for your PC.

The program has a sophisticated inte-
grated schematic editor with a pan capa-
bility. Just sketch and analyze. You can step

EDN April 28, 1988

Transient Analysis

component values, and run worst-case
scenarios—all interactively. And a 500-type*
library of standard parts is at your finger-
tips for added flexiblity.

MICRO-CAP II is available for IBM® PCs
and Macintosh.™ The IBM version is CGA,
EGA, and Hercules® compatible and costs
only $895 complete. An evaluation version
is available for $100. Call or write today for
our free brochure and demo disk. We'd like
to tell you more about analog solutions in
the fast lane.

B Integrated schematic editor

B Fast analysis routines

B High-resolution graphic output

B Standard parts library of 500* types
*IBM versions only.

CIRCLE NO 115

M Transient, AC, DC, and FFT routines
B Op-amp and switch models

B Spec-sheet-to model converter*

B Printer and plotter* hard copy

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087

(408) 738-4387

MICRO-CAP 11 is a registered trademark

of Spectrum Software.

Macintosh is a trademark of McIntosh Laboratory, Inc
and is being used with express permission of its owner.
Hercules is a registered trademark

of Hercules Computer Technology

IBM is a registered trademark
of International Business Machines, Inc
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Build Custom Industrial Controllers
In Just A Few Days

The DEIBI™ system hardware modules and industrial
BASIC language provides quick and easy solutions for
measurement and control applications.

Features:

(] Analog and Digital Signal Handling
[0 Control Panel Operations

[J Real Time Operations

[0 Time Scheduled Operations

O Full Function Math

(] Direct Floating Point with I/O

Data Communications

Excellent Program Readability
Formattable Reporting

No Binary or Machine Language
OEM Applications

R EEEREE

Typical DEIBI systems are shown on
the left. An RTD motor temperature
monitor/alarm system, a peak load
controller with custom mounting
and a soot blower control panel with
VDT readout.

Send for our full color
brochure and product
catalogue.

DIGITAL ENGINEERING INC.

1186 Russell Street
Thunder Bay, Ontario
Canada P7B 5N2
Tel: (807) 623-3700
Fax: (807) 623-6398
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| DID YOU KNOW?

EDN serves
electronic engineers and
engineering managers in more than
100 countries worldwide.

EDIN

CALENDAR

vices (seminar), Denver, CO. Micro
Systems Institute, 73 Institute Rd,
Garnett, KS 66032. (800) 247-5239;
in KS, (913) 898-4695. May 17 to 20.

California Computer and Graph-
ics Show, Palo Alto, CA. Norm De
Nardi Enterprises, 289 S San Anto-
nio Rd, #204, Los Altos, CA 94022.
May 19.

DOD-STD-2167A and DOD-STD-
2168—Defense System Software
Development (seminar), Boston,
MA. David Maibor Associates, Box
846, Needham, MA 02194. (617) 449-
6554. May 19 to 20.

DOD-STD-2167A and DOD-STD-
2168—Defense System Software
Development (seminar), Orlando,
FL. David Maibor Associates, Box
846, Needham, MA 02194. (617) 449-
6554. May 23 to 24.

31st Annual Instrument Society of
America Power Symposium, St Pe-
tersburg, FL. Bill Blazier, Illinois
Power Co, 500 S 27th St, Decatur,
IL 62525. (217) 424-6622. May 23
to 25.

Society for Information Display
International Symposium, Ana-
heim, CA. Palisades Institute for
Research Services, 201 Varick St,
Rm 1140, New York, NY 10014.
(212) 620-3388. May 23 to 27.

C Programming: Hands-on Work-
shop (short course), Washington,
DC. Integrated Computer Systems,
Box 3614, Culver City, CA 90231.
(800) 421-8166; in CA, (213) 417-
8888. May 24 to 27.

Troubleshooting Microprocessor-
Based Equipment and Digital De-
vices (seminar), Kansas City, MO.
Micro Systems Institute, 73 Insti-
tute Rd, Garnett, KS 66032. (800)
247-5239; in KS, (913) 898-4695. May
24 to 27.

EDN April 28, 1988



© 1988 Quality Technologies Corporation
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How much does
a twenty-cent coupler
really cost?

What you're buying with a 20¢ coupler isn't
justa part. It's an insurance policy. You don't
e think about it until it fails, then you're out a

lot more than 20¢. That's why as General Instrument we
reduced our defect rate to fewer than 50 ppm. And
now, as Quality Technologies we maintain that standard
on our complete line of optocouplers. To provide smoother
production and better performance. So, if the question
is where to find quality optocouplers, the answer is
Quality Technologies. (800) LED-OPTO.

QUALITY
TECHNOLOGIES

Quality is always the answer.
SEE US AT ELECTRO, BOOTH #3018
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50000 Gates
At 0.7 Nanoseconds.

Toshiba’s process technology has available in 5 base arrays with usable gates
made us the world’s leading supplier of from 15,000 to 50,000.
CMOS devices. From this experience This new family is compatible

comes the capability to build a 50,000 with Toshiba’s existing channelled array
gate ASIC. families, using

And TOSHIBA. THE POWER IN GATE ARRAYS. C Ompatible

from Toshiba’s SEAOF macrocell
3 MICRON 2MICRON 1.5 MICRON GATES g e
manufactur- CHANNELLED | CHANNELLED | CHANNELLED | COMPACTED libraries
) ARRAY ARRAY ARRAY ARRAY™
ing capa- and CAD
oo e TC19G 3
bllltles comes SERIES TCI15G TC17G C1 TCI110G SOh are.
the volume | o ®s | me | ww | s If you
prOdUCtlon to DESIGN RULE 3pm 2pm 1.5pm 1.5pm are Worklng
meet your on advanced
G SPEED 2.5ns .5ns .Ons 0.7ns

smallest or ik ; : products — or
greatest needs. | parrNos 6 9 5 5 working to

The§e AVAILABILITY NOW NOW NOW NOW advance exist-
new Toshiba All Si-Gate CMOS double | b S d demark of LS) e products :

i oul tal. s ted Array is a tr: Logic Co ion. .

(‘Sea Of Gates” ate [ ayer meta mpac © y 1S a trademark Ol glC rporatlon talk to Toshlba

Compacted Arrays” provide high packing ~ at one of our conveniently located
density for more effective silicon utiliza- Design Centers. We're leading the way.
tion and ultra-high speed. And they are TToshiba. The power in gate arrays.

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 737-9844; SOUTHWESTERN
REGION, Toshiba America, Inc., (714) 259-0368; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT OFFICE, Fishkill, New
York, Toshiba America, Inc., (914) 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; ARIZONA, Summit Sales,
(602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 346-6331; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, (714) 957-3367, (San
Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; FLORIDA, Sales Engineering Concepts,
(305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz, (314) 966-4977;
INDIANA, Leslie M. DeVoe Company, (317) 842-3245; I0WA, C.H. Horn, (319) 393-8703; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; LOUISIANA, MIL-REP Associates,
(713) 444-2557; MAINE, Datcom, Inc., (617) 891-4600; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594;
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RAM & ROM Memory
In CMOS ASICs.

Now add custom-built memory to
your standard cell designs. Add ROM in

various word and bit combinations up to

16 kbits. Add RAM in word

for the manufacturing strength that
means unmatched production capability.
For complete details, call your

Regional Sales Manager

and bit configurations up to | merowerinstaNDarpceus. | at one of Toshiba’s Regional
4 kbits. SERIES rcusc |teusc | Sales Offices:

Based on Toshiba’s pro- [ e Max. 1k | Max. 1ok | NORTHWESTERN: San Jose,

prietary 2-micron, double- ~—— R e . (83&%03) 244:1?150& i

. WES : Newport
metal CM(?(Si process, this CADI | CADIA | Bot CA (714) 752.0373.
nevy ser1e§ O GYIC.CS 1S COIM~ | pgsiGN 2.0pm 2.0 um NORTH CENTRAL: Chicago,
patible with existingand  |RULE IL (312) 945-1500.
future Toshiba standard cell | speep L.5ns 1.5ns SOUTH CENTRAL: Dallas,
and gate array families. MACRO tcnc | tcuse | 1X (214) 480-0470.

These advanced de- FUNCTIONS | Gate Array | MACRO, NORTHEASTERN:
vices integrate up to 10,000 G | Rama Bmg(tgﬁ’)
gate equivalents with typical Fonetiora 272.435).
speeds of 1.5 nanoseconds Mo J SOUTH-
for a loaded 2-input/2-output ¥ EASTERN:
N AND gate‘ AVAILABILITY | NOW NOW Atlanta, G A

Lo Ok to TOShiba for All Si-Gate CMOS double layer metal. @ ¥ 4 £ (404) 493-4401.

the newest advances in custom LSIs and

TOSHIBA AMERICA, INC.

MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; NEVADA, Eirepco, Inc., (415) 962-0660;
NEBRASKA, D.L E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology, (201) 947-0151; NEW MEXICO, Summit

Sales, (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pi-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA,
Electric Component Sales, (612) 933-2594; OHIO0, Steffen & Associates, (216) 461-8333; 5419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731; OREGON, Components West, (503) 684-1671;
PENNSYLVANIA, Nexus Technology, (215) 675-9600, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE, Montgomery Marketing, Inc., (205) 830-0498; TEXAS, MIL-REP
Associates, (512) 346-6331, (713) 444-2557, (214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; WEST VIRGINIA, Steffen & Associates, (419) 884-2313;
WASHINGTON, Components West, (206) 885-5880, (509) 922-2412, WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube Associates Mountain States, Inc.,
(303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452.
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It’s really quite simple: others offer you a Compare that with the infuriating alterna-
product, we offer a company. And a Wh tives: transoceanic phone calls and
commitment. cables, garbled facts and data, and

unfulfilled next-day promises.

It's also simple to prove. Next time g [
the rep who fills your miniature lamp vou II 'Ind VCH looks at commitment as much
needs is in, ask him for performance more than a management buzz-
data, too. Or a competitive analysis, or word. We’re putting a new plant,
quarterly product auditand reliability test “s to he an eager staff, and considerable re-
data. Or a legacy of excellence like sources where our mouth is. All this
we began with Chicago Miniature. shows our dedication to the propo-
You get the idea. VCH not only has lhe beacon sition that...nobody is going to
these capabilities and credentials, out-service us. Nobody.
but we can provide them to you Eman VCH...Three letters that stand
in this country. If you need help, o mlnlal“re for a whole new level in mini-
VCH will send a specialist who ature lamp performance. We've
rewritten the industry standards

talks your language and can be avail-
able in a few hours for design engineer- am s before, with Chicago Miniature. Now
ing assistance or applications advice. [£4 we’re ready to do it again.

We're

out to he
the heacon
of miniature
lamps.
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INTERNATIONAL

CHICAGO MINIATURE BRAND

Buffalo Grove, IL » 312-459-3400




People have been talking
about optical drives for years.

But have you ever actually seen
one work?

Well, now you can.

Because while others were
talking about optical drives and

solutions, Maxtor was devel-
oping them. And now we're
shipping our 800MB 5}4-inch
optical WORM drive in volume.
It’s the first in our family of

optical drives. And it’s perfect
for high-volume back-up,
image or archival storage.

o It’s offered with a full com-

plement of integration software
and hardware, including media,
cable and host adapter. Or it’s
available as a fully-configured
plug-and-play mass storage
subsystem.
Either way, it’s fully compatible
with most popular computers.
So don't wait to make optical
drives a reality for your system.
Contact the Maxtor distributor
or sales office listed below for
complete technical
and ordering infor-
mation.
Because
seeing is
believing.

Magor

Sales offices: Atlanta (404) 455-4226, Austin (512) 345-2742, Boston (617) 872-8556, New Jersey (201) 747-7337,
Orange County (714) 472-2344, San Jose (408) 435-7884, Woking, England (44)/4862-29814, Tokyo, Japan 81-3-431-8940.

Distributed by Anthem Electronics, (714) 768-4444, (408 295-4200, (617) 657-5170, Future Electronics, (514) 694-7710, Pioneer Standard Electronics, Inc., (216) 587-3600,
(301) 921-0660, Quality Components, Inc., (214) 733-4300, Storex Corporation, (617) 769-3400, Storage Dimensions, Inc., (408) 395-2688.
© 1987 Maxtor Corporation
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EDITORIAL

Trouble in the Pacific

There’s a formula somewhere that measures a country’s strength by
examining its economy, social structure, and political system.
Unfortunately, recent newspaper and magazine reports from Pacif-
ic-rim countries emphasize economic strengths while ignoring polit-
ical and social problems. If we are going to make decisions about the
electronic industry’s future, however, it’s worth looking beneath the
veneer of economics.

Among the Pacific-rim countries, Japan stands out as an economic
power for others to emulate. Yet for all its economic strength, Japan
has little global political stature and feels reluctant to undertake
defense tasks in the northern Pacific. It’s quite likely that in a
confrontation between the USA and the USSR, Japan would retreat
into isolationism and refuse to involve itself. Military and political
strength cuts both ways. Memories of World War II haunt nearby
countries that see little good in a strong Japan.

Japan faces other problems as well. For example, it confronts a
lack of long-term-care facilities for older people, who are making up
more and more of the population. And although it’s not frequently
reported, Japan also must cope with growing unemployment and
the loss of heavy-industry jobs.

Korea, too, has problems. The Koreans spend heavily on defense,
primarily to guard against attack from North Korea. Keep in mind
that a state of war still exists between the two countries. South
Korea’s defense has worked for over 35 years, but much of it
depends on a continuing US military presence. Future US Con-
gresses may be reluctant to continue aiding a nation that adopts
rigid protectionist trade policies. Korea must also deal with internal
unrest brought about by radicals and moderates who want to
overthrow or change the government.

And consider Taiwan, the Republic of China (ROC), which still
lays claim to mainland China. The republic has no chance of retaking
the mainland, but authorities consider any realistic talk about a
separate and independent Taiwan to be seditious. The archaic
Koumintang government still contains members—elected in 1947—
who “represent” mainland provinces. Although both mainland
China and the republic desire reunification, each has its own
irreconcilable terms. The ROC also has internal problems. Only
about 15% of Taiwan’s population is from mainland China, yet those
people dominate the country’s government. The native Taiwanese
want a greater say in their own affairs, but don’t expect to see great
upheavals in Taiwan unless mainland China presses for reunification
at all costs.

The future of Hong Kong, which will revert to mainland China—
the People’s Republic of China (PRC)—in 1997, remains in doubt.
Companies must wonder about their local investments in Hong
Kong and how those investments will fare under PRC masters. The
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We’ve heen delivering high accuracy
multifunction calibrators for 2 years
... others are still making promises!

While others have been Integral 1kV range to 33kHz —
promising, we've been delivering. no need for an add-on unit to
While others have been dealing in getausable 1kV range!

‘futures’, we've been providing Autocal — traceable electronic
solutions. calibration.

The Datron Instruments Plus — Resistance, DCl and ACI
4700 series of high accuracy Functions with IEEE-488.

multifunction calibrators is a

. : And those are just the
reality and can give your

specifications for the 4707

laboratory these levels of Multifunction Standard. The
performance now, with no versatile 4700 and 4705 models
delivery hassle: also provide superior value and
DCV -10nVto 1kV, 90 day performance levels specifically
accuracy to 2.5ppm. suited to your application needs:
ACV -100nV to 1kV, 10Hz to IMHz, Remember, you can'’t

90 day accuracy to 80ppm. calibrate with a promise.

SEE US AT THE ELECTRO SHOW BOOTH #s 322 & 324
48 CIRCLE NO 122

For more information or to
arrange areal-time demo or
evaluation of a real calibrator
contact:

United States:
San Diego, Cal.(619) 565-9234
Clearwater, Fl. (813) 797-1792
Beech Grove, Ind.(317) 787-3915
Suffern, N.Y. (914) 357-5544
United Kingdom:

Norwich (0603) 404824

A WAVETEK COMPANY @z
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EDITORIAL

British refuse to discuss adopting direct representative elections—a
measure that might forestall the complete PRC domination of Hong
Kong’s laissez-faire economy. It’s unlikely that the new Chinese
leaders will destroy Hong Kong’s economy, but they offer only
vague promises of future economic and political flexibility. So,
money and people from Hong Kong are already departing for
Canada and the US. Labor is still plentiful and somewhat cheap in
Hong Kong, but even more laborers are available at lower rates in
mainland China. Once China and Hong Kong are unified, the latter
may offer few new business advantages.

The fate of the Philippines also remains unknown. Corazon
Aquino’s “revolution” has just about run its course. Political assassi-
nations, kidnappings, and rebel activities once again overshadow
attempts at government reform. Peace talks between the govern-
ment and communist and Muslim rebels have broken down, and a
renewed commitment to US military facilities is in doubt. ;

Malaysia and Singapore—important manufacturing locations—
form the southern end of the Pacific’s economic rim. In Malaysia,
the prime minister detains people and suspends the publication of
newspapers for “disturbing the racial peace.” Ethnic Chinese and
Indians—among the most important economic segments of the
population—remain restive. In Singapore, prime minister Lee
Kuan Yew has prevented the distribution of several publications
that refuse to bow to his censorship. Companies with significant
investments in microcode should note that Lee recently suspended
copyright protection for several publications. It could happen for bit
patterns, too.

All nations and governments have their share of problems, and
the events and situations noted above don’t portend the demise of
the Pacific-rim nations. But companies that rely upon Pacific-rim
countries either as suppliers or for markets must consider the
long-term stability of the region. After all, Iran was once a tower of
strength and our foremost ally in the Persian Gulf. How quickly
events sweep away preconceived notions of stability.

s

Jon Titus
Editor
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Instant Grat

GO ahead. Indulge yourself And say hello to BUSTER. The
first user-configurable MPU peripheral. And the fastest and easiest
way yet to get your proprietary design from concept to silicon.

Finally there's a way to get the off-the-shelf convenience
of TTL.Without dealing with acres of board space.

In fact, with BUSTER you'll get the performance and single
chip advantages of ASICs. While avoiding the painful NRE, long
development cycles and inventory burdens.

You can program BUSTER for almost any peripheral
function you can name. Counter/timers, data converters,
configurable 1/0 ports, data communication transceivers and
lots more.

And it'll work perfectly with just about any MPU. Including
8,16 and 32 bit parts from Intel, Motorola, National, Zilog and
others. Even when they re running at 25 MHz with no wait states.

BUSTER's amazingly flexible. It combines a fast, bus
organized architecture with a powerful 20 macrocell CMOS EPLD.
Giving you 52 register bits, an 8 bit 1/0, cascadable to greater
widths, a 24 mA bus port and a long list of other features. More than
enough, in fact, to give you plenty of performance and functions
for almost any application. Including those using the IBM Micro
Channel bus or MIL-STD-1750A processors.

Best of all, you make it happen — concept to silicon — in
hours. Not days or weeks. All you need is your PC and our powerful
A+PLUS software and development system. You'll enter your
design using macrofunctions based on over 100 TTL devices. And
you'll program your parts in minutes. It's about as close as you
can get to instant gratification.

So find out how BUSTER can help make short work of
your peripheral designs. Call us today for data sheets or more
information.

You'll be gratified you did.

Call (408) 984-2800.

JAITERAN

3525 Monroe Street
Santa Clara, CA 95051

© 1987 ALTERA CORPORATION.
BUSTER and A+PLUS are trademarks of Altera Corporation. IBM and Micro Channel
are registered trademarks of Inter ional Busi hines Co: i

P
Distributed in U.S. by Alliance, Pioneer, Quality Components, Schweber, Wyle and
Hall-Mark. In Canada, distributed by Future and Semad.
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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 1’2 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
a 2Vinput signal. 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 :
CA3304AE 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
CDPB8HCE8A2E 10 10K 15 16
DAC

e T T | 100 |
OP AMP UGBW Hz Slew Rate (X10) lour MA Pkg Leads
(CA3450E | 200v [ soowusec | +75 S

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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As the demand for space-saving devices grows throughout
the electronic industry, the designer is faced with specify-
ing smaller and smaller components without sacrificing
quality or reliability.

For the designer, the logical choice in space-saving,
versatile connectors is the Micro-Mate® **“M”* Series .050"
connector from AirBorn. Providing as much as 75% reduc-
tion in area requirements, the Micro-Mate is suitable for a
wide variety of applications. Weapon guidance and control
systems, military computers, communication and naviga-
tion systems, radar, electronic warfare, avionics, electro-
optics and submarine systems are just a partial list.

The *“M”’ Series is on the Qualified Products List with
a military specification number of MIL-C-83513/1 through
9. Besides conforming to military specifications, other fea-
tures include high density, high reliability, electroless
Nickel shells for space applications, and AirBorn’s reputa-
tion for high quality. Available in metal or plastic, rugged
or low-profile, I/O or board-mounted versions, the Micro-
Mate comes in the following sizes, with others available
upon request from the factory.

(ol oy /G0t aofl atpud

1-row up to 120 contacts

2-Tow 9-, 15-, 21-, 25-, 31-, or 37 contacts
3-row 51 contacts

4-row 100 contacts

The Micro-Mate features low force pin contacts with half

the maximum insertion force of a typical twist pin design.

CIRCLE NO 119

AirBorn is a leader in supplying custom interconnect
solutions (PWB mount, surface mount, EMI/RFI shielding,
etc.) in the military electronic market based upon years of
expertise, innovation, quality technology and customer
service.

® “M” Series
For pricing, design criteria and delivery information
on the “*“M’” Series Micro-Mate, call the ““M”’" Series
HOTLINE at 512-863-0500.

e Other Products
For information on AirBorn’s .075” ““R’’ Series con-
nectors or Airborn’s .100” ““W”* Series connectors,
call the R’ and *“W"’ Series HOTLINE at
214-931-2800.

The designer who wants the most effective solution
for space-saving interconnect requirements will choose
AirBorn’s Micro-Mate.

" n lll
l' it ll ”lﬂll mm
4321 AirBorn Drive

P.O. Box 519
Addison, Texas 75001
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TECHNOLOGY UPDATE

Sophisticated hardware and software
beget efficient machine-vision systems

J D Mosley, Regional Editor

Because of recent developments in
machine-vision technology, you no
longer need a lot of specialized
knowledge to develop vision sys-
tems that let machines search for
and differentiate among patterns.
You can now choose from an assort-
ment of systems, subsystems,
boards, and software packages that
let machines efficiently perform
such real-world tasks as examining
ICs for defects or scanning products
on conveyor belts.

Your choice of machine-vision
equipment depends on your applica-
tion and the amount of money you
have to spend: The available prod-
ucts range from expensive, stand-
alone vision systems that you can
integrate in production equipment,
to moderately priced boards for
workstations or personal comput-
ers, to sophisticated software algo-
rithms that let you create custom-
ized vision systems with standard
hardware.

Using radar, infrared, and image-
enhancement techniques, state-of-
the-art machine-vision systems can
literally see in the dark or identify
microscopic imperfections in a sur-
face. By using sophisticated pat-
tern-recognition algorithms based
on artificial-intelligence (AI) para-
digms, the systems can identify and
analyze images in such applications
as government surveillance, semi-
conductor inspection, film coloriza-
tion, and robot guidance.

Recognition Technology, a West-
borough, MA, image-processing
company, describes machine vision
as a cycle that begins with image
acquisition, proceeds to image stor-
age, then continues with image en-
hancement, feature extraction, data
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In darkness or over long distances, machines can “see” better than humans by combining
a variety of sensor data obtained from a single scene. Visual Information Technologies’ Model
120 uses four Parallel Image Processors (Pips) to perform parallel operations on multispect-
ral data. The operations shown are visual with edge enhancement (top left), infrared (top
right), radar (bottom left), and all three operations fused by the windowing and overlay
operations (bottom right). (Visual data courtesy Hughes Aircraft)

reduction, recognition and decision
making, and further data reduction.
The cycle then repeats. Current ma-
chine-vision systems can perform
the steps of this cycle fairly well, but
they can’t always perform them in
real time. For example, in 1984, a
robot called Neptune used a vision
system to negotiate an obstacle-
strewn 35-ft room at Carnegie Mel-
lon University—but it took more
than an hour to do so.

Consider the challenge of pro-
cessing and analyzing the visual in-
formation contained in a 2-dimen-
sional television picture, in which
more than one million pixels change
thirty times a second. Adding the
third dimension further complicates
the analysis. In computer terms—

according to Cognex Corp, a manu-
facturer of machine-vision systems
—the human brain performs ap-
proximately 100 billion logical float-
ing-point operations per second
(flops) just to see objects and deter-
mine what they are. That perfor-
mance is 400 times that of a Cray-1
supercomputer.

Al simplifies the task

Although you can’t yet provide a
machine with vision equivalent to
human sight, you can focus the pres-
ent technology to perform useful
operations by limiting the scope of
each specific vision task. For exam-
ple, Cognex Corp uses artificial-in-
telligence (AI) techniques to modify
a vision procedure that the company
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DRAMATIC!

Now...Highest speeds AND production...
60/70/80ns 1Mb AND 256K DRAMS...

Exclusively from NMB Semiconductor - the high speed DRAM
specialist - we've broken the speed barrier with FutureFast™ 256K
and 1Mb DRAMS.. first with access times of 60/70/80ns. This
means designers can now have true "0" wait state systems without
using complex, expensive cache memory techniques.

We've broken the delivery barrier too. NMBS offers much
higher volume production than our competitors. These
dramatic advances are made possible in the most advanced
CMOS/VLSI plant in the world optimized for volume production
of high speed DRAMS. With computerized operation and robot
control in Class 1 ultra-clean rooms. Plus state-of-the-art
design, processing and testing.

Product Line Summary
Serles* Access Time  Organization Package** Availability
AAA2800 60/70/80 256Kx1 P-DIP Production

256K (ns) PLCC Production
C-DIP Production

AAATM100  100/120 256Kx4 P-DIP Production
1Mb (ns) 1Mbx1 SOJ Production
ZIP Production

AAA1M200  60/70/80 256Kx4 P-DIP 2Q88
1Mb (ns) 1Mbx1 SOJ 2088
ZIP 2088

Available in the packages and organizations
designers want for high performance projects.

More good news. We're now shipping
qualification samples of our new 1Mb DRAM.

So for complete specs, evaluation units,
quantity prices and delivery call NMBS - the
high speed DRAM specialists - today. Prove
to yourself that with FutureFast™ DRAMS,
your future is now.

NMB SEMICONDUCTOR

CORPORATION

11621 Monarch Street*Garden Grove, CA 92641
Telephone: (714) 897-6272
FAX: (714) 891-0895-TLX: 67-8486




TECHNOLOGY UPDATE

refers to as “searching.” Instead of
resorting to intensive calculations to
compare a stored image with a sam-
ple image—a process called “tem-
plate matching”—Cognex scans the
sample image at low resolution and
uses Al-based algorithms to make
intelligent guesses about where ob-
jects should be within the image.
This searching technique can give a
single pc board an equivalent
throughput rate that’s 30 times fast-
er than that of a Cray-1 performing
traditional template-matching cal-
culations at its maximum speed,
1000 MIPS.

The company’s latest product, the
Cognex 1500, is a $10,000 subsys-
tem that can analyze the input from
as many as four video cameras to
locate objects and determine their
positions. The 1500 was specifically
designed to address the needs of
OEMs and system integrators that
design automated equipment for pec-
board production, machine guid-
ance, and alignment. The Cognex
1500 includes a rack-mountable
chassis, a solid-state video camera,
a monochrome video monitor, a
trackball, cables, software, and doc-
umentation. You must supply an
IBM PC to control the system via an
RS-232C connection. The software’s
pull-down menus let you access the
1500’s set of 25 instructions. You use
the trackball to manipulate the
cursor and to select commands, ob-
jects, and search regions.

The 1500 uses gray-scale pattern
matching to locate objects and fea-
tures in a scene. This method is
more flexible and consistent than
binary pattern-matching tech-
niques, and it provides accuracy of
better than +0.001 in. It helps the
1500 achieve processing times rang-
ing from 0.050 to 0.500 sec, depend-
ing on the desired accuracy, object
size, and scene complexity. In addi-
tion, the embedded image-analysis
algorithms let the 1500 identify the
correct pattern even when the
image is degraded, or when changes
in color, reflectance, orientation, or
contrast occur. Even a poorly fo-
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Able to overcome such real-world problems
as a defocused lens or reduced contrast
caused by poor lighting, a $10,000 (OEM)
Cognex 1500 starter kit includes an electron-
ics module, a video camera, a lens kit, a
monitor, a trackball, cables, and documenta-
tion. You supply the PC host, which commu-
nicates with the 1500’s electronics module via
an RS-232C link.

cused lens will not prevent the sys-
tem from correctly identifying a
pattern; however, the company does
note a reduction in image quality on
a 1000-part scale.

The correlation values produced
by the gray-level pattern-recogni-
tion technique are statistically nor-
malized for image gain and offset.
Thus, the technique is insensitive to
variations in light intensity and con-
trast even within a single image.
Placing a colored filter over a por-
tion of the object won’t prevent the
Cognex device from identifying the
object.

The 1500 identifies the x and y
coordinates of the pattern, and it
comes with calibration software
that translates the visual data on
the screen into the corresponding
real-world units of measure. It can
thus permit a robot to reposition
misaligned objects. The 1500’s vi-
sion-processor board includes a
12-MHz MC68000 wP, an image dig-
itizer with a resolution of 576x448
pixels and with 64 gray levels, as
much as 2M bytes of dynamic RAM,
a 512k-byte ROM, 128k bytes of
battery-backed CMOS RAM, and a
proprietary vision coprocessor that

implements pattern matching in
hardware. This proprietary vision
IC is a custom circuit that interprets
images through gray-scale norma-
lized correlation; it interfaces to any
68000-family CPU. The 1.5-pm
CMOS chip can perform normalized
correlation three times faster than a
board-level circuit, yet costs one-
tenth as much.

For designers who want more ex-
tensive vision capabilities, the com-
pany also offers the Cognex 2000/DS
vision-development system, which
lets you write custom application
programs in C on your IBM PC or
compatible computer. As soon as
you have debugged an application
program, you can download it to a
floppy disk or burn it into EPROMs
to transfer full control to the 2000/
DS. You need the PC only for edit-
ing, program development, and
downloading.

The 2000/DS performs the same
functions as the 1500, but adds
image processing to manipulate its
output, as well as development ac-
cess to C function calls and pro-
gramming utilities. The 19-in., fan-
cooled, rack-mountable chassis
contains a single-board vision proc-
essor (the chassis has slots for as
many as four vision-processor
boards), a card-cage/backplane as-
sembly, a power supply, an 800k-
byte floppy-disk drive, three RS-
232C ports, six TTL digital-input
ports, four TTL digital-output
ports, and a 64-byte I/O expansion
port. The 2000/DS also comes with a
12-in. monitor, a trackball, cables, a
solid-state camera, system software
and utilities, searching software,
character-recognition software, in-
spection software, a communica-
tions program, and a text editor.

Adaptive automation meets Mac

Another challenge that develop-
ers of machine-vision systems face is
that of allowing systems to adapt to
changes in their environment. To
enable machines to react to changes
in industrial surroundings and to
adjust to variations in parts, manu-
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facturing processes, object location,
and equipment speed, Automatix
Inc combines standard sensors and
controllers with application-specific
software to create a variety of
“adaptive automation” systems.
Automatix, which has already in-
stalled more than 1000 of these sys-
tems, offers a broad line of machine-
vision products. Microspec, for
example, is a $100,000 SMD-inspec-
tion system that examines pe boards
for missing, misplaced, or incorrect-
ly oriented components. Partracker
is a software package that locates
parts and solves fixturing and fit-up

problems prior to robot manipula-
tion; Seam Tracker is a vision-
guided welding system. The firm
also offers AI 90, an $8500 rugged-
ized Macintosh II-compatible com-
puter for industrial applications,
and Autovision 3, a $17,500 menu-
driven vision and robot-guidance
system. Every customer that pur-
chases an Automatix product re-
ceives membership in Acuity, an in-
ternational user group for industrial
vision systems.

Central to the Automatix concept
of adaptive automation is the Rail
programming language. This pro-

prietary interpretive language is
written in C and is designed for
vision processing, high-speed calcu-
lations, and robotic control. It in-
cludes algorithms for edge detec-
tion, gray-scale gradient detection,
convolution filtering, structured
light analysis, and connectivity
analysis. With this language, your
system can control as many as 16
cameras. The interpreter includes
diagnostic software. Rail comes
with all Autovision systems; you can
order the source code under a spe-
cial licensing agreement.

For $23,000, you can also order

Neural networks help a system learn to see

Machine-vision systems represent an attempt to
give machines an analog to human vision that ro-
bots and other types of computer systems can use.
To improve the way machines understand and use
this sensory data, engineers are using an artificial-
intelligence technology called neural networks.

Neural networks are intended to emulate human
learning patterns; they contain loosely coupled pro-
cessing elements, or nodes, that compute activity
locally and share those computations with other
nodes according to a weighted transfer function.
Their goal is to mimic the way human brain cells
exchange information and to mimic the way the
brain weights the information transfer among brain
cells.

Nestor Ine, which was founded in 1975, is re-
portedly the oldest of the neural-network compa-
nies. The company has adapted this parallel-proc-
essing-oriented technology for use with
serial-processing von Neumann hardware—specifi-
cally with IBM PC/ATs, Sun workstations, and
Apollo workstations. The $25,000 Nestor Develop-
ment System (NDS) uses neural-network technolo-
gy to solve a wide variety of pattern-recognition
problems. To use the system, you need a PC/AT or
Sun or Apollo workstation with at least a 1.2M-
byte floppy-disk drive, 640k bytes of RAM, and a
20M-byte hard-disk drive. If you use a PC/AT, you
must have an EGA- or VGA-compatible interface
and monitor, MS-DOS 3.0 or higher, a Microsoft C
compiler (version 4.0 or higher), and a Microsoft
mouse. You must use C for software development
—all of the NDS code is written in C, although
portions of the training program and the code de-
seribed in the tutorial are supplied by the manufac-

turer as source code.

The resulting system generates a Restricted
Coulomb Energy (RCE) neural network. The net-
work develops weighted pattern maps, solving cat-
egorization problems by assigning probability esti-
mates of complex relationships to the relevant
variables. The RCE network is a patented model
that uses three processing layers. The input layer
has nodes that register the value of a feature of
the input. The output layer has nodes that corre-
spond to a pattern category; the fewer the output
nodes triggered by a certain input, the less ambig-
uous the input and the greater the certainty about
a pattern’s identity. The internal layer of nodes
constructs the mapping that will trigger the cor-
rect output node in response to a given input pat-
tern. The network “learns” by adjusting internal-
node thresholds with training signals that move
from the output layer back into the internal layer.

In an RCE network, memory is stored in weight
vectors between the input layer and the internal
layer. Training affects only areas of the memory
associated with local vectors, therefore. According-
ly, Nestor’s RCE network lets you add new infor-
mation without retraining the entire system; you
address only the nodes associated with a particular
vector threshold.

To use the Nestor Development System, you
must write a feature-extractor program. The com-
pany provides examples of feature extractors in C
source code. You then train the system by present-
ing it with a series of classified patterns; the sys-
tem batch processes the patterns and uses them to
define the system architecture and to store the
training/testing protocol.
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the Automatix Lab Development
Package, which is based on the
Autovision 3 and includes a CCD
camera, cables, lenses, Rail, two
floppy-disk drives, a 12-in. CRT, a
keyboard, and manuals. The pack-
age comes with an assortment of
software, including a menu-driven
visual gauging system, a program
that increases the speed of selected
connectivity calculations, a program
that identifies parts by their silhou-
ettes, a program that uses convolu-
tion operations to locate and analyze
edges and lines, a program that
calculates and compares gray-scale
averages and histograms, and a pro-
gram that performs arithmetic and
logical operations on the contents of
pixel buffers.

Image processing gets smart

If you don’t want to spend the
money for a programmable vision
system, you might be able to get
away with using an image-process-
ing system instead. Image process-
ing is only a subset of the complex
task of machine vision, but vendors
have recently introduced some
more-advanced image-processing
systems that may be able to take
the place of full-fledged vision sys-
tems in certain applications. For ex-
ample, Visual Information Techno-
logies Inc (Vitec) offers “image
computers,” systems that do more
than mere image processing. Ac-
cording to the company’s definition,
image computing comprises com-
puter graphics, image processing,
and image analysis.

An example of a type of image
computing is multisensor fusion. By
combining, or “fusing,” data from
different sensors, a system can pro-
vide information that’s more useful
to you than the separate output
from individual sensors. For exam-
ple, Vitec’s image computers can
perform multisensor fusion by using
Parallel Image Processor (Pip) chips
to perform parallel operations on
multispectral data gathered from
the same scene by different sensors.
The Pips are custom VLSI array
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Plug-in boards for PC-based image pro-
cessing such as Data Translation’s DT2871
color frame-grabber board) let you perform
gray-scale processing, hue and saturation
processing, and frequency-domain analysis
at capture and display rates reaching 30
frames/sec. The DT2871 plugs into the
DT7020 floating-point array processor to
boost system performance during computa-
tion-intensive operations such as color edge
detection, compression, and FFT analysis.

processors that are specifically
equipped to handle computation-in-
tensive tasks such as convolution
filtering, scaling, rotating, zooming,
blending, and pixel replication.

To perform multisensor fusion on
data gathered from an aircraft, for
instance, you could have one Pip
perform image-enhancement and
edge-detection operations on visual
data from a video camera while an-
other Pip processes infrared data.
At the same time, a third Pip could
process radar data, and a fourth
could perform windowing and over-
lay operations on the three types of
data. By combining the visual, in-
frared, and radar data and fusing
the result, you can greatly enhance
your ability to interpret the data.

Vitec offers two image-computing
systems, Model 100 and Model 120,
which start at $30,000. Model 100
has four Pips that can execute 122
MIPS; four 27-MHz video pro-
cessors; 6M bytes of image memory;
and a 13-in., 640x480-pixel RGB
monitor. The Model 120 comes with
four Pips that can execute 160
MIPS; four 107-MHz video proces-
sors; 10M bytes of image memory;
and a 19-in., 1280x1024-pixel RGB
monitor. Each model also comes
with a 16.67-MHz 68020 CPU; a
68881 floating-point coprocessor; a

32-bit VME Bus; a 140M-byte,
hard-disk drive; a 60M-byte, %-in.
tape drive; a 94-key keyboard; and a
3-button optical mouse.

The systems also come with sev-
eral software packages: Vitec’s
Image Display List System (IDLS)
for application development; an in-
teractive IDLS script interpreter;
an IDLS script-to-C translator (pre-
processor); a version of the X-Win-
dows program (developed at MIT)
that has enhanced imaging features;
the company’s Imaging Window and
Menu Tools (IDLX); a primitive
module for image and graphics algo-
rithms; and Unix, which is inte-
grated with the Network File Sys-
tem (NFS).

Machines that have x-ray scan-
ning abilities can outperform human
inspectors on assembly lines, be-
cause the machines can evaluate
products without destroying them.
Advanced Research and Applica-
tions Corp (Aracor) manufactures
industrial test and inspection in-
struments based on a technique
called computed tomography (CT).
This technique passes a collimated
x-ray beam through a test object to
render a cross-sectional image of
that object. A CT image displays
more than 1000 times more informa-
tion than conventional x-ray film
processes do.

Aracor has transferred this tech-
nology to the Model 4100 automatic
semiconductor-irradiation system,
which tests the radiation tolerance
and latch-up immunity of electronic
devices and ICs at the wafer stage of
production. The system is available

in three configurations: The
$163,000 Model 4100 XP measures
only radiation hardness; the

$259,000 Model 4100 PL provides
independent testing for latch-up and
radiation hardness; and the
$310,000 Model 4100 XPL inte-
grates and automates the radiation
and latch-up tests.

Another way to build a machine-
vision system is to buy image-proc-
essing software for use on one of the
major workstations and hook up
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your own video camera for gather-
ing data. Logica Inc’s Vista-IPS tool
kit, for example, is a hardware-inde-
pendent software-development en-
vironment for image-processing al-
gorithms. It has a multiuser
environment and two separate user
interfaces—one is a high-level inter-
face that offers commands that re-
semble Basic; the other is a low-level
programming environment that lets
you use Vista-IPS utilities to devel-
op image-processing primitives in
your host computer’s high-order
program-development language.

Vista-IPS provides access to more
than 200 primitives supplied in For-
tran source code. You can nest as
many as nine levels of test proce-
dures for flexibility at the experi-
mentation and design phases of the
development process. The software
package also assists you in convert-
ing the hardware-independent algo-
rithms you’ve generated for use
with the target hardware. Vista-
IPS uses foreground/background
processing to speed the develop-
ment cycle, and it supports both
interactive and batch processing. Its
Autoload command provides auto-
matic loading of procedures and
primitives, and its windowing facili-
ty enables you to process smaller
portions of an image or
“subimages.”

Vista-IPS is available for DEC
VAX and MicroVAX computers run-
ning VMS or MicroVMS and for
Masscomp 5000 Series computers
running the RTU operating system.
You must also use a Fortran compil-
er with Vista-IPS. Prices range
from $6000 for a single-user license
to $20,000 per copy for multiuser
systems.

Menu-driven library

Recognition Technology offers a
menu-driven library of routines
written in (and callable from) the C
language. The library lets your IBM
PC, Multibus, or VME Bus host
control the company’s line of image-
processing boards and subsystems.
The $1795 library, RTILib/500, con-
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tains more than 300 routines that
are specifically developed for ma-
chine-vision and image-processing
applications. For dedicated applica-
tions, you can bypass the menu-
driven executive.

The library is structured in three
layers. You use the interactive,
menu-driven executive layer to exe-
cute most of the RTILib/500 subrou-
tines. The layer of high-level, C-
callable subroutines performs such
functions as image transforms and
utilities, spatial and temporal filter-
ing, region growing, arithmetic and
statistical operation, and graphics
processing. The third layer is a layer
of low-level primitives and macros
that provides access to the control
and status registers and data tables
of the various image-processing
hardware modules.

RTIExec includes the Fundamen-
tal Vision Tools Menu, which has 16
screens, each offering seven to 17
additional selections. A help menu
and a menu of utilities are accessible
from all the other menus in

RXIExec. Because most of the
menu-driven commands have a one-
to-one  correspondence  with
RTILib’s C-callable routines, you
can quickly translate a string of
menu calls into a dedicated
program.

The company’s latest subsystem
that uses the RTILib/500 software
package is the RTI-Station, a stand-
alone box that connects to your IBM
PC, Sun or Masscomp workstation,
Multibus host, or VME Bus comput-
er. For real-time performance, the
unit includes a 10-MHz pipeline
pixel processor that passes 18 bits of
data bidirectionally on each clock
cycle. To avoid overloading the host
computer’s bus, the RTI-Station
contains multiple synchronous video
buses for high-speed image trans-
fers. You can store as many as 20
images on line in the RTI-Station’s
digital-image-storage boards. The
unit digitizes each pixel of data as 8
bits of gray-scale information; thus,
it provides 256 gray levels at an
active-area resolution of 512x512
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pixels. Prices for the RTI-Station
start around $10,000.

Faster-than-real-time imaging

Offering an 8-bit image-process-
ing speed faster than %o sec on a
PC/AT-type computer, the Series
151 subsystem from Imaging Tech-
nology connects to your IBM PC/AT
or VME Bus computer via a propri-
etary interface that lets the PC/AT
control the subsystem’s operation.
This $11,495 package gives you
RS-170, RS-330, and CCIR 8-bit
video acquisition. Its onboard, dual-
ported frame memory can store
multiple images. The 151’s pipeline
processing and expandable architec-
ture enhance the subsystem’s per-
formance. Its I/0 look-up tables and
read/write registers facilitate such
image-manipulation features as
RGB pseudocolor output, graphic
overlays, real-time convolutions,
and real-time histograms.

The subsystem uses separate
boards for its A/D interface (ADI-
151), frame buffer (FB-151), pipe-
line processor (ALU-151), real-time
convolver (RTC-151), and histo-
gram/feature extractor (HF-151).
The subsystem also uses separate
buses for video data from the A- and
B-frame stores, for graphic over-
lays, for video pipeline data, and for
the video data input.

The A/D interface includes an
8-bit digitizer, programmable gain
and level, and a 24-bit color display.
To increase the on-line storage capa-
bility, you can plug as many as four
of the frame buffers into the subsys-
tem; each buffer contains one 16-bit
frame store and two 8-bit frame
stores. Automatic spin compensa-
tion adjusts for pipeline-processing
delays. The pipeline processor per-
forms three types of real-time image
processing: arithmetic, logical, and
bit-plane oriented. The histogram/
feature extractor offers 10-bit histo-
grams and performs feature extrac-
tion of as many as 16 features
simultaneously.

The Series 151 subsystem comes
with a driver-level software pack-
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age called Toolbox that helps you
integrate the subsystem with your
host computer. You can order Itex,
an optional subroutine library of im-
age-processing functions, which in-
cludes programs for look-up-table
operations, image save and restore,
graphics functions, area and image
geometry, image analysis and point
processing, and linear/nonlinear op-
eration. The company’s line of im-
age-processing products ranges
from the $1995 PCVision+ frame
grabber (for IBM PCs and compati-
bles) to the $28,995 Series 200 im-
age-processing subsystem for
(MicroVAX II hosts).

PC/AT-based vision systems

Another alternative to buying a
costly, dedicated machine-vision
system might be to develop a vision
system for your IBM PC/AT gradu-
ally. For example, you could choose
from the plethora of plug-in image-
processing, array-processing, and
data-acquisition boards that Data
Translation offers, and mix and
match the boards to design a custom
system. The company’s latest im-
age-processing board is the $2995
DT2871, a color frame grabber with
a Hue-Saturation-Intensity (HSI)
chip set, which converts the red-
green-blue (RGB) images from a
color video camera to hue, satura-
tion, and intensity values in %o sec.
The DT2871 captures images in
512x512-pixel resolution; each pixel
represents one of 16,777,216 colors.

The benefit of converting RGB
images to HSI values is that each H,
S, and I value can be processed
independently of the other two val-
ues. You can therefore perform op-
erations on the visual data that you
can’t perform on mere RGB images.
For example, to learn about the fre-
quency and distribution of the im-
age’s colors, you can generate a his-
togram from just the hue values. To
enhance edges or remove white
noise from a color image, you can
perform a convolution on just the
intensity values.

Because manipulating the hue,

saturation, or intensity of an image
is simpler and faster than manipu-
lating RGB information, the DT2871
color frame grabber lets a PC/AT
perform color conversion in real
time. The DT2871 can also convert
HSI data back to an RGB image
after processing.

The company offers the Aurora
Subroutine Library for the DT2871;
the library costs $995 and provides
Pascal, C, and Fortran subroutines
that permit color-image capture,
processing, and display. It also lets
you perform graphics operations,
and it supports the functions of the
$995 DT2869 video decoder/encod-
er, which the vendor offers as an
accessory for the DT2871. The de-
coder/encoder reformats standard
NTSC or PAL video signals from
composite-video cameras and VCRs
into RGB signals, and vice versa, its
high analog precision preserves the
digital integrity of the frame grab-
ber’s input and output.

VME Bus provides standard

Datacube, maker of the Max-
Video line of image-processing
boards, notes that its products ad-
here to the VME Bus double Euro-
card form factor, ensuring electrical
and mechanical compatibility with
other vendors’ boards. The Max-
Video family includes the DigiMax
video-signal A/D and D/A convert-
er, which accepts input from as
many as eight cameras. The ven-
dor’s FrameStore board provides
three 512x512-pixel X8-bit stores
that you can configure as a single
16- or 24-bit-deep frame-storage de-
vice. The Snap board performs real-
time, nonlinear systolic-neighbor-
hood processing at 180 million 8-bit
comparisons/sec. The Max-SP sig-
nal processor lets you merge multi-
ple images, perform barrel shifting,
and multiply. The VFIR linear pixel
processor can perform 100 million
20-bit precision multiply-accumula-
tion operations/sec.

For $1000, you can buy MaxWare
version 2.0, a software support
package that provides primitive and
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diagnostic support for the afore-
mentioned boards, as well as a num-
ber of other boards, including the
ROIStore region-of-interest frame
store, the MaxScan asynchronous
digitizer module, the MaxMux digit-
al crosspoint switch, and the Max-
Graph graphics-overlay board.

Low-cost imaging available

As high-end products gain more
sophistication and features, the
technology trickles down to low-end
systems, improving the capabilities
of the inexpensive imaging packages
available for such computers as the
Atari ST and the Commodore 64.
For example, Digital Vision Inc of-
fers a $250 slow-scan image-capture
program called ComputerEyes for
the IBM PC, Apple II, Atari Ilgs,
Atari ST, Atari 8-bit computer, and
Commodore 64. ComputerEyes re-
quires a maximum of 12 sec to scan a
single monochromatic image at a
resolution of 640x200 pixels with 64
gray levels.

Besides offering simple digit-
izing, ComputerEyes also provides
gray-scale, false color, and high con-
trast for the image. ComputerEyes
supports CGA, EGA, VGA, and
Hercules graphics modes. It lets
you save an image to disk in a varie-
ty of formats so that programs such
as Xerox’s Ventura Publisher, Mi-
crosoft’s Gem, and Aldus’ Page-
Maker can access the image data
and manipulate it. For $520, you can
order ComputerEyes with a video
camera, lens, and cable. A develop-
er’s package with source code and
image-file formats costs $100. EDN
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vendors, and ensure that all
products would work
" . together efficiently
and dependably.

It would be the
ideal advanced bus
—the perfect higher
performance alterna-
tive to Multibus I,
VME and other traditional

architectures.

MurriBus Il Is
CHANGING THE
WORLD!

The advanced bus of the K
future is here today, to the

delight of designers needing
to transcend the limitations
of today’s other bus

alternatives.

BASIC #3:
AUTO
CONFIGURATION.

Like a chameleon, Multibus II boards

automatically configure themselves when

system power is turned on, eliminating
IP switch hassles during configuration

and maintenance.

BASIC #1: PARITY.

Multibus I1'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. A

PIN
(MPX) Mul
(CENT)ralized (DIST)ributed
D

GLOBAL MEMORY
Communications

Filesed (NON)
ulti ‘

ADDRESS WIDTH
(Bits)

BOARD AREA (sq. in.)
CONNECTOR TYPE
(Perslot)

*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
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architecture
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‘ future for
advanced
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! A MULTIBUS 1I:
! automation The world’s fastest
i g s growing open system
! appllcatlons. architecture!

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

| world’s most advanced
i
)VANCED 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
to%ether 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
developing
Multibus II
applications that
set new standards
of performance,

price and reliability.

BUILD YOUR
OwN Mutrisus 11
LIBRARY.

The broad base of Multi-
bus II hardware, software,
accessories and systems is
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-
panies on the back of this ad
will send you in-depth tech-
nical data on their complete
Multibus II prod-

uct lines. Plus

Free!

timely updates Data Book
and new product
announcements.
And, to keep
your Multibus II

library organized, the Multi-
bus Manufacturers Group
will send you this convenient
indexed bookshelf binder.
Absolutely free!

‘ ibus 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.

aturally, Mult

So don't delay. Get the
whole story on Multibus II
and discover the new levels
of performance and reliability
that are possible
with a truly
advanced bus.

Multibus II.
The bus of your

future is here

today.
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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.




E'RE HERE FOR YOU!

The companies listed below would like you to plus future new product announcements, just
know that Multibus I is now in full swing. These return the reader service card. Or, for faster
industry leaders offer a complete selection of response, call the MMG or one of the participating
Multibus Il boards, software, systems and acces- companies listed below.

sories—everything you need to develop advanced, Discover what the world’s most advanced OEM

high performance applications today.

For your free Multibus 1l 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

FEICIPRICO Cimc Bon e

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

25401 Cabot Road, Suite 206

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

(714) 768-3332

FAX (714) 951-8902

60 Garden Court, Box DRI
Monterey, CA 93942
Contact: Customer Service
(800) 443-4200

Telex 910-360-5001

. 6790 Flanders Drive
Electronic San Diego, CA 92121

Contact: Frank Hom
snl,UtIpns (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 manutacturers, 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.

Manutacturers Group

Graphics

MULTIBUS MANUFACTURERS GROUP

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

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. * !yLE‘RIOE,)HRSE
(214) 350-9000

FAX (214) 350-1433

785 Lucerne Drive

Sunnyxalez CA 94086 S MICROBAR
Contact: Bill Burton SYSTEMS. INC.
Telephone (408) 720-9300 = 5 i
FAX (408) 773-9475

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 UNIT OF ZERO CORPORATION
FAX (818) 444-3953

6465 Nancy Ridge Drive

San Diego, CA 92121
Contact: Trevor Constable SYSTEG—'
(619) 453-8970

Use this convenient product reference guide to quickly
locate the companies that offer the types of Multibus Il
products you need.
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Easy to use menu driven commands
speed and simplify design
verification.

OrCAD / VST

The Next Logical Step

Introducing OrCAD / VST, a full featured
verification and simulation tool that is
designed to place the performance of an
expensive workstation on your PC.

OrCAD / VST is integrated with the
popular OrCAD /SDT schematic

capture package, with easy-to-use menus
and powerful keyboard macros. Your
valuable time is used to simulate designs
without investing the time, money and
resources to built prototypes.

With unsurpassed performance on a PC,
you'll discover that nothing comes close
to OrCAD's features and price.
Benchmark the specifications for
yourself. We guarantee satisfaction, or
your money back!

* Event driven, 12-state functional
simulator

* Exceeds 10,000 events/sec. on an 8 MHz
AT without additional hardware

* Over 14,000 gate capacity

Har o =
Initialize
Macro

* Logic analyzer display format. Virtual
screen displays 50 channels

* 10 breakpoints can be set as AND/OR
condition of up to 16 signals

e User selectable minimum and
maximum delays

e Input stimulus is easily defined with an
integrated pop-up editor

¢ Includes component models of TTL,
ECL, CMOS, Memory devices, and easy
to use utility for creating custom models

* Of course, OrCAD's excellent support:
technical staff to answer questions, 1 year
of free product updates, and a trained
sales and support network

Call or write today for our FREE
Demo Disk and brochure.

OrCADNT

Systems Corporation I

1049 S.W. Baseline St. Suite 500
Hillsboro, Oregon 97123
(503) 640-5007

1. WA, OR, MT, ID, AK
Seltech, Inc. 6. NE, KS, IA, MO
206-746-7970

913-888-0089

[

N. CA, Reno NV

Elcor Associates, Inc. 7. TX, OK, AR, LA

408-980-8868 Abcor, Inc.
713-486-9251

3. So.CA

Advanced Digital Group 8. MI, E. WI, IL

714-897-0319

312-882-0114
4. Las Vegas, NV, UT, AZ,

NM, CO 9. IN, OH, KY, WV, W. PA
Frank J. Campisano, Inc.

Tusar Corporation

602-998-3688 513-574-7111

w

. ND, SD, MN, W. WI 10. TN, NC, SC
Comstrand, Inc.

612-788-9234 919-878-4440

OR 8746
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Walker Engineering, Inc.

Cad Design Systems, Inc.

Tingen Technical Sales

Contact your local OrCAD Representative for further information \4

1. FE
High Tech Support
813-920-7564

12. DE, VA, MD, DC
MGM Visuals
703-352-3919 2

13. MS, AL, GA
Electro-Cadd
404-446-7523 3

14. E. PA, NJ, NY
Beta Lambda, Inc.
201-446-1100

16. BC, AB, SK, MB

15. CT, RI, MA, VT, NH, ME

DGA Associates, Inc.

617-935-3001 604-984-4171
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Interworld Electronics & 17. ON, PQ
Computer Industries, Ltd.

Electralert, Ltd.
416-475-6730
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It's 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.

Engineering is the only

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 EED 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 April 28, 1988
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commodity we sell.
ratings and mounting styles. All 100% tested. All variety of sizes, configurations, and materials, as
customized to meet any application need. well as thread and finish specifications to meet
Even sealed switches specifically engineer- any and every requirement. From the most
ed for board-mounted solvent washing with basic and cost-sensitive to the most demanding
sealed O-rings to prevent seepage. Mil-spec applications.
Kulka Terminal Blocks Dialight, Kulka and HHSmith products that
Molded from special aggregates that in some speak of rigorous quality control, exhaustive
models, withstand temperatures in excess of testing and the Company philosophy of design
155°C. Making Kulka the only manufacturer to and engineering: the word passive may be used
meet B, F and HT requirements of MIL-T-55164C. to describe our components, but never the way
Standard features include solid brass, we build them.
nickel-plated screws, molded-in contacts and Find out more about Dialight LEDs,
special plates that prevent overtorquing and Circuit Board Indicators, Indicator Lights,
breakage. All readily engineered into any con- Switches, Kulka Terminal Blocks and HHSmith
ceivable custom or special order. Components. Call us at 201-223-9400, or
HHSmith Hardware write Dialight Company; 1913 Atlantic Ave.,
Spacers, stand-offs, handles, knobs and other Manasquan, NJ 08736, and ask for a
components all available in an extremely wide free catalog today.

DlHLIGHTCOMPHNV A Division of e
North American Philips SEE US AT ELECTRO/’88, BOSTON, MAY 10-12, BOOTHS 1342-48

DIRUGHT-KUWKA-HHSMITH

Engineering is the only commodity we sell.
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© Copyright 1988 Cooper Industries

WE ALWAYS KEEP
AHEAD OF OUR REPUTATION

Keeping up with the needs of today’s electronics is no
simple task, but over the years we've got ourselves quite
aname for being the front runner in soldering technology.
The investment in research and development con-
tinues to produce stations and irons that make your

work more accurate, more efficient and easier too.
Although building a reputation is not easy, if you

take a close look at the quality of Weller® soldering

equipment, you'll see just how far ahead we are.
Weller® How reputations are made.

The difference between work and workmanship.

BREWER-TITCHENER CAMPBELL COVERT CRESCENT LUFKIN"MERRILL NICHOLSON"PLUMB"H.K.PORTER TURNER WELLER" WIRE-WRAP WISS XCELITE"
CooperTools PO Box 728 Apex NC, 27502 USATel (919) 362-7510 Telex 579497
Adivision of Cooper Industries
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TECHNOLOGY UPDATE

Advances in speed and voltage ratings
enhance applications for optocouplers

Dave Pryce, Associate Editor

The widespread use of optocouplers
is testimony not only to their long
history, but to the great variety of
types for sale. Optocouplers are
available in several possible output
configurations, including LDRs
(light-dependent resistors), various
transistor types, logic elements, and
SCRs and triacs (bidirectional tri-
ode thyristors) (Fig 1).

From factory-floor networks to
missiles and satellites, the use of
optocouplers to provide isolation be-
tween different environments con-
tinues to increase. You’ll find the
devices suitable for such diverse ap-
plications as motor controls, process
controls, power supplies, data trans-
mission, CD players, VCRs, and tel-
ecommunications equipment.

It all starts with the emitter

Key to the operation of an
optocoupler is the emitter
(normally an LED), which gener-
ates the light energy, and the sili-
con detector, which is the photosen-
sitive output device. In the case of
optocouplers, the light energy from
the emitter is usually in the infrared
or near-infrared portion of the spec-
trum. Emitters are fabricated in
either GaAs, GaAsP, or GaAlAs,
depending on the intended applica-
tion of the optocoupler and certain
cost/performance tradeoffs deter-
mined by the manufacturer.

Motorola, for example, uses three
different emitters in its optoelec-
tronic products (Fig 2):

® 660-nm (visible light) GaAlAs

® 850-nm (near infrared)

GaAlAs

® 940-nm (infrared) GaAs.

Although the 940-nm GaAs emit-
ter’s spectral emission is not per-

EDN April 28, 1988
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Fig I—Optocouplers come in a wide variety of types. The primary differences show up in the
output stages, which include, but are not limited to, the types depicted here.

fectly matched to the response of a
silicon detector, Motorola uses this
emitter in most of its optocouplers
for reasons of cost effectiveness.
Most general-purpose applications
can tolerate a certain amount of
spectral mismatch, and the result-
ing lower cost of the optocoupler
Jjustifies the use of such an emitter.

The 850-nm GaAlAs emitter’s
peak emission does closely match
the response of a silicon detector,
and Motorola uses this emitter in
optocouplers designed for applica-

tions where high efficiency and fast
speed are important.

The 660-nm GaAlAs emitter is
poorly matched to the response of a
silicon detector, and for this reason
Motorola doesn’t use it in any of its
optocouplers. (This type of emitter
is ideal for use in other optoelectron-
ic products, however—in plastic fi-
ber-optic communications systems,
for example. At 660 nm, the attenu-
ation curve of plastic fiber is near its
minimum value.)

Other manufacturers take similar

5
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orated circuits meet the standards

of some pretty tough customers.

Military standards 1553, 1750 and
1760 to be exact. At UTMC we've
designed entire product families to
meet these tough military require-
ments. And, since we design only
for the military and aerospace, our
products meet their other high
standards of quality, reliability and
customer service.

UTMC’'s CMOS military-
standard parts are all manufactured
in our DESC-certified facility and
we are the first company to offer
several monolithic SEAFAC-tested
parts. We've invested the time,
resources and expertise to obtain
JAN qualification and QPL certifica-
tion. And, if you require it, we can
provide radiation-hardened versions
of many standard products.

UTMC designs its broad range
military-standard products to give
you added flexibility for future mili-
tary designs. Our 1553 family gives
you monolithic design solutions

featuring our remote terminal inter-
face (RTI) and Bus Controller/
Remote Terminal (BCRT). These
offer you 1553B compliance and
lower software overhead.

The family also includes new
industry leaders such asa BCRT
with Monitor and the BCRT Mult-
Protocol chip which supports
1553A/B, three variations of Mac Air
specs and one Grumman variation.
The BCRTMP joins our popular
Remote Terminal Multi-Protocol
unit, the 1553 RTMP. And for stores
applications, our 1760 Remote Ter-
minal Stores (RTS) chip offers an
industry-first monolithic solution.
Our monolithic tranceivers are com-
plete transmitter/receiver pairs
conforming fully to military stand-
ards 1553A/B.

The 1750 product family includes
a UTI1750AR RISC Microprocessor
with 1.5-micron CMOS gate-array
technology and full military

CIRCLE NO 175

operating range of -55°C to 125°C.
The 1750 Memory Management
Unit (MMU) takes the 1750 family a
step further with control logic, page
registers and memory protect RAMs
to expand the 1750A processor
address range from 64K to IM.

In addition, the UTMC 1732
MUL and 1733 ALU provide ideal
support circuits for the 1750AR
MIiCrOProcessor.

So when you need integrated
circuits to meet 1553, 1750, 1760 or
any demanding military standard,
call UTMC. You can depend on us
to meet the standards of even your
toughest customers.

1-800-MIL-UTMC
1575 Garden of the Gods Road
Colorado Springs, CO 80907

R UNITED

21 TECHNOLOGIES

e O MICROELECTRONICS
CENTER
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TECHNOLOGY UPDATE

Optocouplers often come in 6- and 8-pin DIPs, but some types are now available in SOIC
(small-outline integrated-circuit) or other surface-mount packages. These types from Siemens

are representative.

80

60

40

RELATIVE EFFICIENCY (%)

20

.

gy

WAVELENGTH (nm)

SILICON DETECTOR

1 660-nm EMITTER GaAlAs
2 850-nm EMITTER GaAlAs
3 940-nm EMITTER GaAs

17 ]\
/ y ) 1
1 \ -] 3
500 600 700 800 900 1000 1100

Fig 2—Optocoupler emitters are usually made from materials such as GaAs, GaAsP, and
GaAlAs. Application-dependent factors such as efficiency and the wavelength of the emitter’s
spectral emission determine which type a manufacturer selects. Fortunately, a silicon

detector can accept a wide range of emitted wavelengths.
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approaches in their selection of
LEDs for use as emitters in
optocouplers. Philips in The Neth-
erlands, for example, (along with its
subsidiary in the US, Amperex
Electronic Corp), uses GaAlAs
emitters with wavelengths of 830
nm and 740 nm. Philips uses the
830-nm emitter with photodiodes
and phototransistors whose peak
sensitivity is between 800 and 850
nm; it uses the 740-nm emitter with
integrated photoreceivers whose
peak sensitivity is between 700 and
750 nm.

Curiouser and curiouser

Hewlett-Packard chooses to use
an 820-nm GaAlAs emitter for many
of its high-speed optocouplers. Curi-
ously, HP reverses the order of the
first two chemical symbols and lists
the emitter material as AlGaAs.

Although many companies use
GaAs and GaAsP emitters, the
trend is to GaAlAs. The reason for
this increase in use is because manu-
facturers can alter the bandgap of
GaAlAs emitters to produce radia-
tion at any desired wavelength be-
tween 650 and 900 nm. It is the
gallium/aluminum ratio that deter-
mines the bandgap. Another advan-
tage of GaAlAs emitters are their
generally lower drive-current re-
quirements, which makes them a
better choice for use in optocouplers
that interface with CMOS ICs.

Most manufacturers of GaAlAs
emitters use a homojunction tech-
nology having a single bandgap.
Philips and Amperex, however, use
a single-heterojunction technology
that has two epitaxial layers with
different bandgaps. Philips claims
that using this structure significant-
ly lessens the degradation (over
time) of the emitters’ current-trans-
fer ratio (CTR).

Compared with emitters, photo-
detectors don’t present as many
choices—or as many problems. Sili-
con detectors have a wide spectral
response that extends from 700 to
950 nm, with a broad, flat peak
between 750 and 900 nm. And, be-

i
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cause of this wide response, they
accommodate a wide range of emit-
ter wavelengths.

Because of the choice of materi-
als, structures, and output configu-
rations available, optocouplers sat-
isfy the isolation requirements of a
variety of applications. One such
application example uses the
LDA200 dual-channel, current-mon-
itoring switch from Theta-J Corp.
The $2.75 (100) LDA200 is useful in
industrial applications for input-to-
output isolation and control-system
monitoring, but its principal use is
in telecommunication circuits (Fig
3). In this application, the
optocoupler provides ring-current
sensing and loop-current detection.

The LDA200 allows the circuit

designer to select the actual in-cir-
cuit trigger point for the loop cur-
rent by choosing an appropriate
value for the input shunt resistor.
Without a shunt resistor, the
LDA200 remains off for loop cur-
rents of less than 5 pA and turns on
for loop currents of greater than 6
mA. A shunt resistor of 120Q) pro-
vides loop detection at 16 mA, but
rejects loop noise currents of less
than 6 mA without false triggering.
The other channel of the opto-
coupler acts in a similar manner to
detect the presence of a ring signal.

The optocoupler’s output devices
are open-collector bipolar transis-
tors rated at 20V. Normally, you
use an output-load resistor to limit
the on-state current in the transis-

CIIP &
-LBLOCKING l
CAPACITOR TELECOMM
LOAD
RINGER
CIRCUIT
RsHunt {
RsHunt
GRING A J\)\c
HOOK SWITCH
(LCA110)
[
¥ LDA200 4
LOOP-DETECT RING-DETECT
CIRCUIT CIRCUIT

Fig 3—In this telecommunications application, the LDA200 optocoupler from Theta-J
monitors the line to detect the presence of loop current and a ring signal.
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Fig 4—Optocouplers are commonly used to isolate high voltages from sensitive input
circuits. This triac-output type from Motorola switches power to a load connected to a 2,0V ac
line. The MOC3081’s blocking-voltage rating is 800V.

8

tor so as not to exceed a steady-
state dissipation of 150 mW per
transistor, or 400 mW for the entire
package. You have a choice of an
8-pin DIP or a surface-mountable
version.

Traditional uses still remain
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