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Fluke Portable Test Instruments

Modular temperature logger:
PTI stacks up.

With today’s tight budgetsand ~ 2190A Thermometer with the High-accuracy RTD or T/C
spiraling costs, your instrument 2030A Computing Printer and the =~ Measurements.
investments have to work hard for ~ new 2300A Scanner and you've This little system boasts
you. That’s why we designed created a compact temperature accuracy specs that stand up to
Portable Test Instruments (PTI) to  logging system. even laboratory standards. As a
work double time. It’s simple to use, simple to matter of fact, we designed the

As single instruments, they operate, and occupies just inches of ~ 2300A Scanner as a measurement
adapt to a variety of individual space. And with a choice of ac or match to our most accurate
measurement and recording 12V dc operation —the unit is thermometers: the 2180A and
assignments. But stack a 2180A or  completely portable. 2190A series. Together they handle

-~ as many as 100 channels of
temperature (20 channels
maximum in mainframe)
from five types of either RTD
or thermocouple sensors.
Computer /O via
RS-232-C or

You can program and
control the system remotely

: as a low-cost computer
- front-end via RS-232-C

“ or IEEE-488.

The thermometer
makes all linearizations,
then transmits
temperature readings

- to the computer,
minimizing software
requirements.

Call 800-426-0361

Or mail the coupon below.
We’ll show you how to
transform PTI modules into a
high-accuracy logging system
that stacks up to today’s
electronics.

nnnnnn

[FLUKE]

IN THE U.S. AND NON- IN EUROPE:
EUROPEAN COUNTRIES: Fluke (Holland) B.V.
John Fluke Mfg. Co., Inc. P.O. Box 5053, 5004 EB
P.O. Box 43210 MS #2B Tilburg, The Netherlands

Mountlake Terrace, WA 98043 (013) 673 973, Telex: 52237
(206) 774-2481, Telex: 152662

I'm convinced. Now convince my boss.
[0 Send literature on the 2300A
logging system.

[J Show us. Arrange a demo.

Name

Title Mail Stop
Company

Address

City State Zip
Telephone ( ) Ext.
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It gets tougher all the time.
Trying to match budget dollars
with instrument performance can
be a real problem. Unless the
instrument is our Model 1062
Sweeper.

At only $890; the Model 1062 is a
full-performance laboratory
sweeper with a 1-400 MHz
frequency range. You can sweep
any portion of that range at
variable rates, and have triggering
capability to boot. You'll also find

10 mW RF output, 2% sweep
linearity, and +0.25 dB flatness—
performance characteristics usually
seen only on much more expensive
instruments.

The Model 1062 also includes
provision for an optional crystal-
controlled birdy bypass marker
system. Up to six plug-in marker
modules may be added. The
markers can be at single discrete
frequencies or they can be
harmonically related. Front-panel

controls vary marker amplitude
and bandwidth.

Get the sweeper that solves
budget and performance problems
all at once. Get the Model 1062—
still only $890*

Wavetek Indiana, PO. Box 190,
66 North First Ave., Beech Grove,
IN 46107. Toll free 800-428-4424;
in Indiana (317) 783-3221.

TWX (810) 341-3226

WAVETEK:

*US. price only For demonstration, Circle no 70
For literature, Circle no 71

Get rid of sweeper
budget probiems.

et our budget sweeper.




pow

Just a fluccer of
pressure...

Less than 2 grams of force actuates this Cherry snap-aetion
miniature switch. Outside, a 23" long aluminum lever

provides unusually low operating force. Inside, an extra See us at
internal actuator reduces operating force even more while & ) Electro Bos
maintaining solid contact pressure for reliable performance. —— @;mm 1 B May 13-1¢

A Cherry Boof
Our unique light force miniature design is available with abeaikel
other external levers offering operating forces ranging from

3.5 to 15 grams...rated 3 amps, 125VAC. Gold crosspoint
contact versions bring this same, dependable switching to
your low energy (0.1 amp) solid state circuits. Or, choose

higher electrical ratings of 5, 10 or 15 amps with increased EXTRA INTERNAL ACTUATOR

...but still low...operating forces. reduces force required at button plunger while
maintaining solid contact pressure.

A g ! . MINIATURE
CHERRY 2" e SWITCHES
CHERRY ELECTRICAL PRODUCTS CORP. 3622 Sunset Avenue, Waukegan, IL 60085—312/689-7700—TWX 910/235-1572

Our worldwide affiliates and phone numbers: Cherry Semiconductor Corp., Cranston, RI, U.S.A., 401 463 6000 = Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 = Cherry Electrical
Products Ltd., Sandridge (Herts) England, 44 727 32231 « Cherco Brasil Industria E Comercio Ltda., Sao Paulo, Brazil, 011 246 4343 « Hirose Cherry Precision Co., Ltd., Kawasaki, Japan, 044 933 3511

For more information, Circle No 2
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7 Al 110Ul a way LU
accelerate microcomputer
development...

HP—When you depend on logic
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development costs.

The new HP 64000 Logic Development System helps
you speed microcomputer development and cut costs
several ways: First, it uses a universal, rather than a
dedicated, approach to microcomputer development. So
you can use the HP 64000 to develop an 8080-based
system today, and then a 6800-based system tomorrow.
Or you can use it for different types of microprocessors
in the same product, without paying the price of sep-
arate development systems for each. What's more, HP’s
powerful 64000 architecture is independent of processor
type, bus-width or speed. So you'll be able to use this
same basic system with future developments such as
16- and 32-bit processors.

Teamwork means faster system development.
Second, the HP 64000 can help shorten development
schedules through efficient teamwork. HP's shared peri-
pherals approach means that a number of operators share
a common disc. This common data base serves up to
six development stations. A powerful file manager en-
courages teamwork. Each user can work with his own
copies of files, while a master set is maintained separately.
Now, several programmers can work at the same time.
Or designers can perform emulation, while programmers
debug software.

The disc’s high speed means each user is independent
of, and essentially transparent to, every other. And all
users have immediate access to the latest software for
more efficient operation.

This HP approach is superior to a single-station, dedi-
cated system for two other important reasons: With
today’s growing emphasis on microprocessor-based

products, it’s unlikely that any single system will provide
the flexibility and growth path you’ll need in future years.
What’s more, the 64000 offers significant savings when
multiple development stations are contemplated (see
chart below), and provides a practical way for you to
obtain high-performance peripherals.

COST/STATION

1 & 3 4 i 6
NUMBER OF DEVELOPMENT STATIONS

An accelerated path to market.

Third, because the HP 64000 has a powerful user-oriented
display editor, rather than a teletype editor, it becomes

a user-oriented system that speeds editing and debugging.
Its advanced real-time emulation shows you precisely
how your system will perform at speed, to help eliminate
potential production problems and product entry delays.

In short, the HP 64000 ($18,500* for a minimum
operating system) provides a way for you to optimize
the efficiency of your development team, plan for the
future, and expand development capabilities. Because
the system is backed by Hewlett-Packard, you also enjoy
the benefit of on-site service during the initial 90-day
warranty period. Then, if you wish, you can get a com-
plete HP service contract tailored to your needs that
can also include on-site service.

To get complete details, write to Hewlett-Packard,
1507 Page Mill Road, Palo Alto, CA 94304. Or call the
HP regional office nearest you: East (201) 265-5000,
West (213) 970-7500, Midwest (312) 255-9800, South
(404) 955-1500, Canada (416) 678-9430.

HEWLETT
"/” PACKARD ..

For more information, Circle No 3



Tektronix
OEM
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ektronix
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620 ror logic analyzer, A-scan ul-
trasound, optical electronics, and me-
chanical measurement applications.

|
I |
J

634 ror ultrasound, computerized
tomography, video multi-imaging,
ECM and other high-performance
raster-scan applications.

L ] 4
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606B Very high resolution display for photographic recording applications in 624 For electronic test and mea-

medical multi-imaging, for electron microscopy, radiation and thermal scanning surement applications and for A, B,

systems, and for alphanumeric and graphic displays’. M-mode and real time ultrasound use.
Look to the leader:

As the leader in quality OEM You expect us to offer you the new technologies, government
displays, we know your needs most competitive price/perfor-  regulations, and competitive
and we can meet them with the = mance packages. To work pressures that impact our busi-
greatest variety of display prod-  closely with you to help solve ness. Meeting these expectations
ucts in the business. We know your interface requirements. To  is what it’s all about. And it’s
that you expect our displays and  support you totally, before and a commitment we honor. All
cameras to do the job they’re after purchase. To grow asyou  the way.

specified for — day after day. grow, so we can both meet the

'606A and 606B dot scans shown as
accumulated on film.
“Image courtesy of Optical Electronics, Inc.

Copyright © 1979, Tektronix, Inc_ All rights reserved



vhere

ooks best.

;08 A-Mode, B, M, and real time
trasound, non-destructive test sys-

tems, and electronic test and mea-
urement systems.

i

606A ror nuclear multi-imaging,
gamma camera imaging, and scan-
ning Auger and electron microscopy.

C-28 ror high quality crt recording
applications, including ultrasound
and gamma camera imaging.

See for yourself.

Our broad product offering is
ust the beginning: ten small-
screen displays, two cameras, a
vide range of options including
U.L. 544 Listing and Compo-
1ent Recognition and modular
vackaging, plus a broad selec-
ion of large-screen displays.

“or technical data circle no 257 on
eader service card.

604A For electronic test and mea-
surement applications and for use in
mechanical measurement systems?

607A variable persistence storage
for medical diagnostics and electronic
equipment like gamma camera,

radar/sonar, and spectrum analyzers.

C-5C For low-cost, general pur-
pose photographic applications.

Add applications assistance, full
service, and support programs
for a truly profitable working
relationship. Contact us now

to find out more about how
Tektronix OEM Display Prod-
ucts can meet your needs.

For demonstration circle no 258 on
reader service card.

vou

look,

602 vector display for precise
assessment of TV color encoding.

..

603A Bistable storage for uses like
ECM, seismic analysis, mechanical
shock, and strain gauge measurement.

For the address of your nearest
Tektronix Field Office, contact:

P.O. Box 1700

Beaverton, Oregon 97075
(503) 644-0161

Telex: 910-467-8708
Cable: TEKTRONIX

Europe, Africa,
Middle East:
Postbox 827

1180 AV Amstelveen
The Netherlands

Asia, Pacific, Americas:
Export Marketing

P.O. Box 500

Beaverton, Oregon 97077
US.A.

Designed to meet

Wi

demands.

E]@
Built to fit
vour design.
-
Tektronix

COMMITTED TO EXCELLENCE
For immediate action, dial our

toll free automatic answering
service 1-800-547-1512.
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Choose the Minifloppy that’s best for your
system. The original SA400 Minifloppy or the
double-sided SA450 Minifloppy. Both are a
compact 3.25"x 5.75" x 8.00", and weigh only
three pounds. Both use proprietary glass bonded
ferrite/ceramic heads developed and manufactured by
Shugart. Both deliver proven reliability without preventive
maintenance and offer excellent data integrity.
And both give you excellent price/perfor-
mance. Shugart backs these drives
p, With more service, support, and

¥ production capability than anyone
inthe business. Which Minifloppy is the
best choice for your application?

There are only
toget

Doubling the Minifloppy. The SA450
double-sided Minifloppy is the perfect upgrade for system builders who
need more cost effective data storage capacity. Identical in size, and
I/O compatible with our single-sided SA400 Minifloppy, the SA450 dou-
bles unformatted capacity to 437.5 kilobytes (double density).
In addition, the SA450 uses Shugart’s new Bi-Compliant™
~ head assembly, which provides excellent compliance,
resulting in superior data reliability. This new head
. de81gn also delivers longer head and media life.
Shugart’s industry standard
format lets you read and write data
on any single or double-sided mini-
diskette, too. This means your cus-
tomers can continue to use their
existing disk library. So look to the
SA450 as your competitive answer
for any system where you want to dou-
ble the capacity of a single-sided
Minifloppy without doubling your data
storage space requirements and cost.

™Trademark of Shugart




The original Minifloppy. The SA400 single-sided
Minifloppy is the most popular 5'4-inch disk drive
available. Since we invented the Minifloppy in
1976, over half a million have been delivered to
builders of microprocessor-based systems, per-
sonal computers, and word processing systems.
The Minifloppy offers the lowest unit cost of any
Shugart drive, yet it stores up to 218.8 kilobytes
(unformatted, double density) in a reliable, com-
pact package. It uses the same proprietary head
and recording technology as our single-sided
8-inch floppy drive. A servo-controlled DC drive
motor eliminates AC power requirements and the
simplified actuator with direct drive spiral cam
provides more reliable track-to-track access. Low
heat dissipation, positive media insertion, write
protect, and an activity light are standard. And
only Shugart has the production capability

to meet your needs. -

WO ways
a Minifloppy.

Choose the Headstrong Minifloppy disk drives. No matter which of our Minifloppy disk
drives you select, you get the competitive edge when you go with Shugart. We are Headstrong

about helping to keep you competitive too, with high volume deliveries of drives that offer
superior reliability, quality, and value. This Shugart commit-

ment is also backed by all the support you need including
helpful technical services, in-depth documentation, and
design assistance. And when your product line grows,
we'll be there with a complete family of floppy, Mini-
floppy, and fixed disk drives in a full range of capaci-
ties. Reliable products, volume delivery, superior
quality, and value. That's what we're Headstrong
about at Shugart. 0 Shugart Associates:
435 Oakmead Parkway, Sunnyvale, CA
(408) 733-0100 Sales & Service: Sunnyvale,
CA; Costa Mesa, CA; Minneapolis, MN;
Richardson, TX; Waltham, MA, Landing, NJ;
Atlanta, GA, Toronto, Ontario; Paris, France;
Munich, Germany. o Shugart products are
also available off the shelf from local Hamilton/

Avnetoutlets.

VA .Shugart

The Headstrong Family

For more information, Circle No 5




Your low cost way out
of the impedance jungle.

Before they get on board,
fend off wild RCL components for $795 (usa).

L { QS O G
'sources, trap he impedance jungle.
But there Is a low cost, reliable way out.
o0 | w00 |— Armed with the Model 252, you breeze
H 20 wFlkn s 1 through a wide range of values for resistance
I3 200 mSf—y v i
3 s L2 (R), capacitance (C), inductance (L) and
200 2000 b conductance (G) at =0.25% accuracy. The
20 200 |o push of a button gives you dissipation
mH 5 nFl g 4 "-"J factor (D).
p#H 200 pF| 2 fpe=s At $795, the 252 rivals instruments costing
t[efr]o]o ) twice as much

- * 0.25% basic accuracy
W 250 . ‘ * Wide ranges (0.1 pF resolution to 200 uF)

MR ien e os * 3'%-digit display (no manual balance)
* Dual analog outputs (C or L with D)
¢ External bias (to 50 VDC)
* Four measurements/second
¢ 4-terminal Kelvin Klips® (guarded)
* Input protection
* Easy calibration, servicing
* 1 kHz test frequency (120 Hz option)
* Low power design
* Lightweight, tiltstand handle
For systematic GO/NO-GO sorting
there's an optional limits comparator and
sorting fixture.

Want autoranging? Gear up with the
Model 253. And if you test at low frequency.
The Sure WaY : check out the 120 Hz Model 254
For over 25 years we've tamed the ways of
ELECTHO the impedance jungle. A detailed 252

tO innovation. 5C|ENT|HC brochure shows you how.

Electro Scientific Industries, Inc., 13900 N.W. Science Park Drive, Portland, Oregon USA 97229, 503/641-4141; telex 15-1246
For more information, Circle No 6




Edited by Joan Morrow

News Breaks

SPEAKING OF VOICEI/O ...

Talking in either a male or female voice, the MN6401 synthesizes as many as 63 words.
Matsushita Electric’s (Osaka, Japan) chip permits selection of either 10 sec of high-quality
voice output or up to 30 sec of the device’s lowest quality speech.

The synthesizer employs the partial autocorrelation technique (originally developed by
Nippon Telephone and Telegraph Corp), which processes stored digital signals in a manner
approximating the human voice. Matsushita’s 28-pin device performs the same job as the
3-chip set previously introduced by other Japanese firms, but it requires + 5V rather than
-10V.

... A vocal warning conveys an urgency that a flashing light or LCD lacks. At least that’s
the rationale that will lead major car manufacturers to replace conventional warning
indicators with synthesized voices sometime within the next 4 yrs. Top-of-the-line models will
be the first to complain when the oil pressure gets too low or the brakes need adjustment, but
lower cost models will quickly follow suit.

According to a Chrysler Corp spokesman, though, the language barrier must be bridged
before such voice units become commonplace. Thus, first-generation cars will probably
combine a vocal message with a flashing light bearing an international symbol picturing the
difficulty or failure.

A similar problem — operator confusion — hampers military efforts to employ voice display
in aircraft. The units might be too efficient: Airborne-equipment manufacturers are so quick
to capitalize on voice-synthesis technology that crew members run the real risk of having an
entire cockpit of instruments telling their stories at once. Therefore, current research is
examining efficient ways to arbitrate the potential chaos.

.. . Far more has been written and said about synthesizing voice with a computer than
recognizing human speech with a computer. Recognition is, however, the more difficult task.
If you want to learn about the practical ramifications of talking to computers, study the
theories underlying current recognizers and get hands-on experience with the latest
equipment, attend a short course, ‘‘Computer Recognition of Speech,’’ in Silver Spring, MD on
May 1 and 2. You can get more information on the course by calling Speech Science
Publications at (805) 683-1323.—ET

TOP-TO-BOTTOM P INTROS INCLUDE DEVICE WITH ON-CHIP BASIC

Look for a low-end single-chip uC with ROM-resident BASIC (NIBL) interpreter from
National Semiconductor (Santa Clara, CA) in about 2 months. Designated the INS8073, the
device will be part of the firm’s 8070 family and will incorporate 64 bytes of RAM and 2.5k
bytes of ROM.

The introduction is part of the firm’s top-to-bottom assault on the uP market, which will also
include introduction of an advanced 8048-type single-chip uC and a dedicated low-end uP with
a standard CPU ‘‘engine’’ configurable to specific application areas. Also expect to see an
evaluation board for National’s NSC800 CMOS 8-bit uP by early summer.—JB

LAMINATE UPS PRODUCTIVITY, REDUCES PC-BOARD PROCESSING COSTS

General Electric (Coshocton, OH) expects its Engineered FR 4 epoxy/glass laminate to cut
pc-board costs by decreasing the number of reject parts. The product incorporates an epoxy
adhesion promoter or ‘‘bridging agent’’ that improves epoxy-to-epoxy bonds. It also allows GE
to reduce board glass content to 46% of its current value; the resulting 20%-extended drill-bit
life, coupled with less heat generated during drilling with the new laminate, improves

EDN APRIL 20, 1980 15



News Breaks

productivity by reducing rejected boards caused by delamination (from excessive heat),
through-hole irregularities (from dull drills) and resin smear. For more on the subject of pe-
board failures, turn to pg 63.—JT

uP DEVELOPMENT SOFTWARE RUNS ON DESKTOP COMPUTERS

Software-development packages for 8080/8085, 6800 and Z80 uPs have been added to
Hewlett-Packard’s (Palo Alto, CA) application-software library for its Series 9800 System 35
and 45 desktop computers. Each package costs $2500, with the combination of all three
specially priced at $3000. Development software for each uP type, contained on one data
cartridge, includes initialization, editors, assemblers and console programs, along with
special-function-key overlays and instructions.—AS

DMOS FET FAMILY PICKS UP A SECOND SOURCE

Semi Processes Inc (Santa Clara, CA) has signed a second-source agreement with Signetics
Corp (Sunnyvale, CA) to manufacture and sell high-speed DMOS FETs. The agreement covers
the SD5000 quad and SD210 Series single-analog-switch families and the SD305 and 306 dual-
gate RF amplifiers and mixers. Additionally, SPI will develop new DMOS products for the two
companies under the direction of Dr Jean Hoerni, inventor of the planar process and member
of SPI’s board of directors.—WT

COMMON-SENSE SOFTWARE TOOLS OUTFIT THE 6809 FOR THE REAL WORLD

Completely position-independent code is just one of the functionality benefits offered by
Motorola’s (Phoenix, AZ) BASIC-M. The compiler combines the best features of all available
software packages, such as user-definable multiline procedures from PASCAL, and provides
powerful application-programming capabilities. And to make programming even easier, the
firm has also introduced SUPERBUG, a heavily evolved version of MIKBUG that suits 6809
boards. This software package includes utility routines that link to BASIC-M programs.—FE'T

CONFERENCE WILL UPDATE OPTICAL-COMMUNICATIONS APPS, MARKETS

Hurry if you plan to attend the Outlook for Optical Communications conference in Andover,
MA, scheduled for April R7 through 29. The convention will present and discuss the
approaches required to design and market fiber-optic communications products and systems
employing currently available components and will explore the status of rapidly evolving
industrial-technology standards and applications. For registration information, contact
Richard Murray at (617) 267-9425.—T0

FIBER-OPTIC-LINK KIT’S PRICE SLASHED BY MORE THAN 50%

To make it more attractive for design engineers to investigate the advantages of using fiber
optics, Hewlett-Packard Co (Palo Alto, CA) will reduce the price of its HFBR-0010 simplex fiber-
optic-link kit from $570 to $275. Ready to hook up, the kit consists of transmitter and
receiver modules, a 10m cable/connector assembly and complete technical literature. The
modules accommodate data in any format at rates from dc to 10M baud and offer TTL
compatibility. —TO

AT-HOME LEARNING COURSES PROVIDE HANDS-ON INSTRUCTION

Electronic Technology Series self-instructional courses from Heath/Zenith Educational
Systems Div (Benton Harbor, MI) include text material (typically less than 300 pgs),
programmed instruction sequences, audiovisual materials, self-checking quizzes, practical
experiments (components supplied) and a money-back guarantee. Four study subjects are
now available: operational amplifiers ($39.95), active filters ($29.95), IC timers ($39.95) and
phase-locked loops ($49.95). For more information, phone (616) 982-3210.
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T-4 (" long) Intermittent duty

Ounce-for ounce, inch-for-inch Guardian
Tubular Solenoids pack more power ... be-
cause our tubular designs assure total mag-
netic field enclosure and result in efficient,
powerful operation. More efficient than other
DC solenoids. They give you more power in
less space, plus u/L and csaA recognition.

Easy to design-in. Easy to install. By design.
Guardian Tubulars work in
any position. Close tolerance
between plunger and bobbin
means no possibility of
double seating. So they work
in your product just the way
you want them to work.

Mount them directly into
panel by inserting threaded
bushing thru installation hole
and tightening nut on lock
washer. Or, mount with stand-
ard bracket.

Either way, Guardian Tubu-
lars install without damage to
the solenoid. Look how the

T-8 (1%" long) Continuous Duty

T-12 (1%" long) Intermittent Duty

notched tube-steel shell mates with notched
end plate. Result? A stronger assembly that
takes more torque when installing...with no
chance of damage. The leads emerge thru a
notch in the steel shell, so they will not, can
not be sheared by rotation during installation.

Once you put a Guardian Tubular in your
product...forget it. Typical mechanical life is
20 million. That's probably longer than your
product's life expectancy...due primarily to
the unique Valox® 420 molded bobbin.

Variations and specials? Guardian’s got 'em.
Any DC voltage from 6 to 240. Push type or
pull type operation. Return springs, silencers,
termination variations, special mountings . . .
you name it and we'll deliver it with the high
quality craftsmanship and low prices that have
made Guardian Number 1 in Solenoids—and
that keeps us here on top.

Let the Guardian Angel reveal
all the pull charts and curves
in full size. Send for your free
copy of our 72 page catalog.

b\

This mark indicates

recognition under the

®
UARDIAN" st
call 800/621-3348

component program
of Underwriters

Laboratonies. Inc

.

GUARDIAN ELECTRIC MANUFACTURING CO. 1550 West Carroll Avenue—Chicago, lllinois 60607 e 312/243-1100

For more information, Circle No 7



News Breaks

Zilog (Cupertino, CA) also departs from traditional methods of customer education by
offering a 5-part Z8000 study-at-home correspondence course. It’s intended for designers with
a good uP-technology background, with five lessons covering Z8000 architecture, memory-
management techniques, interfacing memory and peripherals, handling of interrupts and
traps, and use of the Z8000 instruction set. Each lesson contains a 10-question quiz that is
graded and returned with a critique of your answers. The course and all required study
material cost $39. To enroll, phone Kathy Trappen at (408) 446-4666.— WP, JM

PC-BOARD STANDARDS UPDATE INCLUDES DATA ON ‘“MEASLES”

Recent discussion of pe-board failure modes (see pg 63) might make the IPC Guidelines For
Acceptability of Printed Boards (IPC-A-600C) even more valuable — especially because this
latest version contains new information on measles, an internal condition in boards’
laminated base material in which the glass fibers separate from the resin at the weave
intersection.

The document ($5 to members, $8 to nonmembers) contains photographs that visually
standardize individual interpretations to specs on pc boards, plus acceptability criteria for
single- and double-sided and multilayer printed boards, flexible circuits and flat cable. You
also get descriptions of the various test methods the IPC recommends. For more information,
contact the IPC at 3451 Church St, Evanston, IL 60203, or phone (312) 677-2850.—JB

50-MHz DELAYED-SWEEP SCOPE SELLS FOR $1748

The latest entrant into the lab-scope sales sweepstakes is Hitachi Denshi Ltd’s (Woodbury,
NY — phone (516) 921-7200) 50-MHz delayed-sweep unit, which includes probes. The rest of
the Japanese-import line consists of 15- and 30-MHz single- and dual-trace units priced from
$545 to $945. The 50-MHz instrument features 5-mV/div sensitivity, trigger view and
automatic trigger.—AS

FIBER-OPTIC TRANSMITTER STRETCHES LINES TO 1000m

The HFBR-100R2 fiber-optic transmitter can send signals 1000m — 10 times farther than
Hewlett-Packard’s previous MFBR-1001 unit equipped with the same -2001 receiver and -3000
Series cable/connector assemblies. The $235 (100) unit is pin compatible with the earlier
device and can handle data rates from dc to 10M baud. The cables are available in any user-
specified length, not in just five discrete lengths to 100m, as noted in the Palo Alto, CA
company’s current catalog.—AS

COMING ATTRACTIONS ...

Attendance at the Microprocessor Design or Microprocessor Design Lab Operations
workshops is a prerequisite for enrollment in Tektronix’s Microprocessor Project
Development course, to be held on April 21 through 25 in Santa Clara, CA and May 19 through
23 in Chicago, IL. The $600 hardware-oriented course focuses on the operation of devices
commonly employed in uP hardware design and on the equipment and techniques available for
fast and convenient software/hardware integration. Call (503) 644-0161 collect for more
information ... An intensive 4-day course on VLSI technology will be held at American
University, Washington, DC, on June 3 through 6. Coverage will encompass both fabrication
fundamentals and applications of VLSI circuits, with emphasis on digital signal processing for
the '80s. Certificates of Completion and Continuing Education Units will be awarded to those
participants who complete the $525 course. Phone Jennifer Murphy at (202) 686-2697 for all
the details . .. A $750 seminar, entitled ‘‘PASCAL Programming for Mini and
Microcomputers,’’ covers a general approach to the use of high-level languages in small
computers, including an intensive course in PASCAL programming, a preview of ADA (the
evolving Department of Defense standard real-time language) and an introduction to
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Nationally improved

A unique combination of design
and munufucturin? techniques results
ina truly rel oble family of

dynamic RAMs.

With fhelr excluswe combination of design
and manufacturing procedures, National’s
MM5290 Family of 16K dynamic RAMS is
sefting new industry standards for reliability.

The readily available MM5290 Family is
designed so that soft errors induced by stray
alpha particles are virtually eliminated.

Furthermore, National has extensive
component test procedures, which include
pre-burn-in, monitored burn-in, final test,
and Quality Assurance checks.

The combined effect, of course, is unsur-
passed operational accuracy and depend-
ability in every 16K dynamic RAM shipment.

The first and only MST. ™
In addition to National’s use of con-
ventional final testing and QA component
level processing, many customers request
National’s unique MST (Memory Systems
Test). MST eliminates or greatly reduces the

cusfomer's own requirements for intemnal
testing. So their incoming test, board test
and system rework costs are substantially
reduced.

The MST system duplicates the fest flow
of a sophisticated systems manufacturer.
Using an actual nine-megabyte card level
system fo perform the festing, the dyna
RAMs are burned in at elevated ambient
temperatures and at sfress voltage levels.

The MST program then applies multiple
test patterns, power supply margin tests
real-time error logging, and hours of ¢
uous testing over the operating tempx
range in the nine megabyte system.

All of which serve to screen out t
and system level rejects. The kind of
that are impossible to detect using co
ponent level tests that only take seconds
to perform.

For more detailed information about MS’
and the MM5290 Family - plus a Reliability
News Brief on alpha particle test results —

‘be sure to check the National archives cou-

pon below.
mamy RAMs from a quumy source.

jality producndn house for @ long time.

MSTaneraslSKRAMsthatoreﬂvs’rm
Id’ﬂbl

excdlence MSTquanm‘
in produc
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STARPLEX aids

microprocessor development.

For the first time, real-time 8048
Family emulation and debugging in a
multiprocessor environment.
With the STARPLEX system, National
Semiconductor has created an easy-to-use
development tool that helps design engi-
neers complete their entire job in one place.
Using STARPLEX and National’s 8048
Emulator Package, designers of 8048 Family
systems get the kind of sophisticated fool
needed for efficient microcomputer de-
velopment. And with 8048 ISE™
(In-System Emulator), they get capabilities
that up to now simply haven't been available
in this type of instrument.

What is ISE?

National’s ISE is a separate STARPLEX
module housing 32K bytes of real-time map
memory, plus all the necessary logic for
breakpoints, tracing, and memory mapping.
These resources are available for the emula-
tion of any processor, since the individual
emulation packages are the only compo-
nents dedicated to particluar processors.

And since ISE doesn't share the
STARPLEX BUS, the system doesn't have
to compete for memory access with its
STARPLEX host.

ROM display and disassembling.
The 8048 emulator package provides
capabilities which zero in on the problems of
designing with single-chip microcomputers.
The target card has its own 4K of RAM dedi-

cated fo the real-time emulation of the
processor’s program ROM. So the designer
has complete access to this memory through-
out emulation.

He may examine and disassemble exist-
ing ROM confents, make changes, and

execute the altered code. This gives him con-
siderable flexibility in new product design,
as well as in debugging existing systems con-
taining a previously masked 8048.

There’'s more to STARPLEX
beneath the ISE.

National's easily-learned software comes
completely integrated info the STARPLEX
system, including an automatic testing mode
called “In-File” that will implement a pre-
defined sequence of tests. And ISE can also
record those results, so you can see exactly

how each part of the system operates during

. testing.

STARPLEXs symbolic debugging capa-
bility provides not only the usual breakpoint
conditions, but also a “coast” command
which allows you to continue executing a
program after the breakpoint combination
has been satisfied.

STARPLEX can not only develop and
debug software for National's 8048 Family,
but also for 8080, 8070, NSC800, 8085 and
Z-80® microprocessors plus BLC/SBC Series
80 boards.

When you get right down to it, National's
STARPLEX with ISE offers features not avail-
able in any other development system on the
market today. Yet it costs substantially less
to own and operate than any system currently
being sold.

Practical Wizardry strikes again. |

STARPLEX and ISE are trademarks of National Semiconductor
Corporation. Z-80 is a registered trademark of Zilog Corporation.

Series/80 microcomputer products

brought back

down
to earth.

National doesn't just make over
seventy-five Series/80 computer
products. They make them practical
with test points, options, functional
design and availability.

Some manufacturers build flashy
boards loaded with far-out technology that
you don't need and won't ever use. But not
National. They make practical, reliable boards
that do just what you buy them for.

And National makes more kinds of those
practical, reliable Series/80 products than
any other manufacturer.

The Series/80 Family is by no means just
a second source supply. No other supplier

- -’.‘@rﬁ‘.‘,q

beats National's reliability, functionality of
design, user options, or variety of products.
The Series/80 Family includes CPUs,
memories, controllers, analog and digital 1/0,
peripheral controllers, firmware, card cages,
power supplies, cables and just about any-
thing you need for just about any application.

Test procedures make them
practically perfect.

National’s boards are designed to be
functional, easy fo design in and totally con-
sistent in operation. That's why test points
have been designed into each board. So fest-
ing becomes an integral part of the design
phase and continues throughout National’s
unique dynamic high temperature burn in.

To further ensure reliability, you also get
a full one-year warranty with each Series/80
board that you buy from any of National’s
distributors worldwide. The longest warranty
in the industry.

All from the Practical Wizards who
finally brought space-age technology back
down to earth. |




| |

“National is the only broad-based
supplier of Custom MOS/LSI.’

“There is only one supplier of Custom
MOS/LSI components that has the design
resources of a billion-dollar company behind
it. National Semiconductor.

“With all that weight behind us, we've
had considerable success in furning out the
highest quality Custom components you
can find.

"But depending on your applications,
unit volume and several other considerations,
we may find that standard microprocessors
or discrefe logic would be your best solution.

“This is where National stands alone
among all Custom suppliers. Because if your
needs don't actually justify the Custom
approach, we won't try to sell you on itf.

“National's standard product line is
extremely broad-based, numbering
literally into the thousands. And we
in Custom MOS/LSI can and do

bring all these resources to bear in finding
the design solution that best fits your
needs.

"It may turn out that your product could
make reasonably efficient use of standard
microprocessors’ generalized instruction set.
Or even a discrete logic design. But when
your unitvolume is, say, 40K or more, a Custom
circuit may reduce systems costs.

“We'll design Custom circuits for you if
it's a sound decision. But if not, National has
plenty of other Practical Wizards that can
tailor your system anyway.

“That’s why everyone who comes to
National for Custom MOS/LSI gets the best
solution possible.

“If you're undecided as fo which design
approach is right, come to National
Custom MOS/LSI. Can you afford

not to?” |

Mike Turner, Marketing Manager, Custom MOS/LSI

[ N N S S S S N .
What's new from the National archives?

005 [ Additional Custom MOS/LSI 036 [ Optoelectronics Handbook
Information (S3.00)

006 [ Special Functions Data Book 037 [ Additional STARPLEX and
($6.00) ISE Information

0715 [ MST Program Brochure 038 [J MM5290 Data Sheet and

035 [J Additional Series/80 Additional Information
Information

Enclose check or money order based upon appropriate currency. Make checks
payable to National Semiconductor. Allow 4-6 weeks for delivery.
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Gralex meters are available at these distributors:

Brownell Electro, Mobile Al 36607 - 205 479-8581 Metermaster, Phoenix AZ 85040 - 602 243-4111 Fisher-Brownell, Santa Clara, CA 95050 - 408 988-6041 Fisher-Brownell, Los
Angeles, CA 90061 - 213 770-0310 Fisher-Brownell, San Diego, CA 92123 - 714 231-1041 Metermaster, Los Angeles CA 90040 - 213 685-4340 Metermaster, Palo Alto CA 94303
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667-8346 Brownell Electro, Woburn MA 01801 - 617 935-7820 Brownell Electro, So. Plainfield NJ 07080 - 201 753-4600 Century Electronics, Albuguerque NM 87108 - 505
292-2700 Brownell Electro, Charlotte NC 28216 - 704 394-3186 Summit, Rochester, NY 14623 - 716 334-8110 Summit, Buffalo, NY 14202 - 716 884-3450 Instrument Mart Inc.,
Great Neck NY 11021 - 516 487-7430 Brownell Electro, New York NY 10011 - 212691-1171 Sunshine Scientific Inst. Inc. Phil. PA 19115-215673-5600 Brownell Electro, Knox-
ville TN 37922 - 615 690-8312 Brownell Electro, Memphis TN 38116 - 901 332-9258 Brownell Electro, Nashville TN 37201 - 615 889-8230 Metermaster, Garland TX 75041 - 214
271-5671 Meters and Instruments Corp., Houston, TX 77023 - 713 644-1631 Century Electronics, Salt Lake City UT 84119 - 801 972-6969 Summit, Canada Zenith 2-7710




News Breaks

structured-programming techniques. The seminar will be held in Lexington, MA on July 28
through August 1. Professor Donald D French can give you the scoop — call (617)
964-1412.—J M

VHSIC CONTRACTS WILL ENHANCE MILITARY ELECTRONIC SYSTEMS

Focusing on CMOS/S0S technology, Rockwell International’s Electronic Systems Group
(Anaheim, CA) and Sanders Associates (Nashua, NH) will undertake a $1.6 million 1-yr
contract for the definition phase of a very high-speed-integrated-circuit (VHSIC) program. The
team will address the signal-processing requirements of communications, imagery and
electronic-warfare systems — with the aim of developing a broadly applicable architecture for
these disciplines.

In a separate development, Westinghouse Electric Corp (Washington, DC), with team
members National Semiconductor, Control Data Corp and the Mellon Institute, has also
received a $1.2 million Phase O VHSIC contract from the US Navy. The group will select
candidate systems for potential VHSIC applications and prepare a technical approach for
subsequent phases.—W'T, JM

SYMPOSIUM TO EMPHASIZE STEPPING-MOTOR APPLICATIONS

If requirements for accurate positioning leave you at a standstill, the ninth annual
Incremental Motion Control Symposium will bring you up to speed. Most of the gathering’s
planned exhibits and 40 of 50 scheduled papers will center on stepping-motor applications,
while the remaining presentations will treat dc-servo systems and other motion-control
schemes. For more information on the conference, slated for June  through 5 in Champaign,
IL, contact the Incremental Motion Control Systems Society, Box 2772, Station A, Champaign,
IL 61820, or phone (R17) 333-4341. And to pique your curiosity on the subject, turn to pg 37
in our April 5 issue for an update on stepper-motor technology. —RN

THE FOCUS IS ON COBOL FOR COMMERCIAL APPLICATIONS

Having discovered that 90% of the programming for the commercial and small-business
market occurs in COBOL, Zilog will aim its next generation of computer systems at the
multiterminal COBOL environment. To actively pursue this market, the Cupertino, CA-based
manufacturer plans introductions, beginning in the second quarter, of a new family of'
computers that will offer increased floppy-disc storage, a multitasking operating system,
faster processing and increased remote-data-communications capabilities. These systems will
be based on the 4-MHz Z80A uP and will address the same applications as the firm’s current
MCZ-1 family. —ET

HOTLINE SERVES HANDICAPPED PERSONS’ EQUIPMENT NEEDS

If you’re physically handicapped (or know someone who is) and require information on
communication equipment, call (503) 357-4354, a hotline set up by Tektronix’s (Beaverton,
OR) Special Interest Group on Computers and the Physically Handicapped. Monitored by an
answering machine, the hotline answers questions and provides referrals regarding the
special-equipment needs of the blind, motor impaired or deaf.—JB

INSTRUMENT FIRM OFFERS CONSULTING SERVICE

The Nicolet Consulting Group (Northvale, NJ) provides a service for the solution of various
structural problems — whether you’re using Nicolet Instruments equipment or not. The
group specializes in vibration and dynamics problem solving, computerized dynamic
modeling, performance prediction and dynamic model verification. To discuss this service,
contact Dot Hubner at (R01) 767-7100.—JM
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NOTHING
SUCCEEDS
LIKE
LEESS

That quotation from Alexan-
dre Dumas certainly applies
to INTERSIL INSIGHT. Our
first issue brought a deluge
of inquiries from engineers
wanting to know more about
the latest in our broad line
of linears, RAMs, ROMs, data
acquisition systems, power
MOS, display drivers...you
name it. And INTERSIL
INSIGHT #2 is equally
packed with timely infor-
mation. So when an item
_catches your eye, just check
the appropriate number on
the coupon on the back page
for more product data. We
call it the You Got Me! cou-
pon. Be sure to check it, clip
it, and send it in. Additional
information will be on its
way to you fast. And in case
you missed INSIGHT #1, you
can check 17 for a reprint.

Lo

oY

Power your analog circuitry from
your digital power supply with the new
CMOS ICL7660. It’s a unique monolithic
chip which converts positive voltage to
negative voltage with 99.9% voltage con-
version accuracy (R.=0). With 98%
power conversion efficiency (R, =5K(2).
And loyr is greater than 40mA (Rour =
55(2). So forget about that expensive sec-
ond analog supply or those bipolar kluge
circuits. Need —5V for a board full of
dynamic RAMs? The ICL7660 is the inex-
pensive answer: only $1.95 each in 8-pin
minidips, in 100 piece quantities. Need
higher negative voltages? Just cascade mul-
tiple 7660’s. Need more current! Hook
76605 in parallel. It's a very versatile device.
Check 18. il

“Nothing Succeeds Like Success” |}

For our Alexandre
Dumas poster,

check 20.

Acquire
Data One
Mile Away
with 2
REMDACS

I you design data acquisition systems,
our new REMDACS concept will light up
your life at a cost of only $30 per channel.
REMDACS is a remote data-acquisition
and control system which permits analog
sensors to be linked to a host computer
up to one mile away...through a single
twisted pair of wires. REMDACS consist
of two basic cards. The 4 x 7-inch remote
station board will accommodate either
voltage or temperature measuring inputs.
The other 4 x 7-inch receiver/transmitter
card not only handles communications
with the remote stations, but formats
data to and from the host computer. Con-
versation between cards is in a serial
party-line protocol. Need more stations!
A single receiver/transmitter card can
address up to 512 remote stations...256
with 24-bit dual-word-length message
formats and 256 with 44-bit message con-
figurations. For quick evaluation, a third
card is available which is compatible with
the RS$232 serial I/O port standard on
most CPUs. For our brochure on this ex-
citing new D/A system concept, check 19.

TM—REMDACS is a trademark of Intersil, Inc.
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pair line...
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PROVED
CMOS
TOUCH-

ONE
ENICODER.

Heres a new version of Intersil’s
popular CMOS 7206 touch tone encoder.
The new ICM7206C combines both oscil-
lator mute and single contact keyboard
functions on one chip—and avoids spuri-
ous side tones. The 2-of-8 sine wave touch
tone encoder features fast oscillator start-
up (5ms), extemely low distortion (<5%)
and low voltage operation (down to 3V).
The ICM7206C works with either 3x4 or
4x4 key formats for minimum cost key-
board design. It's intended for telephones,
numeric data entry and the like.Check 21.

A Low Cost
Alternative
Micro for OEM
PDP-8 Users.

Ik you're getting long delivery quotes
on PDP-8® minicomputers, here's an
attractive low-cost alternative: Intersil’s
new LSI8 microcomputer. It’s ideal for
medium and high volume general-purpose

applications requiring a powerful, reliable,
easily serviced computer. It comes in four
modules: CPU with dual serial I/O; 32K
RAM memory board; 4K battery-backed-
up CMOS RAM board; and DMA flexible-
disk controller. And a large software base
is available. The full system, with CPU,
32K memory and dual flexible disks, is
$4145 in 25-unit quantities. Without dual
flexible disks, systems start at $1525.
Check 22.

® PDP-8 is a registered trademark of Digital
Equipment Corporation.

A HIGH-
SPEED
LOW-
POWER
2147,

Bt called the IM7147. It features 55ns
access time and consumes only 20mA in
the standby mode. This new 4K static
RAM has all of the good things associated
with Intersil’s expertise in CMOS, includ-
ing lower power dissipation and higher
system reliability. Not to mention the
reduction in power supply and cooling re-
quirements. The bottom line is superior
performance with significant savings. The
price: $36.80 in 100s. For more informa-
tion, check 23.

Operating Standby Access

Power Power Power
IM7147 125mA 20mA 70ns
IM7147L 100mA 10mA 70ns
1M7147-3 125mA 30mA 55ns

IM7147L-3 1I0mA 20mA 55ns

(military)

IM7147LM

125mA 20mA 85ns

TWO NEW
CHIPS FOR
VACUUM

FLUORESCENT
DISPLAYS.

4/, Digit
Counter with
VF Static

Display Drivers.

The ICM7236/ICM7236A are new
low-power up-counters with static driv-
ers for vacuum fluorescent displays. They
are high-performance CMOS devices
including decoders, output latches, count
inhibit, reset and leading-zero blanking
circuitry on a single chip. For fast count-
ing, 15MHz is guaranteed and 25MHz is
typical. ICM7236 has a maximum count of
19999, ICM7236A has a maximum count
of 15959. Power consumption is only 10uA
typical. Store and Reset inputs permit use
as a frequency or period counter. The
price in plastic: $5.86 in 100s. Check 24.

From uP to
VF Display
with One
Chip.

T he new ICM7235 is a single chip in-
terface between microprocessors and
non-multiplexed 7-segment vacuum fluo-
rescent displays. It comes with multiplexed
BCD input for digital logic interface, or



INTERSILINSIGHT

with high-speed uP interface. You can get
either hex (0-9, A-F) or code B (0-9, dash,
E, H, L, P) outputs. The ICM7235 features
display blanking, static discharge protec-
tion, brightness control and, most signifi-
cantly, the saving of up to seven TTL or
CMOS devices per display. It's great for
digital instruments, automobile readouts
and a wide range of other displays appli-
cations. For more data, check 25.

MULTIBUS’

MICROS.

T he new MCB-332 32K byte memory
board features low-power CMOS static
RAMs and total compatibility with SBC
80/10, 80/20, 80/30 and 86/12 microcom-
puters. Data can be either 8 bits or 16 bits
wide, depending on MULTIBUS control
inputs. Worst case memory access time is
350ns max. Memory cycle time is 500ns
min. Fast response time requires no wait
state injection when used with most
microcomputers. All interface address,
data and command signals are TTL-com-
patible, and battery back-up is on board
for 21-day data retention. All this, plus
immediate delivery from Intersil. Check
26 on the You Got Me coupon.

® MULTIBUS is a registered trademark of
Intel Corp. .

DESIGNER’S CORNER:

(THE FIRST OF A CONTINUING SERIES)

Switching Pre-Amp Extends
A/D Converter Sensitivity*

The low-signal resolution of an A/D
converter such as the Intersil ICL7106 is
limited by the noise level at 100mV per
count. Simple preamps can cause prob-
lems, and choppers can be expensive. But
a differential preamplifier, phase-switched
at 509 duty cycle, will virtually eliminate
input offset error and allow a 10 times
increase in converter sensitivity. The nor-
mal conversion process will not be affected
...theconverterwill see theaverage of V|
over the switching period, multiplied by
the gain. However, offset voltage at the
input will be alternately fed to the con-

verter with +Ve and — Ve polarity. The
equivalent offset voltage over a cycle will
be near zero. The LCD backplane drive of
the ICL7106 is a perfect 50% duty cycle
signal, synchronous with conversion, to
drive the Intersil IH5046 analog switches
at a nominal 60Hz rate. The TEST output
(37) provides the low logic level to the
switch drivers. Most dual op amps will be
suitable, but devices with crossover dis-
tortion (viz, LM324) should not be used.

*Copyright McGraw-Hill, Inc., 1979. All rights
reserved.

OPERATIONAL AMPLIFIER
4 LM348

ANALOG SWITCH
IH5046

+5Vv
IH5046 l

o

L

V+ 37

TEST

sV »sv]

| 9 f N osc 1 P
1 39
s -O/I‘J; ! ICL7106 S 7T el
\ 3 | o I osc 3
| o | 314-DIGIT A/D o P
| | CONVERTER  REF HI 22 k)
i | REF LOF2
Vir : : common 24 1 ki
] ] -
: | +REF C L“ﬁ
6 | s 30 1 0.1 uf
_o)l‘ﬁ /‘c IN LO ReF C B2 T
1.3
f | 29 047 uF
=7 \ 4 4 Az
| © o BUFF |22 47k0
i 27
INT‘_‘
| s 2l 0.22 uF
q s LQ e
A-F q TO SEGMENTS
OF 3% DIGIT
= LIQUID CRYSTAL
= 2 DISPLAY
1,12 4
" 42[ u| T I v

T TO
~5V  DISPLAY

A SEMINAR FOR SERIOUS DATA
ACQUISITIONERS ONLY.

From March 18 through May 2, Intersil
will be presenting in-depth data acquisition
seminars across the country. The focus is
real-life applications. But no “overviews!
No ABCs. In three information-packed
hours, you'll get an armload of state-of-
the-art techniques for designing data
acquisition systems. You'll also see real
systems that have been prototyped and
tested: a high-speed successive-approxi-
mation multi-channel system, an auto-

ranging 4¥5-digit DMM system, a complete
frequency/period counter/timer system,
an intelligent instrument system, a digital
transmitter/transducer system, a remote
data system with serial output. This seminar
is a must for any serious data acquisitioner.
For date and location in your area, call
(408) 996-5403.




CMOS UART PMOS UART

Speed up to 4 MHz 200 KHz
Power Consumption

— Active 6.6 mW 385 mwW
Power Consumption

— Standby 44 mW 385 mW
Power Supplies Single Two or Three
Noise Immunity 50% 30% or less
Operating Temperature ~40to+85°C° Ute70C
Price $3.80 $4.00-$7.50
*Military temperature unit also available.

CMOS UARTS
20x FASTER
THAN PMOS.

The chart tells the story. Our IM6402/

IM6403 CMOS UARTs beat PMOS UARTs
hands down in speed and price. What's
more, the CMOS technology offers lower

power, better noise immunity, better reli-
ability, and greater flexibility. For instance,
you have two oscillator options: the IM6403's
on-chip oscillator eliminates additional
circuitry such as baud-rate generators; or
use the IM6402 and add your own off-chip
clock generator. Both devices are pro-
grammable for 5 to 8-bit word lengths and
interface to most popular microproces-
sors, such as the Intersil IM6100 CMOS
family. For full technical data, check 27.

VOL. 2

L7
L] 18
L] 19
] 20

Name

L] 21
L] 2
] 23
[] 24

INMNEIRS L

YOU GOTME!

Please send me data on the following:

For more information, just =
check the appropriate box, g
then clip and mail!

Intersil Insight
Marketing Services
10710 No. Tantau Ave.
Cupertino, CA 95014

Tel: (408) 996-5000 Outside California
TWX: 910-338-0171 (800) 538-7930
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New Lt

Commutating Design for IC
Amplifiers Virtually Eliminates
Offset Errors (1R 010).

An article reprint from Electronic Design
covering operation and application of our

new ICL7600/1CL7605 Commutating
Auto-Zeroing(CAZ)amplifiers. Check 28.

Dual Word Length Serial Protocol
Improves Data Acquisition Network
(#R007).

Detailed discussion of protocol considera-
tions involved in revolutionary new
REMDACs remote data acquisition con-
cept. Reprint from Computer Design.
Check 29.

Reduce CMOS Multiplexer Troubles
Through Proper Device Selection
(#R009).

Reprinted from EDN, this tells how to over-
come output leakage current and over-
voltage protection problems in CMOS
analog multiplexers. Also, how to reduce
component count and cost. Check 30.

Order ourbig, brand-newDataAcquisition
Handbook: only $5. The last word on the
whole spectrum of leading-edge data ac-
quisition products, systems, design and
debugging information. Send check or
money order to the Intersil Marketing
Services address on the coupon.
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Designing takes a degree
of imagination

Dear Editor:

For years I have been reading
articles in trade magazines on
how nondegreed people have
been encroaching on the sacred
domain of the graduate engi-
neer. The feeling I get from
these stories is this: Only if one
sits through 4 yrs of college
classes is one qualified to do
design work. :

I have been working in
electronics for more than 10 yrs,
the last five of which have been
spent designing electronic
equipment. I have achieved this
record without the sanction of
an accredited college or univer-
sity, proving that formal
education does not necessarily
qualify a person for electronic
design. Indeed, some might
even be so bold as to say that a
structured system smothers an
individual’s imagination and

“ 1 WAS QUITE ELATED
WHEN HE SAID THEY PLANNED
TO SPEND MONEY LIKE WATER
FOR RESEARCH..........
IT TURNED OUT TO BE
A DROP AT A TIME.”

common sense.
Until it’s recognized that the

degree does not make the

person, many good people and

ideas will be wasted.

Sincerely,

John T Abrams

Society for the Prevention of

the Glorification of Sheepskin

Bohemia, NY

Even editors get
the blues sometimes

We’re embarrassed. In our
writeup of Datel-Intersil’s
ADC-815 (Editor’s Choice,
February 20, pg 69), we omitted
a basic parameter. The A/D
converter is a 10-bit unit. We
thank John D Fogarty of
Columbia, MD, and other
readers, for putting us in our
place.

Obscure timer specs

Dear Editor:

The article on IC timers (EDN,
January 20, pgs 111-117)
prompts me to offer an
observation regarding a 556
quirk: In Fairchild’s and
Signetics’ 556s, at least, but not
in National’s, trigger LOW
overrides threshold HIGH to
maintain Q HIGH. I employed

Your turn...,

EDN welcomes your com-
ments, pro or con, on any
issues raised in the maga-
zine’s articles. Address
letters to Signals and
Noise Editor, EDN, 221
Columbus Ave, Boston,
MA 02116. Names will be
withheld uponrequest. We
reserve theright to edit let-
ters for space and clarity.

EDN APRIL 20, 1980

Carborundum
noninductive
ceramic power
resistors solve
tough problems.

Carborundum makes three types of
noninductive ceramic resistors that
can solve tough resistance problems,
save money and space.

Regardless of the pulse shape, we
have the resistor. Our Type SP handles
large amounts of power from 60
cycles to many megahertz. Type AS
can absorb huge amounts of energy
while maintaining its noninductive
properties at high voltages. Type A
solves high resistance problems in
high voltage situations.

For more information on ceramic
power resistors and our broad line of
thermistors and varistors, contact:
The Carborundum Company,
Graphite Products Division,
Electronic Components Marketing,

P O. Box 339, Niagara Falls, New York
14302. Telephone: 716-278-2521.

CARBORUNDUM @

A Kennecott Company
For more information, Circle No 9
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Visicorder Model 1508B

Visicorder Model 1856A Visicorder Model 1806A




MEET SIX TOP

RECORD MAKERS.

Perhaps the data you need

can best be obtained by a high-
performance oscillographic
recorder with excellent trace
resolution. Or you may require a
linescan image recorder having
very fast scan rates and a broad
gray scale. Whatever it takes to
get your data, chances are you
will get it faster and easier with
one of the recorders shown here.

These Visicorder oscillographs
set the standard for high-per-
formance graphic recording.
Visicorder Model 1858 is a
completely self-contained system
with up to 18 channels, yet it
stands less than nine inches high.
This unexcelled portability,
enhanced by a wide selection of
miniature, plug-in signal condi-
tioners, makes the Model 1858
ideal for field or mobile use. And
its dc to 5 kHz response, wide
chart speed range, 100 .V-300V
input sensitivity, and the ease
with which it expands to 32 chan-
nels also make it a favorite in
the lab. A fiber-optic CRT assures
sharp traces of high resolution
across the entire 8-inch record.
Visicorder Models 1508B
and 1508C offer dc to 25 kHz re-
sponse, wide chart speed range
and writing speeds greater than
50,000 inch/sec. Both combine

high-linearity optical systems

with sensitive galvanometers

to produee extremely accurate
8-inch-wide recordings. The

Model 1508B has 24 data chan-
nels plus 4 for event recording;
Model 1508C has 12 data channels
plus 2 for event recording.

Visicorder Model 1912 offers
the most data channels, widest
recording paper, and widest trans-
port speed range of all Honeywell
galvanometer-type oscillographs.
This versatile recorder can
handle up to 36 channels of data,
in addition to 6 channels of event
recording. It accommodates
12-inch-wide paper at speeds
from .005 to 200 inch/sec.

Do you need 4-axis recording
capability? Our linescan image
recorders give you the kind

of record quality you can only
get with a direct writing
fiber-optic CRT.

Visicorder Model 1856A pro-
duces 6-inch-wide records that
have exceptionally high resolu-
tion and wide gray scale. This
makes the recorder particularly
suited for such applications as
facsimile, spectrum analyzer read-
outs, IR mapping and echocardi-
ography. Z-axis response is dc to
8 MHz, Y-axis is dc to 75 kHz, and
the X-axis is capable of scan rates
to 18,000/sec. Accessories are
available for film records.

Visicorder Model 1806A can
record, on 6-inch-wide paper,

high-frequency signals that would
otherwise require magnetic tape
or oscilloscope camera tech-
niques. It offers Y-axis response
fromdc to 1 MHz, Zaxis to 10 MHz,
X-axis to 1 MHz and writing speeds
greater than 1,000,000 inch/sec.
The Model 1806A also accommo-
dates accessories for film records.

Honeywell’s Accudata signal
conditioning modules speed
most recording and measure-
ment tasks.

Whether you need to control
and amplify strain-gage signals,
drive oscillograph galvanometers
or magnetic tape recorders, or
amplify low-level signals where
relatively high common mode
voltages are encountered, we
have the modules to do the job
easily and economically. Just give
us your requirements and we'll
show you an Accudata signal
conditioner than can meet them.

For detailed information on
any of these recorders or Accudata
modules, call Lloyd Moyer at
(303) 771-4700. Or write for our
technical data sheets and a free
brochure that describes all of
Honeywell's Visicorders, mag-
netic tape systems and Accudata
modules. Honeywell Test
Instruments Division, Box 5227,
Denver, CO 80217.

WE'LL SHOW YOU A BETTER WAY.

EDN APRIL 20, 1980

Honeywell

For more information, Circle No 10
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High Performance
Op Amps

Signals & Noise |

this feature in a design and
found it necessary to specify

'Z—C\JI‘;V ":'_0:‘5!5 F"IET“ 4 4 which firms’ 556s could and
FECH S RIS 20108 ’ could not be used.
¥15 VAl Shagle Suppty My experience reminds me of
+600V/ .sec Slew Rate EoaD A
10062 Input Impedance the old rule that says never
Model 9913 8-Pin DIP depend on an unspecified
$18.00 (3-9) characteristic.” I grant, though,
) that 555-type products’ data
LOW NOISE FET o sheets have been among the
5nV/./5Hz Noise Voltage 1 more obscure I've encountered.
+150V/ usec Slew Rate : Sincerely
Adj. Current and Voltage Gains %,
100G Input Impedance Ighqfiérrzgk
Model 9923 14-Pin DIP ; ESZIe g "gme?r "
$35.00 (39) ectronics Corp

San Francisco, CA

HIGH SPEED - LOW COST

MIL Packages also available 60dB Open Loop Gain
Request 96-page Op Amp. 300MHz Gain Bandwidth Product
Function Module Catalog. ’ 150nsec 0.1% Settling Time Memory refresh
+150V/ usec Slew Rate Dear Editor:
Model 906H 14-Pin DIP EDN’s article on pro-
w $15.00 (3-9) ble - hoi
grammable - memory choices
Box 1140 @ Tucson. AZ 85734 @ 602 624-8358 ¢ TWX: 910-952-1283 (January 5, pgs 80-98) incorrect-
ly referred to the Texas
For more information, Circle No 398 oL Instruments TMS 2508 as being

the same device as the
industry-standard 2758. The
TMS 2508 is a true 8k 5V
EPROM which operates at a
maximum access time of 250
nsec. The 2758 (which TI also
supplies) is a partial 16k 5V
EPROM operating at 450 nsec.
Sincerely,

Frank Hrobak

MOS Memory Marketing

Texas Instruments Inc
Houston, TX

" NEXT TIME

In EDN’s May 5 issue, look for a

preview of key sessions and prod- |
uct exhibits at NCC '80. This |
year’s National Computer Con-
ference promises to be bigger and

S/D, D/S Angle Position Indicators,
Linear DC output, high rel.
2 speed and specials

WE KNOW OUR SYNCHROS | better than ever, and EDN will be
there. Also look for feature articles
on

* The latest serial printers, com-
plete with a handy clip-out chart

* The next step in EDN’s hands-on
uC Design Series exploration of
analog uPs

VERNITECH

a division of Vernitron Corporation
300 Marcus Boulevard, Deer Park, N.Y. 11729
(516) 586-5100 / TWX 510-227-6079
, . o .
POTENTIOMETRIC TYPE PRESSURE TRANSDUCERS + VIBRATORS * MOTOR GENERATORS You can’t afford to miss this issue!
SERVO » STEPPER » SYNCHRO/ DIGITAL CONVERTERS » READOUTS » BRAKES & CLUTCHES EDN: Everything Designers Need |
INERTIALLY DAMPED AND HYSTERISIS SYNCHRONOUS MOTORS L ﬂ

e —

For more information, Circle No-399
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You really do have a broader choice.

More power—or less—
than you'll find anywhere
else. With about 30 stan-
dard sizes in between.
Popular models like our
1, 5, and 8 Ampere Hour
batteries. Or unique,
special-purpose

When you need main- the same American-made \
& YVaY AVaVaVa\

tenance-free rechargeable dependability as our larg- '/ N \'/ ./\\./ N
batteries, you'll find the est Carefree Magnum® /‘./ /l‘.\’/\‘\’/A\’A‘,
broadest range of sizes in models. These
the Carefree® line— Magnum® batteries All Carefree® recharge-
models either more are noted in the in- ables feature immo-
powerful or less power- dustry for providing bilized electrolyte
ful than those available up to 20% more technology. Guar-
from our competitors. power in the same- anteed to deliver

Our 6 Volt 12 Ampere size cases as conven- 100% capacity
Hour model—the world’s tional models. on first cycle, unlike

smallest maintenance-free

R gels. None of the
rechargeable —provides

[JPlease have a Salesman call.

If you want to get technical, give us a call.
R R S . WL A AP e

MORE POWER TO YOU! (OR LESS)

memory problems of
nickel cadmium. That'’s
why Carefree® immobil-
ized electrolyte tech-
nology is becoming the
standard of the industry.
Specify it in your next
design.

For some quick atten-
tion, fill out our coupon,
or call us. Today.

Carefree

Caretree

r

Carefree

—
1

JPlease send me literature on your Carefree®
aintenance-free rechargeable lead calcium batteries.

Eagle-Picher ® Commercial Products Department
P.O."Box 130 ® Seneca, Missouri 64865

——— —————————— —

Name/ Title
C f ® Company
Qre ree Address
= City/State/Zip
Eagle-Picher Industries, Inc. ® Commercial Products Department I Area Code Phoric
P.O. Box 130 ® Seneca, Missouri 64865 ® 417 776-2258  TWX 910 774-4533 L s e e . e iy s e i e e i s il
EDN APRIL 20, 1980 For more information, Circle No 12 33






that dreams are

A whole kingdom of richly endowed electron
devices to make your design dreams come true.

The imaginative shall inherit the earth.
And we want you to be part of our kingdom.
We have a mind-boggling collection of won-
drous little electron devices to ensure that all
your design dreams for the future do indeed
come true.

Modern electronic systems are becoming
more complex and tinier by the day. Any
“wonder product”—from a liquid crystal
watch to a huge intercontinental telecommu-
nications system—is only as good as the
components inside. NEC wants you to be
choosy when selecting such components.
After all, a failed diode, transistor or capacitor
can make a total system look bad. A failure
is a failure. It makes sense to go with the best.

Rummage through our treasure of tiny
gems. NEC has established a global reputa-
tion for producing a wide range of highly
sophisticated and reliable electronic com-

Let the crown prince of The House of NEC, Jason
Stewart, show you the way to an enriched electronics
future that won't cost you a king's ransom.

For more information, Circle No 13

ponents. We deliver hundreds of millions of
them each year to discerning design and com-
ponent engineers. Our tough pre-test burn-in
techniques and fully automated QA methods
make failure virtually an event of the past.

If you can imagine it, NEC probably
manufactures it. Check out our rich range of

roducts: tantalum capacitors, zener diodes,

0-92 and SOT-23 small signal transistors,

ower transistors, optoelectronic devices,
Bluorescent Indicator Panels (FIPs™), SCRs
and TRIACs, DIACs, linear ICs and ECL
memory ICs.

Give your ideas the best our kingdom
has to offer. Specify NEC. For the royal treat-
ment, just fill out accompanying coupon and
send it to us today.

NEC

If you have designs on the future.

r——— ————

! NEC Electron, Inc.

Mr. Jason Stewart, Executive Vice President
3120 Central Expressway

Santa Clara, CA 95051

Dear Jason:

I'm interested in your royal collection of little
gems. Please send along your latest productline
catalog and current rep list.

NAME
TITLEE
COMPANY.
ADDRESS
CITY.
STATE ZIP

EDN 4/20
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COMEUP
TOCLADS

EECOdid

EECO, Inc., of Santa Ana, California makes miniature
electronic switches such as the thumbwheel switch shown

below, in very large quantities to unusually high standards.

EECO uses TMlI'sinlay clads to get the job done for
much less than the cost of the conventional approach
which would include selecting a suitable spring material,
gold plating the internal contact portion and solder plating
the external connection. The EECO thumbwheel switch
has a beryllium copper base metal inlaid with 18 kt gold
and a toplay stripe 60Sn 40 Pb.

TMI can custom design an inlay clad which will return
important materials and production savings and which will
meet whatever performance standards you call for.

Ask for TMI's Handbook For Clad Metals.

TECHNICAL MATERIALS, INC.

5Wellington Road, Lincoln, Rhode Island 02865
Telephone (401) 333-1700

TECHNICAL MATERIALS, INC. (UK) LTD.

C2 Stafford Park 11, Telford, Shropshire TF3 3BJ

’%

EECO
Thumbwheel
Switch

——— 18kt.Au
Inlay

Stripe

For more information, Circle No 14
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Books

A comprehensive text
on 6800-uP use

Basic microprocessors and
the 6800, by Ron Bishop. 262
pgs; $11.95 (paperback); Hay-
den Book Co, Rochelle Park,
NJ, 1979.

Even though volumes of
information have appeared
concerning the basics of
microprocessors—and the 6800
in particular—very few books
take readers through all levels
of the nP learning experience.

But this deficiency has now
been corrected by author Ron
Bishop. He assumes that if you
are completely unfamiliar with
electronics and computers, you
deserve some background mate-
rial. Therefore, his book’s first
six chapters provide a clear and
concise exposition of basic
electronics, logic and micrcom-
puters in general.

Should you already under-
stand the basics, however, you
can skip immediately to Chapter
7, which begins an in-depth
discussion of addressing modes.

Although two chapters on pP
outboard chips read like data
sheets (and indeed, they
originated from these sources,
according to the book’s preface),
two other chapters on software
more than compensate for this
shortecoming. Chapter 8, for
example, fully describes each
MC6800 instruction, presents
examples of addressing-mode
use and describes the effect of
instructions on condition codes
and execution times.

The book’s final chapter,
“Example Programs”—one of
the best ever written in this
genré—not only presents valu-
able working programs that
summarize the concepts dis-
cussed earlier in the book, but
also explains exactly what hap-
pens and why.—Carl Warren

EDN APRIL 20, 1980




Ryton gives an electric performance
in living color.

Ryton® polyphenylene sulfide resins. What great performers in all
kinds of electronic applications.

Ryton resins enjoy UL 94 V-O and 5V flammability ratings, with-
out additives. They are the only thermoplastic molding compounds
with a UL Temperature Index as high as 240° C. (464° F.). And
where high voltages are a requirement, Ryton resins with a high arc
resistance and low tracking rate are available. Stiffness and dimen-
sional stability will give you production efficiencies (heat distortion
temperature at 264 psi is over 260° C.). Chemical resistance is no
problem since Ryton has no known solvents under 200° C. Ryton
resins are also available in a range of colors.

Ryton molds with great ease and economy. At 325° C,, it flows
into injection molds with the smoothness of a 3 to 4 melt high density
polyethylene at 260° C., making it ideal for small, intricate molds
and thin wall sections. As for economy, don’t throw away your
Ryton sprues and runners. Just recycle them.

Learn more about this versatile engineering plastic and its appli-
cation to your products and problems. For quick action from the
Ryton Sales Engineer nearest you call our Phillips Engineering
Plastics Office toll free ... 800 231-3630 (In Texas 800 392-3716).

Ryton engineering plastics perform.

Phillips also produces K-Resin® butadiene styrene
polymers and Marlex® polyolefin resins. Call
toll free 800 231-1212 (In Texas 800 392-2078).

PHILLIPS CHEMICAL COMPANY
A DIVISION OF PHILLIPS PETROLEUM COMPANY

For more information, Circle No 15




A. PRD 30 Amp Power Relay
This top quality relay is built for
high inrush current applications
such as motor starts and incandes-
cent lamp loads. UL listed and
CSA certified. Available to 2 form
C plus a 1 form C auxiliary snap-
action switch.

VR R

e

B. R10 General Purpose Relay

Six contact styles provide load
carrying capability from dry circuit
to 10 amps in contact arrange-
ments from 1 form C to 8 form C.
UL recognized and CSA certified.
Optional indicator light available.

C. W58 Thermal Circuit Breakers
Single pole breakers provide reli-
able circuit protection at low cost.
Recessed reset buttons cannot be
pulled out manually. Quick con-
nect or screw terminals. Trip-free
feature. Ratings from 1-35 amps.
UL recognized and CSA certified.

AN

Potter & Brumfield

D. CU Solid State Time

Delay Relay

Exceptional economy, compact
design, and knob or resistor ad-
justability make the CU highly
desirable whenever precise tim-
ing from 1 second to 120 seconds
is required. 2 form C contacts are
rated 10amps at 28V DC, resistive,
or 120V AC. UL recognized and
CSA certified.

Potter&Brumfield

For more information, Circle No 16
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Editorial

Let’s hear it for Silicon Circle

Route 128, the highway circling Boston and its suburbs, achieved
fame in the ’60s and early "70s because of the many high-technology
companies abutting it. But its allure diminished in the mid-"70s,
thanks to huge cutbacks in military/aerospace spending and the
simultaneous growing dominance of high-technology semiconductor
, g companies in California’s Santa Clara Valley, also known as Silicon
N e Valley.

One reason for Rte 128’s prominence as a prime location for electronics firms was its closeness to great
institutions such as MIT and Harvard, whose research labs have spawned many a high-technology
company. Yet those labs have never focused on semiconductor technology as Stanford University has;
hence the clustering of semiconductor companies in Silicon Valley—near Stanford.

Twenty years later, MIT is seeking to correct its oversight by establishing a $5 million advanced-
IC fabrication facility on its Cambridge campus. Although this effort doesn’t compare with the $16 million
VLSI facility planned at Stanford, it’s a start. It certainly will prove a boon for the many computer
companies in the Boston area. And it should also be a stimulus for the region’s few semiconductor
companies, such as Analog Devices, Cherry Semiconductor, Sprague and Unitrode.

As a result of MIT’s plans, will Rte 128 become Silicon Valley East—or better, Silicon Circle? Possibly,
though on a smaller scale. When you view the current problems in Silicon Valley—including incredibly
high living costs, shortages of skilled personnel and moratoriums on plant expansions—Silicon Circle
offers an interesting alternative. The area not only will provide a significant semiconductor research
facility at MIT, but it will also retain the other high-technology research labs and companies that made it
famous two decades ago. Furthermore, Massachusetts is making valiant efforts to improve its business
climate, thanks to the stimulus of the Massachusetts High Technology Council, headed by Analog Devices
president Ray Stata.

EDN applauds MIT’s move and hopes that the Golden Circle of Rte 128 will indeed become Silicon
Circle. The resulting diversification can only have a beneficial effect on the electronics industry.

WA Koy W farbys

é978 Sta[f)f-Writtgn eries — Roy Forsberg
ystem Design Project itori i

1878 Contributed Series — e
Designer’s Guide to Fiber Optics

1977 Contributed Series —

Software Design Course

1976 Special Issue —

Microprocessor Reference Issue

1975 Staff-Written Series —

Microprocessor Design Series

*Jesse H Neal Editorial Achievement

Awards are the business-press Pulitzer
Prize equivalent.

EDN APRIL 20, 1980
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The new SPE economy series offers dependable, long-term
erformance at a modest price.
T General Specifications:

Input Voltage: 115 Vac +10%, 60 Hz +2 Hz
Regulatlog Line 0.1%, Load 0.1%

The SWS 250T Series switching regulated DC power supplies
offer high efficiency with maximum reliability and
performance plus multiple output versatility.

General Specifications:

Input Voltage: 115/230 Vac +15%; 47/440 Hz

Regulation: Line 0.1%, Load 0.2%
Outputs: 5Vdc at 25A; + and — 12 Vdc or 15Vdc at 4A; with
—5Vdc at 1A on Q Models
Wattage: 250 Watts max output power

Temperature Coefficient: 0.2% C°

Overload Protection: Fold back current limit

Circle No. 18 Circle No. 263

Good Line
To Plug into

The SWS 750 Series is the all-new line of efficient, fail-safe
witching regulated DC power supplies designed for industrial/
ommercial operations.

General Specifications:
put Voltage: 115 Vac, 47/63 Hz and 230 Vac on SWS 751 models
Reguiation Line 0.1%, Load 0.2%
Outputs: 5, 12, 15, 24, 28 Vdc
Watﬁme, 750 Watts :
2 Coefficient:

The “Black Line” is a low-cost alternative for applications where |
regulation is not needed.
General Specifications:
Input Voltage: 115 Vac, 50/60 Hz
Unregulated
Voltage Range: 7 to 250 Vdc
Wattage Range: 15 to 750 Watts
Temperature Rating: 0° to 50°C (to 70° with derating)
Overcurrent Protection: Fuse

Standard Power, Incorporated ANDAR
Eastern Regional Office = General Offices and Plant ST, D D
23 Green St., Suite 204 1400 South Village Way
Huntington, L.I. Santa Ana, California 92705
New York 11743 (714) 558-8512
(516) 549-5104 TWX: 910-595-1760
To find the location of a Standard Power distributor s U P PLI E s

call (800) 854-6815. For other information call
(714) 558-8512. California residents call (714) 558-8512

Circle No. 262 Circle No. 264
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LSI Breakthrough for Analog

Intel announces the 2920 Signal Processor,
first general purpose, real-time system on a chip.

Good news for analog designers.
Intel breaks a new barrier in
microelectronics: The first intel-

ligent chip powerful enough to

process analog signals in real
time. Plus a computer-aided
development package to help
speed your systems to market
faster than ever before.
Intel’s 2920 is a complete,
micro-sized signal processing
system that packs the equivalent
of over 18,000 transistors on a
single chip. It operates hundreds
of times faster than current digital
processors. And best of all, the
2920 allows designers to program sys-
tem values quickly, instead of having
to match and tweak components.

Y

A revolution in analog design
From the beginning, LSI tech-

nology has helped designers achieve

dramatic improvements in product

size, design cycles and manufacturing

economics. But until now, the speed
and complexity of analog processing
has stood in the way of

assured to a degree not possible
with previous methods.

Micro-processing for
the real world

Applications for the 2920 are
as broad as your imagination. Since
analog designers can program the
2920 processor to perform a large
number of standard building block
functions, the chip can be used as
an entire subsystem. Implement
such functions as complex filtering,
waveform generation, modulation/
demodulation, adaptive processing,
and even non-linear functions.
This broad capability makes the
2920 an ideal single chip solution
for virtually any application in the
DC to 10 kHz range.

And like the digital micropro-
cessor, the 2920 is destined to create
entirely new classes of applications:
products that are smaller, simpler,
and less costly to produce. It givesa
competitive advantage to companies
in such areas as process control, test

far less complex than the component
matching it replaces. Most impor-
tantly, Intel provides the complete
support tools and design workshops
you need to start designing 2920
systems today.

Our SP20 Support Package and
Intel’s Intellec® Microcomputer
Development System allow you to
develop and debug by simulating
your system in software. Just program
functions according to your system
schematic, then specify input and
operating values. Together, Intel’s
development aids let you see how
your system will work before you
even build a prototype. Best of all,
because you develop in digital code,
your prototype system will be dupli-
cated precisely in manufacturing.

Start making news with
your product
Everything you need to begin
designing a new generation of real-
time analog processing systems
is here today: Intel’s 2920 Signal
Processor, SP20 Sup-

general purpose, single
chip solutions for real-
time applications.
Today, Intel’s 2920
Signal Processor brings
the powerand flexibility
of LSI to the analog
world. Because of its
size, the 2920 can fit in
spaces too compact for
traditional analog
solutions. Because the

ANALOG
INPUTS

Functional Block Diagram of the 2920 Signal Processor

port Package, and the
Intellec Development
System. For detailed
information, including
our new 2920 bro-
chure, plus a schedule
of Intel’s nationwide
2920 Design Work-
shops and Seminars,
contact your local
Intel sales office or
distributor. Or write

ANALOG
OUTPUTS

2920 is programmable,

product development and time-to-
market are speeded significantly.
Finally, because the 2920 is a solid
state device produced with Intel’s
proven NMOS process, reliability
and manufacturing repeatability are

EDN APRIL 20, 1980

and instrumentation, guidance or
control systems, telecommunications,
speech processing, and seismic or
sonar signal processing.

How the 2920 simplifies

system development
Programming Intel’s 2920 Signal

Processor is fast and easy to learn—

For more information, Circle No 19

Intel Corporation,
Literature Department, 3065 Bowers
Avenue, Santa Clara, CA 95051.
Or call (408) 987-8080.
- ® l ®
intel delivers.
Europe: Intel International, Brussels, Belgium. Japan:
Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Aimac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial

Components, Pioneer, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.
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_rhere’s a littie something
in this Panasonic switcher
the other guys wish they had:

a Panasonic IC

To begin with, switchers with IC control circuits are to provide efficiencies up to
reliable switchers. Reliable because there are fewer ; 84%. In other words, all carry
components - and fewer connections - than the quality-plus that Panasonic
power supplies made with only discretes. is known for. To find out what
But Panasonic switchers don’t stop for information today: Panasonic
there. We use our own IC, designed and Company, Electronic Components
built for us by our parent company. It Division, One Panasonic Way,
holds pulse width modulation, opera- Secaucus, NJ 07094; or call
tional amplifier, reference voltage, oscillator (201) 348-7283.
and several protective circuits. More impor-
tant, it permits us to design switchers which
operate effectively in the lower power

Power Output
Series Type Ratings (W) Voltages (VDC)

(¢] Single- 25, 50, 100, 150 +5to +24

ranges. input
Four families of modular Panasonic H Dual- 125, 250, 375 +2to +24
switching power supplies cover a wide input
range of applications. All feature IC . M Triple-  40,70,120 Combinations from
construction, and combine overcurrent output —15to +15
safeguards with overvoltage protection 3 Sll:glllcta 25, 50, 100, 150 +51t0 +24
— —— i -
=== —7 Panasonic
ot o e — ——
1 —_— —— == : a A
! B e ———— i just slightly ahead of our time

For more information, Circle No 20
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Technology News

Dot/bar-display-driver ICs
aid analog-meter replacement

Jim McDermott,
Special Features Editor

Recently developed LSI chips
incorporate in a single package the
complex sensing circuitry and
elements required for driving
light-bar and dot displays, which
are rapidly supplanting analog
meters in automotive, consumer
and instrumentation applications.
Such bar/dot displays represent the
magnitude of an analog quantity as
the length of a vertical or horizontal
string of lighted LEDs or vacuum-
fluorescent (VF) bars or dots. (In an
alternative configuration, a single
lighted dot travels along a
graduated scale.)

In an analog meter, the current
through a moving-coil element
converts an input into a pointer
movement that denotes a scale
value. The new class of compara-
tor/drivers perform the same
function for the LED or VF
displays—they convert an analog
input into a quantity represented by
a particular number of lighted
elements (or the apparent location
change of one such element). Some
drivers have enough current
capacity to light small incandescent
bulbs.

Bar/dot displays find use in such
applications as 32-bar VF fuel
gauges in some of Ford’s 1980-model
autos, as well as in volume-unit
(VU) meters on stereo receivers
and amplifiers and instruments such
as the audio spectrum analyzer
manufactured by Audio Develop-
ments International. (The Palo
Alto, CA firm’s equipment incorpo-
rates 10 vertical-bar graphs
consisting of 20 LEDs each.) And in
the latest radio receivers, a
traveling lighted red or green dot
controlled by one of the driver chips

EDN APRIL 20, 1980

Analog-sensor and bar-element-driver ICs control vacuum-fluorescent (VF) display devices
like the 32-bar VF fuel gauge shown in the inset and used in several 1980 Ford car models
(arrow). When the tank is full, all 32 elements glow a bright green, but as fuel is used, the bars
darken sequentially, from the top down.

COMPARATORS LED DRIVERS
F AR e
Ry
6
SCALING-
| mESISTOR—__ O6%
| NETWORK
l LED PROGRAM 46%
i CURRENT
| 3.31k ’
|
i 234k ’
|
I
REF REFERENCE- |4
LOAD ourtl VOLTAGE i)
7l SOURCE
DETERMINES | i )
LED ; A7k
BRIGHTNESS

|
- CONTROLS
MODE- | 9 TYPEOF
SELECT |—ODISPLAY: BAR
AMPLIFIER [ | OR SINGLE
) LED
12

| =L

_________________ 4~

Fig 1—Basic functional elements of National Semiconductor's LM3914/15/16 dot-
or bar-display drivers allow the chips’ outputs to drive 10 LEDs in a moving-dot mode
(if pin 9 is open) or a rising-bar mode (if pin 9 is tied to V*). The ICs can also drive
vacuum-fluorescent devices and LCDs.
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replaces
pointer.

a mechanical tuning

Comparators: key components

A bar/dot-driver chip is essential-
ly a string of voltage comparators or
differential amplifiers, each having
one of its two inputs (+) connected
to sequential taps on a scaling
voltage-divider network (Fig 1).
The other inputs (—) connect in
parallel to the chip’s analog-signal-
input terminal.

The bias from the resistor
network is proportioned to give
each of these comparators a
succeedingly higher “turn-on”
threshold value than that of the
preceding stage. With zero input,
all of the comparators are in a
cut-off state, and no driver output is
available. But as the input voltage
rises, it sequentially exceeds the
threshold values of each of the
individual stages, and the compara-
tors switch, one by one, until the
input reaches or exceeds its
maximum level. The comparators in

turn activate drivers that turn LED
or VF elements on in the same
sequence.

As the input voltage drops, the
process reverses, and the lighted
elements turn off one by one. The
divider-string resistances can be
proportioned to produce a linear
output function or a logarithmic or
other nonlinear relationship.

Temperature a key parameter

The values of the diffused
resistors in the comparator scaling
networks of the driver ICs are
highly temperature sensitive: Over
the devices’ operating-temperature
range, they can vary by as much as
30%. However, because all the
resistances vary proportionally and
have identical temperature coeffi-
cients, the resistor ratios’ close
tolerances provide a reference with
better accuracy and tracking
capability over temperature than a
1% external discrete network.

The reference voltage applied to a
driver IC’s comparator network

proves important because it
determines the height of the
voltage-threshold levels at which
the comparators change state—and
thus the chip’s input response. A
driver IC can thus accommodate a
broad range of input signals by
means of a simple setting of the
reference voltage to the input’s
full-scale value. The device’s supply
voltage establishes the maximum
allowable input, while the input’s
minimum value depends on the
minimum threshold values at which
the comparators can change state.

Features vary

While all of the analog-to-
discrete-level driver chips incorpo-
rate comparators, their other
features differ. One obvious
difference lies in the number of dots
and bars you can drive with a chip,
which varies from five to 16 (table).

To form larger arrays, you can
stack two or more driver chips in
sequence, and circuitry in some of
the chips simplifies this procedure.

BAR/DOT DISPLAY DRIVERS
FULL-SCALE
NOMINAL INPUT-
DISPLAY ELEMENTS SUPPLY SIGNAL
IXPE. METER VOLTAGE RANGE NO OF PRICE ($)
MANUFACTURER PART NO NO | LED VF APPLICATION SCALE ) V) PINS (100 QTY)
EXAR XR-2276 12 BAR VU LEVEL -20TO +8dB 12TO 18 457055 16 2.00
HITACHI HA12010 12 BAR LINEAR (VU)? -20TO +8dB 1270 24 3.00 16 1.77
HA12019 12 BAR VU LEVEL -20TO +8dB 1270 24 377 16 1.77
NATIONAL LM3914 10 BAR BAR LINEAR 10 STEP 3TO 18 1.2T0 12 18 2.65
SEMICONDUCTOR LM3915 OR OR LOG 3 dB/STEP 37O 18 1.2TO 12 18 2865
LM3916 DOT DOT VU LEVEL -20TO +3dB 37018 1.2TO 12 18 265
SANYO LB1405 5 BAR VU LEVEL -15T0 +2dB 4470 12 28 16 0.82
LB1415 5 BAR VU LEVEL -10TO +6dB 447012 28 16 0.82
LB1409 9 BAR LOG (- 18/+ 3)’ 3 dB/STEP 55T0 16 28 16 1.02
LB1416 5 BAR VU LEVEL -10TO +6dB 5570 16 28 14 0.88
LB1426 5 BAR VU LEVEL -10TO +6dB 55TO 16 28 14 0.88
LB1470 16 DOT SPOT TUNING LINEAR 97O 14 12708 22 1.83
LB1473 16 DOT SPOT TUNING LINEAR 97O 14 12708 22 1.85
SHARP IR-2406 12 BAR LINEAR 12 STEP 8TO 16 55TO 6 22 2.00
IR-2431 12 BAR LOG -44TO0dB 8TO 16 55TO 6 22 2.00
IR-2432 12 BAR VU LEVEL -20TO +6dB 8TO 16 0.6 TO 1.6 22 2.00
1R-2433 12 BAR LINEAR 12 STEP 8TO 16 55TO6 22 2.00
SIEMENS UAA 17C 16 DOT LINEAR 16 STEP 10 TO 18 14704 16 249
UAA 170L 16 DOT SPOT TUNING LOG SCALE 10 TO 18 14704 16 249
UAA 180 12 BAR LINEAR 12 STEP 10 TO 18 14704 16 249
TELEFUNKEN u23783 5 BAR LINEAR 5 STEP 1270 18 1.0 8 2.50
u2478 5 BAR LINEAR 5 STEP 1270 18 0.9 8 2.50
u2578 5 BAR VU LEVEL -15TO +6dB 1270 18 20 8 250
u2678 5 BAR VU LEVEL -20TO +3dB 1270 18 1.4 8 2.50
TEXAS TL487 5 BAR LOG 3 dB/STEP 1070 18 1.0 8 0.65
INSTRUMENTS TL489 5 BAR LINEAR 5 STEP 1070 18 05T0 2 8 0.65
TL4BO 10 BAR LOG 2 dB/STEP 10 TO 18 1.0 14 1.24
TL481 10 BAR LOG 2 dBISTEP 10 TO 18 1.0 14 1.51
TL490 10 BAR LINEAR 10 STEP 10TO 18 16 16 1.08
TL491 10 BAR LINEAR 10 STEP 10TO 18 20 16 1.22
NOTES
1. RANGE OVER WHICH INPUT SIGNAL CAN BE EXTERNALLY ADJUSTED.
2. FOR LINEAR LOGARITHMIC INCREMENTS IN VU-METER DISPLAY. STANDARD VU LEVELS ARE BASED ON AUDITORY RESPONSE AND HAVE NONLINEAR LOG INCREMENTS.
3. U237B/247B OR U257B/267B ARE PAIRED FOR 10-LED METER APPLICATIONS.
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Additionally, some chips incorpo-
rate on-board voltage references to
energize the scaling resistance-
divider string, while others are
driven from external sources. Some
provide controlled constant-current
sources to limit LED current, while

others require external resistors for
this purpose. And there are
additional differences as well.

Linear, log, or VU readouts

One valuable feature that
National Semiconductor has de-

PHOTO- Vs
TRANSISTOR
& Vee
4 4
Rg 10k
< -l A
10k::ﬁ7 1k $ Rg
[A
18 15 14 11 10 9

Fig 2—Adding a phototransistor fo the LED current-control network provides
control of LED-output intensity in this Siemens UAA 170 16-element dot driver. As the
ambient light level increases, the LEDs become brighter.

—

The relative intensities of spectral components in a 37.5-Hz to 16-kHz audio-frequency
band correspond to the heights of the red-LED bar-graph columns in this spectrum analyzer
from Audio Developments International. Each column consists of two 10-element Litronix
RGB-1000 stackable modules.
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signed into its LM3914/15/16
10-element-driver series is the
ability to use the devices in both
traveling-dot and multiple-dot-bar
modes (F'ig 1). For the traveling-dot
configuration, you leave a mode-
select pin (9) open; for the bar mode,
you tie this pin to the positive-
supply-voltage pin (3).

The comparator voltage-divider
networks in the National chips are
proportioned to provide linear, log
or VU-scale readouts. Specifically,
the LM3914 is a 10-step linear
driver, the 3915 has a 30-dB
logarithmic-scale range of 10 3-dB
steps and the 3916 provides a 10-bar
LED or VF version of the familiar
—20 to +3 VU (dB) volume-level
meter.

These three 18-pin, $2.65 (100)
ICs furnish millivolt accuracy at
each of the comparator trip points
and can operate from a 3 to 20V
supply, with a typical standby
current (all LEDs OFF) of 1.6 mA.
A low (38V) operating voltage
provides maximum chip efficiency
when driving LEDs in battery-
operated equipment—all other
competitive drivers (except for
some Sanyo chips) require a
minimum of 8 to 12V.

Another desirable feature of the
National ICs (eliminating the cost of
current-limiting resistors for the
LEDs) is an on-board constant-
current source that controls the
output of the open-collector transis-
tors driving the LEDs. You
program this source by connecting a
resistor between pin 7 and ground.

Approximately 10 times the pin 7
resistor current flows through the
LEDs; by varying the resistance
with a second signal (such as from a
phototransistor), you can modulate
LED brightness with a time-
varying function (or with another
variable) to provide novel types of
displays.

You can utilize the National chips
with high-impedance inputs because
their input buffer amplifiers have a
guaranteed 50-nA max input
current. For applications involving
driving VF displays, the driver-

Continued on pg 51
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The largest selection of “OFF-THE-
POWER SPLITTER

2-way to 24-way, 0°, 90°, 180°, pin or connector models . . . Mini-Circuits offers a wide variety of
Power Splitters/Combiners to chose from, with immediate delivery. Butthere are always “special” needs
for “special applications” . . .higherisolation,SMA and Type N connectors intermixed, male connectors
or wider bandwidths. Contact us. We can supply them at your request . . . with rapid turnaround time.

BASIC CASE STYLES

| PSC Series _ MSC Series _ ZSC Series ZMSC Series ZFSC Series 3 ZAPD Series
S e

TWO-WAY O°

oz - 4200 M) ﬂ e
mixessss B

. TWO-WAY 90° TWO-WAY 180°
} (12— 180 MHz2) ﬂ (10kHz — 500 MHz) ﬂ
memHID == XN o0 H @&

THREE-WAY 0°
(0.01 — 760 MHz2)

SIX WAY 0°

FOUR-WAY 0° (1—175MHz)

(2kHz — 1000 MHz)

] EIGHT-WAY 0° SIXTEEN-WAY 0° TWENTY-FOUR-WAY 0°
J (0.6 — 700 MHz) (0.5 — 125 MHz) (0.2 — 100 MHz)

DISTRIBUTORS—USA

MSTF;S:RO;ILAN NEW YORK SO. NEW JERSEY, DELAWARE SO. CALIFORNIA NORTHERN CALIFORNIA
NOR EW JERSEY & EASTERN PENNSYLVANIA
Crown Electronics Pen Stock
WESTCHESTER COUNTY
ME & SD © MLC Distributors 11440 Collins Street 105 Fremont Avenue
foruwaye Lisbitots 456 Germantown Pike N. Hollywood, CA 91601 Los Altos, CA 94022
61 Mall Drive Y . os Altos,
[ Lafayette Hill, PA 19444 (213) 877-3550 (415) 948-6533
| Commack, NY 11725 (215) 825-3177
(516) 543-4771
B843-1/REV B
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SHELF”’ Over 80 models covering
2 kHz to 4.2 GHz

COMBINERS [eipes

For complete specifications and performance curves, refer to
1979-80MicroWaves Product Data Directory pages 161-369, or 1979 EEM pages 2770-2970.

SELECT THE MODEL YOU NEED
Max. Max.
Min. |insert. Min. |insert.
Freq. isol.-dB|loss-dB| See Freq. isol.-dB|loss-dB| See
range (Mid- | (Mid- |notes Price range (Mid- | (Mid- |notes Price
Model (MHz) band | band) |belowi (Qty.) Model (MHz) band | band) |below| (Qty.)
[Fris o B - - ] e -
PSC-2-1 0.1-400 20 0.75 $9.95(6-49) PSC-3-1 1-200 25 0.7 $19.95(5-49)
PSC-2-1W 1-650 20 0.9 $14.95(6-49) PSC-3-1W 5-500 15 1.4 $29.95(5-49)
PSC-2-2 0.002-60 20 0.6 $19.95(6-49) PSC-3-1-75 1-200 25 0.7 1 [$20.95(5-49)
PSC-2-1-75 0.25-300 20 0.75 1 |$11.95(6-49) PSC-3-2 0.01-30 25 0.45 $29.95(5-49)
PSC-2375 55-85 25 0.5 1 |$19.95(6-24) PSC-3-13 1-200 35 0.6 $24.95(5-49)
PSC-2-4 10-1000 20 1.2 $19.95(6-49) ZSC-3-1 1-200 25 0.7 3 ([$37.95(4-24)
MSC-2-1 0.1-450 20 0.75 $16.95(5-24) ZSC-3-1-75 1-200 25 0.7 1,3 [$38.95(4-24)
MSC-2-1W 2-650 25 0.8 $17.95(5-24) 2SC-3-2 0.01-30 25 0.45 3 ($47.95(4-24)
ZSC-2-1 0.1-400 20 | 0.75 3 [$27.95(4-24) 2SC-3-2-75 0.02-20 25 0.6 1,3 [$48.95(4-24)
2SC-2-1-75 0.25-300 20 0.75 1,3 [$29.95(4-24) ZMSC-3-1 1-200 25 0.7 4 |$47.95(4-24)
ZSC-2-1W 1-650 20 0.8 3 [$32.95(4-24) ZMSC-3-2 0.01-30 25 | 0.45 4 |$57.95(4-24)
ZSC-2-2 0.002-60 20 0.6 3 ($37.95(4-24) ZFSC-3-1 1-500 20 0.9 5 [$39.95(4-24)
ZSC-2375 55-85 25 0.5 3 [$37.95(4-24) ZFSC-3-1W 2-750 20 1.0 5 ($41.95(4-24)
ZMSC-2-1 0.1-400 20 075 4 ($37.95(4-24) ZFSC-3-13 1-200 35 0.6 5 [$39.95(4-24)
Sl 201 08 | 4 |savemiazs | SES————-VVAY O° S
ZMSC-2-2 0.002-60 20 0.6 4 [$47.95(4-24) PSC-4-1 0.1-200 20 0.75 $28.95(6-49)
ZFSC-2-1 5-500 20 0.6 5 [$31.95(4-24) P 4-1-7
ZFSC-2-1W 1-750 20 | 08 | 5 [$35.95(4-24) SC-4:1:756 " 1-200 20 | 09 | 1 |$24.95(6-49)
PSC-4-3 0.25-250 20 | 0.75 $23.95(6-49)
ZFSC-2-2 10-1000 20 1.0 5 |$39.95(4-24) P
ZFSC-2-4 0.2-1000 20| 10 | 5 |$44.95(4-24) SC-4A-4 10-1000 15 1 14 $49.95 (6-49)
PSC-4-6 0.01-40 25 0.5 $29.95(6-49)
ZFSC-2-5 10-1500 20 1.0 5 |$49.95(4-24)
e _ ; 2SC-4-1 0.1-200 20 | 0.75 | 3 [$46.95(4-24)
ZFSC-2-6 0.002-60 20 0.6 5 |$36.95(4-24)
s i 3 2SC-4-1-75 1-200 20 | 0.8 | 1,3 |$46.95(4-24)
ZFSC-2-6-75 0.004-60 20 0.8 5 |$38.95(4-24) 25C-4-2
ZAPD-1 500-1000 | 19 | 06 | 6 [$39.95(1-9) S 0.002-20 25 | 05 | 3 |$69.95(4-24)
ZAPD-2 1000-2000 19 06 6 |$39.95(1-9) ZSC-4-3 0.25-250 20 | 0.75 3 [$43.95(4-24)
ZAPD-4 2000-4000 19 0.8 6 $39'95“ -9) ZMSC-4-1 0.1-200 20 0.75 4 [$56.95(4-24)
) f ZMSC-4-2 0.002-20 25 0.5 4 1$79.95(4-24)
WO TR BN | IVSC4-3 | 025250 | 20 | 075 | 4 |$63.95(4-24)
2-WAY 90 ZFSC-4-1 1-1000 18 1.5 8 [$89.95(1-4)
PSCQ-2-13 12-14 25 0.7t 2 [$12.95(5-49)
ZFSC-4-1W 10-500 20 1.5 8 [$74.95(1-4)
FEiaN | [12-16 23] O.6t | 2 [81888 549 ZFSC-4376 | 50-90 30 | 12 | 1,8 ls89.95(1-4)
PSCQ-2-40 23-40 18 0.7 2 [$16.95(5-49) o4 ’ "
PSCQ-2-50 25-50 20 | 0.7t | 2 [$19.95(5-49) SRR 2090902 e
PSCQ-2-90 55-90 20 | 0.7t | 2 [$19.95(5-49) PSC-6-1 1-175 l 18 | 1.0 | $68.95(1-5)
PSCQ-2-180 | 120-180 15 | 0.7t | 2 [$19.95(5-49) ZFSC-6-1 1-175 20 | 1.2 9 [$89.95(1-4)
ZsCQ-2-50 25-50 20 | 0.7t | 2,3 |$39.95(4-24) [ R
ZSCQ-2-90 55-90 20 | 0.7t | 2,3 [$39.95(4-24) PSC-8-1 0.5-175 20 1.1 $68.95(1-5)
2SCQ-2-180 120-180 15 | 0.7t | 2,3 [$39.95(4-24) PSC-8-1-75 05-175 20 08 1 |$69.95(1-5)
ZMSCQ-2-50 | 25-50 20 | 0.7t | 2,4 ($49.95(4-24) PSC-8A-4 5-500 18 1.8 $89,95(1-5)
ZMSCQ-2-90 | 55-90 20 [ 0.7t | 2,4 |$49.95(4-24) PSC-8-6 0.01-10 23 11 $79.95(1-5)
ZMsSCQ-2-180 | 120-180 15 1 0.7t | 2,4 1$49.95(4-24) ZFSC-8-1 05-175 20 | 1.1 | 10 |$89.95(1-4)
o ZFSC-8-1-75 0.5-175 20 1.0 |1,10 |$90.95(1-4)
N0 ESnEaee ZFSC-8375 50.90 25 | 13 [1.10|$119.95(1-4)
= J > > *# ZFSC-8-4 0.5-7 20 155 10 ($129.95(1-4)
PSCJ-2-1 1-200 25 0.8 $19.95(5-49) 00
PSCJ-2-2 0.01-20 25 0.5 $29.95(5-49) ZFSC-8-6 0.01-10 23 11 10 1$109.95(1-4)
ZSCJ-2-1 1-200 25 0.8 3 |$37.95(4-24)
ZsCJ-2-2 00120 | 25| 05 | 3 ($47.95(4-24) | PEEEGCETEEGEGEG1G6-WAY O°
ZMSCJ-2-1 1-200 25 | 0.8 4 ($47.95(4-24) ZFSC-16-1 | 05-125 | 18 | 1.6 | 11 [$174.95(1-4)
ZMSCJ-2-2 0.01-20 25 0.5 4 |[$57.95(4-24)
ZFSCJ-2-1 1-500 25 | 1.5 | 5 [$49.95(4-24) —24-WAY .
ZFSCJ-2-3 5-300 25 1.5 5 1$39.95(4-24) ZFSC-24-1 0.2-100 | 20 | 2.0 | 12 |$264.95(1-4)
1. 75 ohms impedance 10. BNC connectors standard, TNC available at $10 additional
t2. Average of coupled outputs less 3 dB cost, SMA at $25 additional cost. ;
3. BNC connectors standard, TNC available 11. BNC connectors standard, TNC available at $20 additional
4. SMA connectors only ! cost, SMA available at $45 additional cost.
5. BNC connectors standard, TNC available, 12. BNC connectors standard, TNC available at $35 additional cost,
SMA & Type N available at $5 additional cost SMA available at $65 additional cost.
6. BNC, TNC, SMA & Type N at $5 additional cost,
Please specify connectors.
7. TNC, SMA & Type N at $5 additional cost.
Please specify connectors.
8. SMA connectors standard, BNC on request. £ )
9. BNC connectors standard, TNC available, SMA available at $15 World's largest manufacturer of Double-Balanced Mixers
[ Mini-Circuits
-Circ
A Division of Scientific Components Corp
2625 East 14th St Brooklyn, N.Y. 11235 (212) 769-0200 Domestic and International Telex 125460 International Telex 620156

B43-2/REV B
For more information, Circle No 21

EDN APRIL 20, 1980 49




MOD POT...Number 1
with more combinations than
all others combined.

MOD POT, the original modular potentiometer—available in over a billion combi-
nations. A whole family of resistive elements: hot-molded composition, cermet,
conductive plastic. Variety of switch options, vernier drives with solid or concentric
shafts. Single, dual, triple or quadruple section controls. Solder lug or PC pin
terminals. Save panel space with %" square module. Fast delivery backed
by our distributor assembly centers. Ask for Publication EC5670-2.1.

POWER RATING (LINEAR TAPER)
RESISTANCE RESISTANCE TR ARGE e
ELEMENT RANGE SE%ES ss;tznzs se;iaues
Hot Molded |50 0hms to 10 megs £10% Linear () 10Watt | 05watt | 075wan
Composition | 250 ohms to 10 megs .20% | Modified Log CW (A)| at70°C | at70°C | at70°C
ey or CCW (B)
Cermet | 100 ohms to5megs | +10% Linear (U) e L R n
Condiiciive - L E 10,1 ey £10% Linear (U) 05Watt | 0.25Watt | 05 Watt
Plastic 500 ohms to 1 meg :gl;“/ Modified Log CW (A)| at 70°C at 70°C at 70°C
v or CCW (B)

]

Ve
Vo)

Quality inthe best tradition.

f¥)) ALLEN-BRADLEY

Pty Milwaukee, YV_|sconS|n 53204
Visit A-B
MOD POT Center at
50 Electro ’80—Booth 2419

For more information, Circle No 22
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Allen-Bradley
Appointed
Electronic
Distributors

ATLANTA, GA X
Wilshire Electronics (404) 923-5750
BURLINGTON, MA*
Wilshire Electronics (617) 272-8200
CHICAGO, IL*
Newark Electronics (312) 638-4411
CLEVELAND, OH
Schweber Electronics (216) 464-2970
COLUMBUS, OH Electronics
Marketing Corporation (614) 299-4161
DALLAS, TX* Solid State
Electronics Co. of Texas (214) 438-5700
DANBURY, CT
Schweber Electronics (203) 792-3500
DENVER, CO* Wyle
Distribution Group (303) 287-9611
EL SEGUNDO, CA* Wyle
Distribution Group (213) 322-8100
FAIRFIELD, NJ
Schweber Electronics (201) 277-7880
FT. WAYNE, IN Ft. Wayne
Electronics Supply, Inc (219) 423-3422
GAITHERSBURG, MD
Schweber Electronics (301) 840-5900
GREENSBORO, NC Hammond
Electronics, Inc. (919) 275-6391
HOLLYWOOD, FL
Schweber Electronics (305) 927-0511
HOUSTON, TX* Harrison
Equipment Co., Inc. (713) 652-4700
INDIANAPOLIS, IN Graham
Electronics Supply, Inc. (317) 634-8202
IRVINE, CA*
Schweber Electronics (714) 556-3880
IRVINE, CA
Wyle Distribution Group (714) 641-1600
LIVONIA, MI
Schweber Electronics (313) 525-8100
LOS ANGELES, CA* Kierulff
Electronics, Inc. (213) 725-0325
MILWAUKEE, WI Marsh
Electronics, Inc. (414) 475-6000
MINNEAPOLIS, MN
Newark Electronics (612) 331-6350
ORLANDO, FL* Hammond
Electronics, Inc. (305) 849-6060
PALATINE, IL Ohm
Electronics, Inc. (312) 359-5500
PEORIA, IL
Klaus Radio, Inc. (309) 691-4840
PHILADELPHIA, PA* Almo
Electronics Corp. (215) 698-4000
PHOENIX, AZ Kierulff
Electronics, Inc. (602) 243-4101
ST. LOUIS, MO Olive
Electronics, Inc. (314) 426-4500
ST. PAUL, MN* Ragon
Electronics (612) 488-0201
SAN DIEGO, CA* Wyle
Distribution Group (714) 565-9171
SANTA CLARA, CA* Wyle
Distribution Group (408) 727-2500
SEATTLE, WA Kierulff
Electronics, Inc. (206) 575-4420
WESTBURY, NY*
Schweber Electronics (516) 334-7474
MONTREAL* Cesco
Electronics Ltd. (514) 735-5511
QUEBEC Cesco
Electronics Ltd. (418) 524-4641
TORONTO Cesco
Electronics Ltd. (416) 661-0220
*MOD POT"™ Assembly Centers

ALLEN-BRADLEY

Milwaukee, WI 53201
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100-STEP RESOLUTION

Fig 3—100-step resolution of an analog input quantity results when you drive a
Noritake 100-bar vacuum-fluorescent display with cascaded Texas Instruments
10-step analog detector/drivers. For a 5V full-scale input, each lighted bar represents
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output transistors’ collectors can
withstand up to 25V.

The 3914/15/16 chips incorporate
an adjustable voltage reference,
which supplies the potential across
the comparator voltage divider and
accommodates full-scale inputs of
1.2 to 12V. These inputs are
essentially independent of the
actual - supply voltage. The firm’s
Linear Databook (pg 9-108) de-
scribes several types of applications
using both single- and multiple-chip
drivers for LED displays.

Dedicated drivers

While the National chips can
perform in either traveling-dot or
bar-graph modes, other manufac-
turers have developed dedicated
chips for each of these formats. For
example, Siemens’ UAA 170,
designed for use in an electronic
tuning dial in varactor-tuned radios
and TVs, switches a traveling light
spot across an array of 16 LEDs.
You can switch all 16 LEDs with a
control input that ranges from 1.4 to
4V, depending on the reference
(scale) voltage across the voltage-
divider resistor string.

But whereas the National devices
require 10 pins to drive 10 LEDs,
the Siemens parts need only eight to

drive 16—a reduction achieved by
passing the outputs of the UAA
170’s 16 comparators through a logic
matrix controlling eight 50-mA
drivers.

Constant-current control of LED
drive current (and consequently
LED brightness) results from
adjusting the current applied to pin
16 by varying the resistance
between pins 16 and 14 (a 5V
regulated source). By making a
phototransistor a part of the control
resistance, you can automatically
vary the LED intensity over a
range of ambient lighting conditions
(Fig 2). (You can also employ this
technique with other drivers that
control LED current similarly.)

In another control function
possible with the Siemens chip, you
can make a lighted dot either appear
to glide smoothly along a scale or
advance in abrupt jumps by varying
the scale reference voltage (1.4 to
6V) between pins 12 and 13. And if
you want a 30-LED scale, you can
cascade two of the devices.
Furthermore, if your application is a
VU-meter display, you can drive 16
LEDs in a semilog scale by
employing the UAA 170L.

Providing a linear-bar-type pre-
sentation, Siemens’ UAA 180 drives
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‘What's your enclosure need” Vant envnronmental protection for terminals,
instruments, controllers or printed circuit board racks? Hoffma has free-
standing enclosures to protect your most delicate circuits
from oil, dust, dirt and water environments. Single or double. .
door models. Access from front only, or front and back. Add:
such accessories as swing-out and side-mounted panels,

equipment available. Special enclosure sizes, modifichtions
and finishes on request.

SPECIAL TECHNICAL BROCHURES—free to qualifie
design engineers and spec writers. Write for your copy.

HOFFMAN ENGINEERING COMPANY
Division of Federal Cartridge Corporation/Anoka, MN 55303 Dept. ED 79-4.

For more information, Circle No 27

News |

12 LEDs, with each diode’s current
adjustable to 10 mA max. As with

| the UAA 170, you can vary LED

FAME AND GLORY

If you have an idea for an EDN design feature,
send us an outline or call the Editor to discuss
your proposal. We pay $30 per magazine page,
upon publication, for every contributed feature
article. Call Walt Patstone, 221 Columbus Avenue,
Boston, MA 02116. Telephone (617) 536-7780.

52

transition smoothness by adjusting
the reference voltage. And to obtain
an extended scale, you can cascade
as many as seven of these devices.

Floating-point tuners

Sixteen-element dot drivers for
LED and VF displays are available
from Sanyo Semiconductor and find
use as floating-spot tuning indica-
tors in radio and TV receivers. Both
of these devices come in 22-pin
plastic ICs—the LED (LLB1473) and
VF (LB470) drivers consist of
identical circuitry.

These parts have no on-chip
regulated voltage sources for their
scaling-resistor networks; a nominal

SIGNAL
INPUT

oy

Fig 4—Low power dissipation high-
lights the 8-pin Telefunken LED drivers.
It's achieved by passing current
through them in series rather than by
driving them individually. In the com-
parators’ OFF state, the LED drive |
current is shunted to ground through |
turned-on transistors. When the com-
parators turn on in response to an input
signal, the transistors are cut off, and
the drive current shunts through the
LEDs.
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Now you can add these
Mallory QPL capacitors to
your approved vendor list.

We want to update you on our capacitors
qualified under MIL-C-39003 and MIL-C-39006.
In solid electrolyte tantalums we now offer the
following:

MIL Style Mallory Type Life Failure Rates

CSR 13 TER M, P,R
*CSR 23 TXE M, P, R*
*CSR 33 TXR M, P*

CSR 91 TNR M, P, R

* Includes latest failure rate updates.

MALLORY

And in wet (non-solid) tantalums.
MIL Style Mallory Type Life Failure Rates

CLR 10 XTM-XTK L,M,P
CLR 14 XTL-XTH VP
CLR 17 XTV L,M,P
CLR 65 TLX L,M,P,R
CLR 69 TXX L, M, P

All of these capacitors are available through
authorized Mallory distributors. For complete
specifications write or call for our new QPL
bulletin. Mallory Capacitor Division, Mallory
Components Group, P.O. Box 372, Indian-

apolis, Indiana 46206.
MALLORY

(317) 636-5358.
ELECTRICAL/ELECTRONIC GROUP
EMHART

—



Technology News

8V dec supplies it externally. With
this type of display, one of the dots
is always ON so long as the radio or
TV is in operation. Dot-sweep
voltage must thus be 1.2V min; it
rises in increments of 0.4V to 8V.

The Sanyo LED-driver chip’s .

maximum supply voltage is 22V.
The VF chip, designed to drive a
12V-type VF bar display, has a 16V
maximum. Recommended supply
voltages for both devices range from
9 to 14V. Additionally, maximum
output current for the LED driver
equals 18 mA, while that for the VF
device is 0.4 mA.

Bar types more popular

Despite the many uses for such
dot-display drivers, LED bar types
remain more popular. They find use
in applications where the illuminat-

ed elements mount alongside or
stack on top of one another.

For example, Sharp offers the
TR-2431/32/33 Series 22-pin devices:
log-, VU- and linear-scale drivers
for its integral 12-element multicol-
ored horizontal-bar LEDs (GL-112
Series), described in the box,
“Mating displays with drivers.”

The 2431/32/33 drivers require
external control of their on-board
constant-current supply to limit the
LEDs to 14 mA max drive current
each. You must also supply the
maximum and minimum reference
voltages for the high and low ends of
the scaling-resistor network. Typi-
cal supply voltages for these devices
range from 8 to 16V; you can easily
cascade them by means of a few
external resistors.

A line of six bar-graph drivers

from Texas Instruments includes
devices for driving five or 10 display
elements. Each IC contains a
voltage-comparator string, a
buffer-amp input, a reference-
voltage regulator, a scaling-resistor
network and output-driver transis-
tors; all parts work from a 10 to 18V
supply over 0 to 70°C. (This
temperature span is typical of most
bar/dot-display ICs.)

The 5-output drivers have eight
pins and are configured as linear
(TL489) or logarithmic (TL487)
devices with open-collector output
transistors that sink 40 mA and
withstand 18V in the OFF state.
They drive LEDs or small
incandescent bulbs (as well as TTL,
CMOS or other high-level logic).

Typical input for the linear driver
is 0 to 1000 mV; the comparator

Mating displays with drivers

If you’re incorporating a dot or bar-graph display in
your design, note that you can achieve novel visual
effects by using individual LEDs configured in
nonconventional linear arrays. On the other hand, the
easiest approach to display configuration employs
packaged arrays. Principal sources of these LED dot
and bar-graph elements include Litronix, General
Instrument, Hewlett-Packard and Sharp.

Litronix supplies 4- to 10-element red and green
dot arrays as well as 10-element bar arrays (BG-1000
Series), the latter packaged in 1-in.-long 20-pin DIPs
that you can stack end to end. The bars are on 0.1-in.
centers and come in red (RBG-1000), high-efficiency
red (OBG-1000), yellow (YBG-1000) and green
(GBG-1000). For a 20-mA forward current, these
arrays exhibit typical forward voltages of 1.2 (red), 2.2
(high-efficiency red), 2.4 (yellow) and 2.4V (green).
Prices are $2.30 (100) for the RBG-1000 and $3.15
(100) for the other three units.

General Instrument manufactures a similar end-
stackable 10-element bar display, the high-
efficiency-red MV57164. Green and yellow versions
of the $3.75 (100) device will be available in
production quantities later this year.

Hewlett-Packard offers red, yellow and green
rectangular light-bar modules that you can stack side
by side or end to end. This HMP-2300/2400/2500
Series comes in two sizes of in-line packages with
pins on standard 0.1-in. centers. One package has a
4-diode bar with a 0.75x0.15-in. luminous area; the
other incorporates two diodes that illuminate a

0.35%0.15-in. surface.

Sharp’s line of 12-element red, yellow or green
LED assemblies has the bars aligned horizontally
rather than vertically. These red (GL-112R), green
(GL-112G), yellow-green (GL-112N) and yellow
(GL-112H) units can be driven by Sharp’s IR-2400
Series 12-element drivers, described in the text. You
can also specify these 12-element bars in combina-
tions like these: nine yellow-green and three red
elements (FL-112S); eight yellow-green and four red
(GL-112M); four yellow-green, four yellow and four
red (GL-112T).

These 12-bar assemblies come in two lengths: one
about 2.28 in. and the other about 2.75 in. In-line pins
for the devices are on 0.1-in. centers, and each diode
has individual connections. Similar 5- (GL-105) and
6-element (GL-106) packages in red, yellow-green
and yellow are also available.

Vacuum-fluorescent displays come from three
sources: Futaba, NEC America and Noritake (Ise
Electronics). Standard products range from audio VU
bar-graph meters to 100-element bar graphs. The
usual display color is green, although others are
available on special order.

LCDs and gas-discharge displays can also be
driven by the ICs described in the text. However, the
process involves more components and greater
circuit complexity, which in general tend to offset the
cost advantages and simplicity of the dedicated driver
chips.
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Better answers for
better performance.

A. New High Voltage, Fast Recovery Recti-
fiers for use in "diode-split" transformers, “multi-
plier” and “half-wave” extra high voltage power
supplies for TV, microwave ovens, CRT displays,
photocopiers, etc. Voltages from 3kV to 18kV with
a current rating of 20mA. Circle No. 50

B. New 50 Amp/450 Volt Bipolar NPN Power

6 "Ew A"D Transistors feature fall times of 200 nano-
seconds when switching 50 Amp loads. The
extremely fast switching times make the HPT
545 Series applicable to switching regulators
and high power inverters for UPS systems and

AC motor controllers, where several smaller,
paralleled devices may be replaced by a single
HPT 545.
Circle No. 51
C. New low-cost, triple diffused IR 13006 and
IR13007 Power Transistorssolve size and cost
problems related to small EDP switching power
supplies for data terminals, word processors
and copiers. Rated at 8 Amps, 300 or 400 volts,
these TO-220AB packaged devices are electri-
. cally equivalent and cost competitive with the
established Motorola MJE13006/MJE13007

Circle No. 52

D. New IR6543-5-7 “SUPERSPEC” TO-3
Power Transistors feature improved turn-off
switching times and saturation voltage ratings
over JEDEC 2N6543-5-7 devices to optimize
switching power supply performance. For exam-
ple, rise time is 0.6 us vs. 0.7 to 1.0 us for JEDEC
types, and fall time is only 0.2 us vs. the JEDEC
0.4 us. Saturation voltage is0.75V vs. 1.0Vto 1.5V
for JEDECS. Other SUPERSPEC types with
superior switching times include the IR6582 and
IR6583, improved versions of the 2N6582-

2N6583. Circle No. 53

E. Molded Diode Bridges rated from 1 to 100
Amps include 1 to 3 Amp bridges in three case
styles for PC board mounting, U.L. recognized,
isolated base “JB" units rated from 10 to 25
Amps with surge ratings up to 300 Amps, and
“HB" models for applications in the 80 and 100
Amp range. Send for detailed Selection Guide
and Cross Reference to other industry types

Circle No. 54

F. Standard
Rectifier
Assemblies
available off-the-
shelf include single
and three phase
types rated from 15
to 1500 Amps, 400
thru 1200 volts. 85
models. Cost-
effective candidates
for “make or buy"
decisions. Send for
Data Sheet PD-7.003
for complete
information.

Circle No. 55

~ INTERNATIONAL
RECTIFIER
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stages switch every 200 mV. Input
for the logaritlimic device spans 0 to
1058 mV, with switching for every
3-dB voltage increase. Built-in
10-mV switching hysteresis in these
5-step devices prevents oscillation
when sensing slow transitions.

For driving 10-bar displays, TI
offers linear 16-pin and logarithmic
14-pin devices. The essential
difference between two of the linear
drivers (TL490, TL491) lies in their
driver-transistor outputs: The 490
incorporates open-collector drivers
that sink 40 mA and withstand 32V
when OFF, while the 491 has
open-emitter drivers that sink 25
mA and hold off 25V. Additionally,
the 490 can drive LEDs (or lamps),
while the 491 suits VF bar displays.

A separate pin aids in cascading
these devices to form longer
displays (Fig 3). Input impedance is
only 10 kQ for both units, and
threshold intervals adjust from 50
to 200 mV via a resistor going from
pin 6 to ground. Nominal full-scale
inputs equal 500 and 2000 mV,
respectively.

Two logarithmic 10-step detec-
tor/drivers from TI (TL480, TL481)
provide an input impedance of 100
kQ. But these 14-pin devices omit
the simplified cascade-connection
features of their linear counter-
parts. The TL480 contains 40-mA,
32V LED drivers, while the TL481
incorporates 25-mA, 35V VF
drivers. The first comparator stage
of both devices switches at a typical
input of 203 mV, with subsequent
outputs switching at 2-dB incre-
ments up to 1614 mV—when all 10
display elements are lighted.

Series LED drive cuts dissipation

Telefunken’s contribution to
bar-scale driver design is a series of
8-pin DIPs that drive five LEDs
with either linear or log-scale
outputs: The circuitry in these ICs
is basic: An external regulated
voltage feeds the scaling-resistor
network for the 5-comparator
string, and the lower end of the
string is grounded.

But the chips provide an

EDN APRIL 20, 1980

the bright new answer to data viewing problems,
available only from CLINTON ... THE ANSWER
PEOPLE IN CRT'S. Clinton’s new DATASTAR high
Contrast Phosphors (available in versions of P-4
and P-31) are the first and only phosphors devel-
oped specifically for information display
applications.

With Clinton’'s new DATASTAR high contrast
phosphors the operator does not have to adjust
the tube to a high brightness level in order to
achieve good readability under high ambient light
conditions. This also means less spot distortion
and delayed screen/phosphor discoloration, com-
mon to alpha-numeric displays. In addition, DATA-
STAR phosphors are significantly more resistant
to discoloration, therefore the Clinton CRT has a
longer useful field life.

Combine the advantages of DATASTAR phos-
phors with Clinton’s high resolution SUPER-
TUBES, and you have a CRT display unequaled
in quality and performance. DATASTAR . .. Just
one more innovation from CLINTON ... THE
ANSWER PEOPLE IN CRT'S. See the DATASTAR
phosphors in operation in booth 3206 at the N.C.C.

CLINTON
E ELECTRONICS
CORPORATION

6701 Clinton Rd., Rockford, 1. 61111 Phone 815-633-1444 Telex 257-484

For more information, Circle No 56
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Operational Amplifiers
. . . the Problem Solvers

The 1460 — The obvious choice
for your high speed, high power
applications.

+30 V @ 150 mA output
1.0 GHz Gain Bandwidth
30 V/us Slew Rate
VMOS Output Stage

The 1430 — Your solution to
those D/A and fast sample and
hold designs that call for fast
and smooth settling.

200 ns settling to 0.01%
+10 V @ 50 mA output
500 V/us Slew Rate

80 MHz Gain Bandwidth

A e S
“"“TELEDYNE PHILBRICK

Allied Drive at Route 128, Dedham, Massachusetts 02026
Tel: (617)329-1600 TWX:(710)348-6726 Telex: 924439

For more information, Circle No 41
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Fig 5—Twin-channel audio-level indication results from using two Exar 2276
12-element VF bar-graph drivers. The output of each 2276 illuminates half of a dual
12-bar display (Futaba BG42 or NEC 2B1745). The 12 elements span a range of —8
to +20 dB; the 10-k{} pots adjust the 0-dB reference levels for both channels.

IEHOV

interesting power-saving capability.
An internal constant-current supply
is adjusted for 20 mA of LED
current. The LEDs connect in
series, and their junctions connect
to the IC’s driver terminals (Fig 4).
When all comparators are OFF (or
down), the LED current diverts to
ground through bypass transistors
connected to the comparator
outputs. As the comparators turn
on (or up), the transistors turn off
one by one, allowing current to then
flow through the LEDs to ground.
As a result, the chip’s dissipation
is minimized because the drive
current remains at only 20 mA with
all LEDs ON. Contrast this
arrangement with a parallel-drive
one like National’s, where the
current through each LED adds to
the total. In this case, the current
would be 100 mA—an excessive

amount for the small Telefunken IC.

With the Telefunken chips,
supply voltage is the sum of the
voltage drops across the LEDs and
the constant-current supply. As-
suming that red LEDs have a
maximum forward voltage of about
2V at 20 mA, the drop across the
five devices is 10V, plus another 2V
for the current source—12V total.
For all-green or all-yellow LEDs,
forward voltage equals about 3.2V,
implying a total of 18V for the
supply.

The Telefunken ICs are designed
to be paired for cascading. For
example, the U237B and U247B
each provide a 5-step linear output,
but the thresholds of the U237B’s
comparator string lie between those
of the U247B.

Specifically, fairly sharp thresh-
olds exist for the U237B at 0.2, 0.4,
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Introducing the HS5200 Series ADC'’s:

Designed for

In response to emerging military standards for high-rel
12-bit ADC's, our new HS5200 Series offers adjust-
ment-free performance . . . at an attractive price . . .
with the highest levels of reliability. And it's packaged
for ruggedness and true hermeticity.

Others talk high-rel; Hybrid Systems delivers. Take
our tough, all-metal package: HS5200 ADC's never
crack or buckle when you plug them into your PC
boards or systems. And we offer the best cost-perform-
ance ratios in the business . . . because we know
what that same high-rel means to our customers.

Just ask your source inspectors.

Then consider this: conversion time 10uSec typical

. £0.002%/% power supply rejection . . . and no
trimming resistors required to adjust offset and gain . . .
full complement of bipolar and unipolar input ranges
from =5to =10V . . . with external reference models
available for even higher accuracy.

packaged like a tal

For performance,
experience and reliability,
go with the leader.

Hybrid Systems
g CORPORATION
Crosby Drive, Bedford, MA 01730

Phone (617) 275-1570
(TWX 710-326-7584 HYBRIDSYS BFRD)

In Germany: Hybrid Systems GmbH.
6100 Darmstadt, Luisenplatz 4, Germany
Tel. 6151-291595 (TELEX 419390 HYSY D)

In France: Hybrid Systems S.A.R.L.

14 Rue du Morvan SILIC 525

94633 Rungis CEDEX, France

Tel. 1-6878337 (TELEX 250969 HYSYS)

In the United Kingdom

Hybrid (Component) Systems U K. Ltd.

12A Park Street, Camberley, Surrey

Tel. (0276) 28128 (TELEX 858720 HYBRID G)

For more information, Circle No 42
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0.6, 0.8 and 1V, while those for the
U247B are at 0.1, 0.3, 0.5, 0.7 and
0.9V. To obtain a 10-step LED
drive, you apply the same input
voltage to both ICs; the LEDs
driven by each chip then light up
alternately. For more gradual
transitions, you can use the firm’s
U244B/U254B as a 10-step pair.

Telefunken’s U257B and U267B
are similarly paired, but in this case
the steps are logarithmie, ranging in
a 10-step connection from —20 dB
for a 0.1V input to +6 dB for a 2V
input to the U257B.

VF units in consumer applications

The use of VF displays in
automotive and consumer products
is growing fast. One VF driver for
such applications, employed with a
Futaba display in a Hitachi tape
deck, is the 16-pin Hitachi
HA12019. It was developed to
produce a 12-point VU bar-graph
display that logarithmically corre-
sponds to the input de voltage. Init,
an on-chip constant-current genera-
tor supplies the scaling-resistor

network from the input supply
voltage.

For a nominal 12V input supply, a
5-mA max output current is
available for the VF-tube anodes;
the IC operates from a 10 to 24V
supply. The 12 driven VF bars
display an input-voltage span of —20
to +8 dB. A similar 16-pin chip with
a linear-step output to a VF bar
display (HA12010) is also available.

With another offering, Exar has
developed a 12-bar dB-level display
detector/driver specifically for
interfacing with VF displays. This
16-pin XR-2276 contains an input
buffer, a bias network and 12
comparators. The bias network
consists of a voltage reference and a
string of scaling resistors, weighted
to provided logarithmic-step out-
puts between —8 and +20 dB with
reference to a 0-dB level setting. A
pin provides 0-dB adjustment.
Allowable input signals range from
4.5 to 5.5V. A dual-channel VF
display using two XR-2276s appears
in Fig 5. EDN

Call your

For more information...
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Hewlett-Packard Co
640 Page Mill Rd
Palo Alto, CA 94304
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Hitachi America Ltd

707 W Algonquin Rd
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Box 62229 19000 Homestead Rd 186 Wood Ave South
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Now you can get Hughes quality & These printed circuit connectors are

in a printed circuit connector that H“g heSI for use with multilayer P C boards or flexible

meets the requirements of MIL-C-55302. printed wiring. Plugs are right angle with

But we've added some features to v N pin contacts, receptacles have soc-

our version designed to improve per- o“r ew ket contacts. Both bodies are avail-

formance. Features we believe make our able with or without mounting flange.
connectors better in four ways:

1. Easier contact repairability, should it ever Hughes 55302 connectors conform to slash
become necessary. Socket contacts can be sheets /57, /58, /61, /62, and /64. The following
easily removed from the con- sizes are available: 70, 56, 50, 44,
nector face, doing away with 40, 36, 30, 26. Additional sizes
the need to remove the Mll-c-553oz available soon. A variety of

entire connector, hardware is offered.

apnesn: Connectors
result of superior contact For more information, pricing,

design and materials. oracatalog, contact your nearest
. Easier terminations to flex cir- Hughes Connector Representative.

cuitry, even to multi-layer flex, Or write:

through improved connector Hughes Aircraft Company,

design. CRRER T LR e Connecting Devices Division,
. Greater contact reliability, thanks cegRERREAE I R e 17150 Von Karman Avenue,

to the use of beryllium copper. ) i Irvine, California 92714.

Lo i s Ty e il . ks i =)
HUGHES AIRCRAFT COMPANY
CONNECTING DEVICES DIV,

For more information, Circle No 43
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Readers confirm dense-pc-board failures,
report additional leakage, shorts problems

Dale Zeskind, Contributing Editor

Reports of the discovery of an
intrinsic failure mechanism in
high-density pe boards (EDN,
September 5, 1979, pg 59) have
generated reader responses not
only confirming the existence of the
mechanism but detailing additional
failure phenomena as well. The
responses point up some of the
difficulties involved in applying
designs with conductor spacings in
the 10-mil range to conventional
epoxy/glass boards.

Insulation loss a danger

Researchers J N Lahti and D J
Lando and their colleagues at Bell
Labs, Whippany, NJ, had reported
a catastrophic loss in insulation
resistance between the conductors
on the high-density boards under
high-humidity (greater than 80%)
conditions. The loss results from the
electrochemical growth of a conduc-
tive copper compound along the
boards’ internal glass filaments.

In the case of at least one
domestic equipment manufacturer,
several instances of pc-board fires
have been tentatively linked to this
phenomenon.

Lahti and Lando have since been
contacted by 20 to 30 domestic and
foreign manufacturers who have
experienced this and other difficul-
ties with their high-density pe-
board designs. Until now, many of
these companies—among them
some of the largest computer and
instrument  manufacturers—have
been reluctant to openly discuss
their difficulties, mistakenly assum-
ing that their problems are unique
to their manufacturing processes.

In addition to insulation-
resistance failure, designers of
dense pe boards commonly report
the erratic appearance and disap-
pearance of leakage paths between
closely spaced conductors.

EDN APRIL 20, 1980

CONDUCTORS
4%/ SOLDER
o e [ MaAsK

EPOXY/GLASS
r PC BOARD

If improperly applied, dry-film solder masks leave voids between closely spaced conductors
on the surface of a pc board. These voids can trap moisture and impurities, thereby creating
leakage paths. This cross-sectional view illustrates the proper application of such a mask; the
4-mil-thick mask (blue-tinted layer) completely fills the 6-mil-wide space between conductors
on the surface of an epoxy/glass board. Note also the glass-fiber weaving inside the board

(Photo courtesy Dynachem Corp)

The experiences of Tom Valone,
research engineer at the Scott
Aviation Div of ATO Ine, Lancas-
ter, NY, are typical. He reports
observing several kilohms of
leakage between 10-mil-spaced
conductors. By baking his boards,
he manages to completely eliminate
the problem, only to see it slowly
reappear over several hours. Other
designers report a seasonal varia-
tion of this phenomenon—they
encounter many leakage problems
during the warm, humid summer
months and few during winter.

Designer disbelief

But despite the appearance of
such reports, it’s often difficult to
convince design engineers of the
possibility of pe-board or material-
induced circuit failures, says John
Bauer of Sperry Univae, Roseville,
MN. These designers sometimes
incorrectly assume that a pc board
is a tried-and-true component with
little likelihood of failure.

Of course, many leakage prob-
lems merely result from dirty
boards: Surface residues absorb
moisture and create conductive
paths, whose effects closely spaced
conductors exacerbate.

But several industry experts
point out that merely -cleaning
boards after mounting and soldering
components on them often doesn’t
suffice to alleviate the problem.
Residues from the etching and
plating process, if not properly
removed by the pe fabricator, can
become permanently affixed to the
pe-board surface.

Faulty drilling causes problems

Another problem that can plague
high-density designs results from
improper drilling procedures. Rob-
ert Williams of General Electric’s
Laminated and Insulating Materials
Div, Coshocton, OH, explains that
localized heat generated by improp-
er drilling rates can actually force
separation of the glass/epoxy
interface. Impurities and sometimes
even metal can wick into these
separations during etching and
plating processes, causing leakage
paths and, in some cases, dead
shorts.

Other industry sources explain
that excessive thermal shock can, in
general, weaken a board’s ability to
inhibit moisture and impurity
penetration. (GE has recently
announced an improved Engineered
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IPC MULT1-PURPOSE TEST BOARD
NO. IPC B-25

H
B 0006000 FO G==-0-0-G
XX XXX -0-0-0-0
C B

®
A

||| e

The quality of a pc fabricator’s processing techniques can greatly influence the performance of high-density circuits. Therefore, the IPC
recommends qualification of the fabricator's processes by means of a whole-board test pattern such as this one (IPC B-25).
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FR-4 material, which it believes
exhibits greater resistance to these
types of problems.)

Use solder masks wisely

Solder masks often give rise to
another problem in  high-density
designs.

Most pc fabricators employ one of
two basic solder-mask concepts. In
the first, a wet paint-like material,
applied to the boards through a
silkscreen, is cured either thermally
or through exposure to UV light.
Walt Custer of Thiokol's Dynachem
Div, Santa Ana, CA, points out that
you can specify several different
grades of these so-called wet
solder-mask materials. He recom-
mends that if dealing with
leakage-sensitive circuitry, you
choose one of the higher grades.

The second solder-mask concept
employs a dry photosensitive film
consisting of a layer of polyethylene,
a layer of photopolymer and a layer
of Mylar. A special machine applies
this film by first removing the
polyethylene layer, then laminating
the remaining two layers onto the pe
surface under heat and pressure.
The board is then photographically
exposed throygh a photographic
mask, and the Mylar is removed.
The developed photopolymer acts as
the solder mask.

PC fabricators often employ this
dry-film approach in dense designs,
where registration accuracy and
dimensional stability prove critical.
But the comments of C B Wilson of
Texas Instruments, Lubbock, TX,
typify those of many pe designers
who warn against the potentigl
pitfalls of the dry-film approach: If
not properly applied, the film might
not conform to the grooves between
closely spaced conductors. The
resulting cavities can trap impuri-
ties and moisture, resulting in
serious leakage problems.

Communication needed

If you are experiencing these
types of problems in your high-
density designs, what can you do?
Most industry sources agree that it
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Your Micro Circuit
Applications can
Depend on VECO’s
New Chip Thermistors

“NER

VICTORY ENGINEERING

CORP.

VICTORY ROAD, P.O. BOX 559, SPRINGFIELD, NEW JERSEY 07081

TWX: 710-883-4430 " TEL EO‘! . 375-5.500
For more information, Circle No 57

)

[] Archival data storage
[J Disc back-up

For more information, Circle No 58

-aided design

[J IBM and ANSI compatible formats
(] Transfer rates to 100,000 bytes/sec.
[J Dual buffers to 16,384 bytes.

The Dylon Torporation |

3670 Ruffin Road, San Diego, CA 92123 (714) 292-5584 TWX: 910-335-1524

ons

tion,
ting,

' magnetic tape recording systems
o World-wide computer data interchange
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BUCKEYE CASES

Our line is stacked for your selection.

Attractive Designs
‘Unique Styles

Matching Instrumentation
and
Two distinctive styles...

the BUCKEYE stamping co.
5565 Marion Rd. Columbus OH 43207

Phone 614/445-8433
For Cases, Circle no 61
For Knobs, Circle no 62

See us at Electro 80’ booth numb

News

SCHOTT

GLASS
SPECIALISTS READY TO...

advise and assist the research and development,
design and production engineer in the design of
new glass configurations and requirements for...
e CRT and TV Bulbs

* Pressed and blown glass parts
for Cathode Ray Tubes, including Neck Tubing.

@ SCHOTT
2! AMERICA

11 EAST 26TH STREET, NEW YORK, N.Y. 10010/ (212) 679-8535

Nearly 100 years experience...
Over 40,000,000 bulbs sold

For more information, Circle No 59
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pays to develop a close working
relationship with your pc fabricator,
making sure you understand each
other’s needs and the nature of the
foregoing problems.

It also pays to periodically inspect
pe fabricators’ facilities and proc-
esses and to make sure they agree
with you regarding the importance
of proper drilling rates and cleaning
procedures. Several observers
suggest that you pay particular
attention to the fabricators’
temperature-control and cleaning
procedures—before, during and
after infrared reflow plating.

Additionally, you should establish
comprehensive incoming inspection
of fabricated pc boards. Measure
electrical parameters such as
leakage under a variety of
environmental conditions; Texas
Instruments, for example, routinely
tests many of its boards for 2 wks at
45°C and 95% relative humidity.

Standard test pattern

Noel Poduje, manager of product
development for ADE Corp,
Watertown, MA, additionally sug-
gests that you incorporate into each
of your sensitive pe designs a small
standard pattern for testing
leakage. Such a pattern should
contain closely spaced conductors as
well as plated-through holes.

Several such patterns already
exist in various MIL and NEMA
standards and in standards of the
IPC (Institute for Interconnecting
and Packaging Electronic Circuits,
3451 Church St, Evanston, IL
60203). However, only some of them
are geared directly to high-density
applications.

Finally, if you need more
assistance, Dieter Bergman, techni-
cal director of the IPC, points out
that there are solutions to most of
the pe problems designers encoun-
ter. To this end, the IPC
(considered by many to be the best
source for up-to-date pc design
information) offers a 3-day work-
shop geared directly to the needs of
design engineers. EDN
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power supples
for your
automatic
test
equipment .

VOLTAGE CURRENT

KEPCO
series ; i

[ATE]

KEPCO POWER SUPPLY

TE 25-10M

ATE15-50M 016V 0-50A

KE F-’C‘.. 6 ® ‘F*;' complete specifications, write Dept.

KEPCO, INC. » 131-38 mma AVENUE - FLUSHING, N.Y. 11352 U.S.A. + (212) 461-7000 = TWX #710-582-2631 Cthlc KEPCOPOWER NEWYORK
For more information, Circle No 60




ENOUGH IS

ITS TME SOMEONE ESTABLISHED
INDUSTRIAL GRADE" COMPUTER SPECS

It's Time Someone Established ‘Industrial Grade’
Computer Specs. Computers started in clean
rooms and then moved into offices. Soon
people fried to put them out in the plants where
they couldn’t stand up to the heat, humidity and
other hostile environmental factors

But, just because
a computer is

LS

smart enough fo
run a machine

A/\\I\TOW

doesn't make it

/ industrial

an ‘industrial

grade’ computer. / Commercial
Too much

computer Consumer

hardware that is
billed as 'industrial’ breaks down in the real
world of the plant.

Industrial specifications for military
computers are too stringent and foo
costly to be practical for

industrial applications.

Temperature. We believe that
the minumum acceptable
‘industrial grade’ temperature
specification should be 60°C
Factories are not comfortable like offices
The temperature inside sealed enclosures is
usually 15°C higher than the ambient plant
temperature. XYCOM's "180 + ‘line carries a
65°C specification.

Relative Humidity. In a plant, @ computer should
have a tolerance to relative humidity levels from
O% to 100%. They should also have resistance
to condensation. The new XYCOM 180 + line
with XYCOAT™ meets this stringent demand

Vibration. Failures due to vibration are virtually
always the result of faulty connections, boards or
chips. To meet ‘industrial grade’ spec, chips
should be soldered to the board and EPROMs
clipped to their sockets. in addition, units should
be subjected to T10OO% full vibration stress and
subseqguent festing to ensure maximum product
integrity.

68

Contaminant Protection. Salts, dust, dirt and oils
are enemies of computers. They even find their
way into sealed cabinets in plants. The XYCOM
180+ line is XYCOATed fo keep contaminants
from the boards. (See corrosion.)

Corrosion Protection. Plants are killers when it
comes to atmospheric contaminants that
corrode and destroy. XYCOAT utilizes a specially
formulated shield that protects module
components from moisture, fungi, grease,
oxidation, salt spray, acids, alkalis, and many
other harmful elements. In addition, XYCOM
connectors are industry proven gold.

Testing Standards. A computer
failure is always bad, but in
an industrial situation it can
be disastrous. Testing
Standards for ‘industrial
grade’ should be
higher than for
‘commercial grade’
All components and
assemblies should
be tested at all
stages of production.
They need to be
subjected to the full
range of dynamic
testing which includes
power cycling and stress
=7 testing under extreme
" temperatures under
microcomputer control for up to 72 hours. This is
in addition to our stress vibration cycle. All
XYCOM products are tested to our ‘industrial
grade’ standards.

Warranty. For industrial purposes a warranty
needs to cover the period soon after installation
when most failures will occur. We believe that a
year warranty offers the most desirable cost to
reliability ratio for both manufacturer and user. It
is our philosophy that, although the extent of our
festing is extensive, the resulting savings due fo
greatly reduced warranty claims keeps XYCOM
products competitive and your plant operating.
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ENOUGH:

AND STOP SENDING BOYS
1O DO MEN'S WORK

Introducing the XYCOM 180 + Line. Now, we are
sefting a new standard for the others to match.
Every 180+ module is XYCOATed and uses
gold connectors. Our regular 180 line meets

most ‘industrial grade’ specs which is sufficient
for most factories. The 180+ line exceeds
‘spec’ and is for even tougher environments.

Common Features Intel DEC

COMPARE 180 +" "SPEC FOR SPEC”

We've told you what we think ‘spec’ should be. Look at how our 180 + line shapes up and
compare us with any other product that espouses o the ‘industrial grade’ designation.

Motorola

Others XYCOM 180 +

Temperature

65°C

Relative Humidity

O% - 100%

Vibration

100% Vibration Stress

Contaminant
Protection

XYCOAT meets
petroleum industry
standards

Testing Standards

100% Accelerated bum-in
with power cycling,
full dynamic testing

Warranty

1 year

Specific 180 +’ Features

Digital 1/0: T2L 1/O, 64 channel
64 channel power out

Analog 1/0: 12 bit, 300 v common mode
integrating A/D
8 channel, 4 10 20 ma isolated D/A.

CPU: Minimum Cost CPU
High Performance CPU

Memory: Multiple 65k EPROM cards
Multiple 65k RAM cards

Software: Multitasking Runtime Executives,
Assembly. Fortran IV, Industrial Pascal

Accept the XYCOM Chadllenge

We want you to compare the XYCOM 180 +' line with any
other product that aspires to the ‘industrial grade’
designation. Just fill in the specifications for any competitive
industrial computer, fill in your name and address and send
your entry to us. Everyone that makes a comparison gets a
gift. One entry per person. The grand prize winner will be
selected by drawing before September 30, 1980. Entries
must be received by July 31, 1980. The trip must be taken
between January 1, 1981 and May 31, 1981

(You could win a week for
two to Club Med, Cancun.)

Name Title

Co Address
41V O LY P s 1 =

P.O. Box 984

Ann Arbor, Muchlgon 48106

Phone: (313) 429-4970

TWX: 810-223-8153 The Hardhat Computer People

For more information, Circle No 63
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Evaluate vibration/noise
anywhere
WwWith ONE portable FFT spectrum analyzer.

Nicolet’s new 446B-1311* provides in
ONE portable real-time spectrum analyzer
a complete laboratory to measure, store,
compare and evaluate vibration signatures,
resonances, or noise on-site with 14-built-in
capabilities ...

(NEW) 1. Storage of time or frequency (with
analyzer setups) digitally on mini-tape
cassettes ... exact recall of reference
sgectra for comparison to measure
change ... fast field recording for
later lab plotting.

(NEW) 2. Strobe control through
unique sinewave output at cursor
to quickly identify a machine
running speed peak in the
spectrum®.

(NEW) 3. Transfer and control by
digital peripherals through the
IEEEA488 interface.

4. High resolution analysis (400-lines) to pinpoint

vibration sources ... “zoom” expansion X20,000 (50Hz

window) with out-of-band protection up to 100 kHz®.

5. Averaging to match process ... stable (sum), moving

(exponential), maximum (peak profile), or background

removal (difference).

6. Comparison of two spectra (400-line, 1/3 or 1/1 octave®)

through difference or ratio display and measurement ... a

baseline spectrum may have been recalled from the built-

in tape recorder. ;

7. Identification of orders through harmonic cursor and

order normalized signature displays.

Footastes: Call Dot Hubner for a demonstration at your facility on your data.

“The 446B-1311 is an

ded version of th "lcm.ET 245 Livingston St., Northvale, NJ 07647 Engineert
witlely it (Lt Tel. (201) 767-7100. TWX: 710 991 9619 positigeering
has all the capabilities of - scIE"TIFIc U.K. Tel. (0926) 44111 Japan 06-3052150. digita design —
the 446A. Germany (0611) 812075. (and factory trained representatives applicatine.. '
(a) Option-2 (b) Option-3 ® cﬂm’ﬂﬂ"lﬂﬂ Canada 416-625-8302. in major countries throughout Plcations
() Option-5 The problem solving company  France (1) 955-50-70 the free world)

New Built-in Tape
Digital mini-cas-
settes store 34 400-
line spectra on each
side ... also store
1/3-octave spectra'®
or time functions ...
data recalled by I1.D.
number ... records
include screen annota-
tion for understanding of
how data was processed.

8. Conversion from acceleration to velocity
to displacement readings to match past data
through integration/differentiation.

9. Accelerometer power supply for piezo-electric

transducers with built-in amplifiers.

10. Engineering unit calibration, including
frequency in “RPM” (cycles per minute).

11. Transient data capture and analysis.
12. Self-test routine to simplify emergency field
repair of digital logic®.

(ACOUSTICS) 13. Sound level measurements in dBA
(overall A-weighted RMS) ... A-weighing can be applied

to any spectrum.

(ACOUSTICS) 14. 1/3 and 1/1 octave analysis® to

evaluate noise.

Problem-solving services
Nicolet Structural Analysis Consulting Group solves
structural problems with or without Nicolet equipment.
10-Minute Color Film explains and shows a step-by-step
Modal Analysis of Le Car with animated display of results.
NICOLET-DynaVibes offers contract machine
diagnostic services.

For Demo, Circle #___ 65 For Lit., Circle #____261 See us at Booth 115, Electro/80
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Laboratory-oscilloscope choices grow
as makers expand cost, performance options

Andy Santoni, Western Editor

Since EDN’s recent Special Report
on laboratory oscilloscopes (January
20, pg 98), your choices have
broadened at both ends of the
lab-scope price/performance spec-
trum: Scope makers have intro-
duced high-performance units that
help you make measurements more
easily than ever, plus low-cost units
with features never before available
in the low-end price range.
Here are the latest introductions:
® Model 5650 from Kikusui
International Corp—a dual-
trace, 50-MHz unit with
alternate timebase, plug-in
construction and a price $150
less than its competition’s. gy * o N &
e Model SC60 from Sencore - I ad Nl
Inc—a $1595 60-MHz, dual- ' S £ T :
trace unit that marks the a4q10.MHz digital storage to the industry-standard 4658 and you have the Tektronix 468.
firm’s first venture outside

the TV/service field and into but with an added feature: combines analog performance

the engineering lab digital storage with a useful with pP-based waveform
® Model 468 from Tektronix bandwidth to 10 MHz processing in a $10,500

Inc—identical to the firm’s ® Model 7854 from Tektronix—a package.

industry-standard Model 465 400-MHz plug-in scope that

488-bus compatibility

The Tektronix 7854 offers the
features you'd expect in a high-
performance lab scope: de to
400-MHz bandwidth at 10 mV/div,
calibrated sweep rates to 500 psec
and a choice of more than 30 7000
Series plug-ins. Additionally, it
provides digital storage of repeti-
tive waveforms up to 400 MHz,
signal averaging to reduce noise,
storage of single-shot events with a °
sweep rate as fast as 50 psec/div
and (with an optional 7B87 plug-in)
pretrigger display from 0 to 100%.
Digital storage also gives you
vertical and horizontal resolution of
up to 0.01 div on stored data, with a
choice of 128, 256, 512 or 1024
horizontal points per waveform.

Alternate timebase /ets you view as many as four waveforms simultaneously on Kikusui's The scope is preprogrammed so
Model 5650. that you can make the most common
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we give

you more
ways to
protect
cu'cmts

Safe-Ti Caps™ protect connections
against spills, dirt and accidental
short circuits from dropped tools.

Insulated Feed-Thru Turrets
help prevent individual bottom
terminations from contacting chassis.

High Barriers increase
electrical creepage path and
permit use of multiple conductors.

Insulation Strips cover
bottom of terminal boards
and increase creepage path.

Kul

KULKA ELECTRIC CORP., 520 S. FULTON AVENUE
MOUNT VERNON, NY 10551 TEL: 914 664 4024

A NORTH

AMERICAN
PHILIPS
COMPANY

For more information, Circle No 66
T2

Technology News

measurements (rise time, fall time
and pulse width), along with
complex waveform comparisons, by
pushing a button on a calculator-like
keyboard. This keyboard also allows
you to create your own measure-
ment programs, monitor signals
without being present or automate
a series of measurements.
Keystroke instructions for the
CRT text can go to the 7854 via an
IEEE-488 interface, which can also

handle waveform data or measure-
ment results. Tied to Tektronix’s
Model 4052 graphic desktop
computer, the scope becomes a WP
1310 signal-processing system,
priced at $26,350.

465B goes digital

Digital storage costing less than
the 7854’s is a feature of Tektronix’s
$4600 Model 468. This scope has all
the capabilities of Model 465B in its

=
v
|-

—

ﬂ
PUTAH3

Eola

R BROW

Digital storage, programmability and an IEEE-488 interface combine with 400-MHz analog

performance in Tektronix's 7854.
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What to do with

Intolerable
Gard Enclosures:

The hibachi

Electro-Space Fabricators has a suggestion. = The result is a unit which meets your
Next time you receive a shipment of card exact specifications . . . along with greater
enclosures that are too tight or too loose, strength and real structural integrity. Most
misaligned or just plain out of tolerance, important, you enjoy complete design
why not use them for hibachis? Ridiculous? flexibility and the resources of the leader
Not nearly so ridiculous as the money you in card enclosure manufacturing :
waste on racks that don’'t meet your needs. all at costs well below off-the-shelf racks.

If you want an hibachi, go to
a department store. If you want
card enclosures that are totally

tolerable, come to us.

Elec_tro-space Call 215-682-7181
Fabricators. Inc.

At Electro-Space, the right en-
closure begins with in-depth
value analysis, a free service
of our design group.

The Tolerance People, West High Street, Topton, PA 19562
For more information, Circle No 67
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fM A-B950 \ News
5 nonstorage mode and works just
series

like a nonstorage scope even in its
digital-storage mode. (Pushing a
button selects the appropriate

mode.)
MA-89568 With digital storage, no interac-
tions take place between storage-
level and intensity controls. The
combination of a 25M-sample/sec,
8-bit digitizer and a display-
interpolation technique that re-
quires only 2.5 samples/cycle to
" display sinusoidal signals accurately
provides a useful bandwidth of 10

MHz.
An Envelope mode uses dual

. \\\
N\
th \ NN
A
e
o,

= ~ o sampling rates and records maxi-
'St commerciany

. \

-

r mum and minimum values of a
waveform envelope into memory

- = [}
available dot-matrix LCD'S | oo : coiccutie mmber o

COMPLETE WITH INTEGRAL CMOS LSI DRIVER §\ caplure BieUVIpD ses on ang

sweeps and proves useful for glitch

Epson brings the legibility of 1/8 multiplex dot matrix to LCD’s catching, waveform-excursion view-
with its new MA-B950 Series of modules. Each contains integral ing and aliasing detection.

CMOS-LSI controlling and driving electronics plus a tempera- Optional signal averaging and
ture compensated power distribution circuit. Total power con- cursors . for time and voltage
sumption is only 30mW from a +5volt, —5 volt source. Connected differences simplify operation. An
to user's microprocessor data RAM and character generator, IEEE-488 interface is also optional.

units present large black 5x 7 reflective dot matrix characters
on a gray background. Samples may be ordered immediately
from stock. Requests for custom LCD modules and displays
are welcomed.

Competition heats up

Although scopes like Model 465B
have given Tektronix the lead in the
lab-quality portable-scope arena,

Four versions available: new competition is appearing. For

example, Kikusui’'s Model 5650 is

Total Charactgrs Chal:acter comparable in basic spees to

shonl {Ceifmfegx Hines) Height Tektronix’s Model 455 but provides

s L Sl l) 0.22"' (5.58 mm) more features. And its price is

Losaclodl 40 (20 x 2) 0.26"" (6.53 mm) $1895—$150 less than that of a 455.

MA-B955B 16 (16 x 1) 0.17'’ (4.38 mm) Like the 455, the 5650 has

MA-B956B 32 (16 x 2) 0.26" (6.53 mm) | 50-MHz bandwidth at 5-mV/div
SEND FOR PRICES AND COMPLETE INFORMATION oA e e A

er, the 455 provides faster sweep
PORESON AMERICA, Hee. speeds: 5 nsec/div min at x10

23844 Hawthorne Blvd., Torrance, CA 90505 magnification, compared with 10
Telephone (213) 378-2220 « TWX 910 344-7390 nsee/div in the 5650.

But the 5650 features alternate
timebase—a capability that can
make troubleshooting easier. With
it, you can compare four traces
simultaneously—the two input
channels and expanded segments of
each.

It’s easy to troubleshoot the 5650,
' /} too, if that task should ever prove
— necessary. Modular construction

For more information, Circle No 68
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For exceptlonal ESD
circuit protectlon.

Meet the New
Zero Inductance

transient

SUPPressor.

This all new TransZorb ® transient voltage
suppressor uses a zero inductance design* to
protect integrated circuits from Electrostatic
Discharge (ESD). It will clamp ESD transients
and stop the inductive overshoot voltage
caused by nanosecond rise-time transients.
Zero inductance means zero overshoot and
lower clamping.

ESD is characterized by rise-times of 2
Kilovolts per nanosecond and peak current of
40 Amps at 20,000 Volts. The new Zorb™ is

For more information, Circle No 69

quicker than that, and you can save your
memories, microprocessors, and other IC’s
from upset and failure. It can also save your
dollars and your product reputation, too.
Think about it. Then, call or write General
Semiconductor for complete information on
this new ESDA TransZorb series.

*Patent Pending
TransZorb® is a registered trademark of General Semiconductor Industries, Inc.

Zorb ™ is aregistered trademark of General Semiconductor Industries, Inc.

45% GENERAL
L. SEMICONDUCTOR
L . INDUSTRIES, INC.

2001 West Tenth Place« P.0. Box 3078 « Tempe, Arizona 85281 « 602-968-3101 « TWX 910-950-1942



/VCXO0s, TCXOs: Unmatched Versatility.

Damon continues to be recognized as the leader in the design
and production of low noise VCX0Os/TCXOs. Backed by the
technical expertise of our engineering team, Damon offers
VCXOs and TCXOs with unique performance characteristics.

VCXOs Highest Modulation Rate— Modulation Rate: DC to
2 MHz! Peak Deviation: .03% of C.F. Center
Frequency: .1 to 500 MHz. FM Distortion: Less
than 5%.

Widest Deviation Bandwidth — Peak Deviation: 0.5
% of C.F. Linearity: =3%. Center Frequency: 0.1
to 500 MHz.

Exceptional Spectral Purity— Center Frequency:
40 to 120 MHz (overtone VCXO). Peak Deviation:
10 to 30 KHz. Linearity: =1%. No Harmonically
Related Spectral Lines From0to 1.9 X C.F.

TCXOs High
Temp. Range Standard Stability
0°to+50°C  0.5-5PPM  to 0.1PPM
—20°to +71°C 2-10PPM  to 0.5PPM
—55°to +85°C 4-20PPM__ to 1.0PPM

Damon Electronics: The recognized leader in state-
of-the-art, dependable VCXOs and TCXOs plus a
high-quality line of crystal filters.

For further information, write or call Ed Doherty, (617) 449-0800

News

For more information...

For more information on the latest
in laboratory oscilloscopes, con-
tact the following manufacturers
directly or circle the appropriate
numbersonthelnformationRetriev-
al Service card.

Kikusui International Corp
17121 S Central Ave
Carson, CA 90746

(213) 638-6107

Circle No 447

Sencore Inc

3200 Sencore Dr
Sioux Falls, SD 57107
(605) 339-0100

Circle No 448

Tektronix Inc

Box 1700

Beaverton, OR 97075
(503) 644-0161

Circle No 449

) DAMON/ELECTRONICS DIVISION

\ 80 WILSON WAY, WESTWOOD, MASS. 02090, TEL : (617) 449-0800

For more information, Circle No 72

Choke Design Made Easy

Send for complete information on the DC
and AC characteristics of low cost, high per-
formance iron powder toroidal cores for EMI
and power filters. New information includes
energy storage curves with application notes
to simplify choke design.

— MICROMETALS, INC.

1
5 l .
s 1) g
v'\'

1190 N. Hawk Circle, Anaheim, CA 92807 « (714) 630-7420 « TWX 910-591-1690

For more information, Circle No 73
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and plug-in boards cut disassembly
time to 5 min.

Cutting costs

The lowest priced of the four new
scopes, Sencore’s Model SC60
Widebander provides a 60-MHz
bandwidth (—3 dB) and is usable to
100 MHz, where its response is
down 12 dB. Input sensitivity
equals 5 mV/div, and maximum
measurable input voltage with a
%10 probe is 1600V p-p. Inputs are
protected to 2 kV.

The unit provides TV sync
separators and TV preset positions,
and signals only 0.5 div high can
trigger it. It also incorporates a
beam finder so you can be sure a
signal’s there and properly connect-
ed, even though the scope’s controls
might be improperly set. EDN

JOB
SHOPPING?

Check EDN'’s Career Opportunities

EDN: Everything Designers Need

EDN APRIL 20, 1980



10 to 30 MHz oscilloscopes with more

It's easy to see why LEADER
oscilloscopes are now specified more
than ever. More performance and
quality for less cost. .. with immediate
deliveries from over 100 stocking
distributors. They also come with
the best two-year warranty in the
industry. .. backed by efficient
factory service depots on the
East and West Coasts.

A full-range of reliable,
medium bandwidth

oscilloscopes.
LEADER'’s oscilloscope line includes 11
models, single and dual trace versions,
for bench or field use. All models offer
comprehensive triggering controls, TTL
compatible Z-axis modulation, front
panel trace alignment control and
convenient, color-keyed front panel
layout. Probes are furnished with every
oscilloscope and options include probe
pouches, carrying cases, front panel
covers and rack mounting adapters.

30 MHz delayed sweep —
$1,530.

LBO-515B is a compact, precision
oscilloscope at a moderate price. Using
a PDA 4-inch CRT with parallax-free
internal graticule, it features 5 mV
sensitivity and delayed sweep for
viewing and measuring complex
waveforms. Also has 120 ns signal
delay, trigger hold-off and x-y
operation at full sensitivity.

30 MHz with signal
delay -$1,100.

LBO-520 combines a 11.7 ns rise time
with 5 mV sensitivity and 120 ns signal

performance

and reliability
than you

ever thought
possible.

€

surprisin

leader.

delay lines. Has single shot triggering,
X10 sweep magnifier and bright, sharp
PDA CRT. Triggers to 50 MHz.

20 MHz dual and single

trace —$835., $610.
LBO-508A and
LBO-507A give you
versatility at low cost.
Rise time is 17.5 ns
with 1 MQ (35 pFd)
input impedance.
Automatic or external
triggering, X5 sweep
magnifier, 10 mV/cm
sensitivity and add/
subtract modes.

Oscilloscopes, frequency counters,
function generators, video and
audio insfruments...a LEADER

20 MHz battery/ac

portable —$950.
LBO-308S provides lab performance
and high reliability in field service
applications. Sensitivity is 2 mV
with a complete set of triggering
controls and 18 sweep ranges to
0.1 us/div. with X5 magnifier.
Compact, lightweight with 3-inch
rectangular, internal graticule CRT.
(Optional 2 hour internal battery pack is
recharged during ac operation, $75.00.)

Two-year warranty.

Evaluation units.
A history of high reliability permits
LEADER to provide a generous 2-year
warranty ... backed by factory service
depots on the East and West Coasts.
A free, trial use of LEADER instruments
is available to all
qualified companies.
Call toll-free
(800) 645-5104 to
request:
e an evaluation unit
e our 40-page catalog
¢ the name of your
nearest “Select”
distributor
e additional information

instrument for aimost every need.

10 MHz with 1 mV
sensitivity —$645.

LBO-514 has both vertical and
horizontal X5 magnifiers. Sensitivity
is from 1 mV/cm to 10 V/cm. Sweep
speeds from 0.2 s/cm to 0.1 us/cm.
Auto or normal triggering. Z-axis
modulation. (Single trace version,
LBO-513, $495.)

For product literature, Circle no 23

For product demonstration, Circle no 24

When Quality Counts

EADER

Instruments Corporation
380 Oser Avenue
Haupoauge, N.Y. 11787 (516) 231-6900
Regional Offices:
Chicago, Los Angeles, Dallas.




Rapid Solderless Termination 4-point - Super D Adaptor System
Contact Eliminate Wire Stripping. For D-type Connectors

“Trademark TRW Inc. -

-

.
U.S. Patent Nos Choose From Four Standard Super D Connector Sizes...
3902154 4,035049 4,090,770 9 (on left), 15, 25, and 37 (right) contacts.
other Patents Pending



A unique all plastic snap-locking
connector system that costs less
and does more than standard D-Subs.

Here’s Why
Super D* is
“The D With
The Difference”.

Different? You bet! TRW Cinch’s all
new Super D connector system has
the exclusive design features and
cost-saving benefits that move it to
the top of any D-Sub line!

Let's begin with cost savings.
Most D-subs require soldering or
crimping. Not Super D connectors.
Our new pre-loaded pin/socket con-
tacts provide solderless insulation
displacement 4-point termination.

W
=g

e

o

— .,/—

This unique contact also gives you
twice as many contact points at mat-
ing end as other D-sub designs. All
without wire prepping or stripping.
Result? Immediate assembly time
reduction and a positive cost sav-
ings with increased reliability!

But that's not all! Besides fast, sol-
derless termination, Super D con-
nectors also have snap-on plastic
hoods that feature an exclusive
Latch-N-Lock design for positive,
audible locking with no additional
tools, parts or labor. Just push to
connect, squeeze and pull to dis-
connect. It's that easy!

To convert standard TRW Cinch
D-subs to the Super D system, ask
us about our special adaptor system
for D-type connectors.

Looking for style and design?
Look no further! Super D’s cost-
effective all-plastic assembly is both
smooth and functional to comple-
ment the styling of your computer,
peripheral, data communication, in-
strumentation or video equipment.

This plastic design effectively in-
sures against shock hazards.

Super D connectors employ
selective gold plating only where itis
needed. We've eliminated expen-
sive gold from non-functioning sur-
faces. So you get performance with-
out added cost.

The Super D connector is avail-
able in four sizes (9, 15, 25, and 37
contacts) for cable-to-cable and
cable-to-panel modes. Each will
intermate with existing D-type con-
nectors. And, you'll be glad to know
that the Super D system is designed
to meet EIA Standard RS449 plus
1S04902 and 4903 for your DTE and
DCE equipment.

To further speed your termination
time, TRW Cinch has designed three
terminating tools specifically for the
Super D connector system. Use
Auto-Clinch D* for high volume;
Certi-Clinch D* for moderate pro-
duction and field installation; and
Uni-Clinch D for field repair.

So take a long, hard look at the
D-subs you're using now. Then, take
a look at Super D connectors. There
is a big difference! To get the Super
D difference, write or call your TRW
Electronic Component Sales Office
...listed in EEM, or TRW Cinch Con-
nectors, A Division of TRW Inc., 1501
Morse Avenue, Elk Grove Village, IL
60007. 312/981-6000

- TRW/ cincH connvecToRs

For more information, Circle No 74
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“Our hole-to-hole registration

is critical. Photocircuits boards
help set the standard?’

Dick Johnson, Production Manager, Teltone.

“Teltone is riding the crest of growth and
change in the telecommunications industry.

“Our central office, PBX, key telephone and
service analysis equipment is important but not
unique to our customers. So we've got to be
extremely competitive.

“Today we're building a new plant to be
even more competitive. Which is where
automatic insertion and Photocircuits come in.

“About three years ago we decided that our
board quality had to be better. Especially as we
moved toward incorporating automatic
insertion.

“We looked over the field and decided to
give Photocircuits a try.

“We'd been having a fair amount of trouble
with PTH boards in automatic insertion
because hole-to-hole registration is critical.

“Then we began running Photocircuits
boards. Their boards performed greater than
Teltone expectations and Photocircuits helped
establish our standard.

“And Photocircuits has helped us in other
ways. Board warpage is an industry problem
that has a lot to do with laminates. When some
of their boards would not insert into our
equipment housings, Photocircuits assisted us

in investigating the problem.

They offered design ideas on board layout
to minimize the problem. And as the biggest
independent board maker, they're in an
excellent position to consult and negotiate with
manufacturers.

Teltone is located across the country from
Photocircuits (Kirkland, Washington), and we're
getting response as if they were local.

“What | notice is the constant flow of
questions about drawings. They are tougher
on artwork than we are. Nothing is left to
chance.

“But most important, they know that the
board is a major unit of our products. A key to
our being cost effective. And their attitude is
much like our own.

“They know they'll succeed with their
customers if they keep leading in quality,
service and competitive prices.”

If you want to succeed like Teltone,
perhaps you need a supplier like Photocircuits.
To find out, just contact your Photocircuits
representative. Or call or write Photocircuits,
PCK Sales, 31 Sea Cliff Avenue, Glen Cove,
New York 11542. (516) 448-1301. A Division of
Kollmorgen Corporation.

Photocircuits

Printed circuitry for mass-produced electronics.

See us at Electro ’80 Booth No. 3101-3103

For more information, Circle No 75
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Digital Equipment Corporation has
sold more 16-bit microcomputers than
any other company in the business.

Over 100,000 of them.

And the reason is simple. We give
you more to work with. More hardware,
more software, and more true systems
capability.

So you can develop your products
faster, and offer your customers the right
balance of cost and performance every
time. ‘

What'’s more, Digital’s micros are
software-compatible. Not just with
each other, but with our entire PDP-11
minicomputer family as well.

So you'll never run out of ways to
expand your business.

Just look at what we offer:
Digital’s microcomputer family.

You can choose from eight different
configurations of our LSI-11/2 and -11/23
micros, in both boards and boxes. With
high-performance features like general-
Hurpose registers. Double-precision

oating point processor. Up to 256Kb
memory addressing. And the full instruc-
tion set of the PDP-11 family.

You also get the best form factor in
the industry, because our micro boards
measure just5.2"” x 8.9".

More options on the industry-
standard bus.

Once you have the micro you
want, your possibilities are wide open.

You can choose from dozens of
micro products: 9 different memory
boards, 11 I/O modules, 9 communi-
cations options, even kits for designing
your own custom interfacing.

There are also 8 different periph-
erals, including the TU 58 micro tape
cartridge subsystem.

And the whole family runs on
Digital’s industry-standard LSI-11 Bus,
the most widely copied bus structure
in micros.

The only high-performance
hardware with software to match.

Digital’s micro software is literally
years ahead of the competition.

There’s RSX-11M, the multitasking
real-time operating system that sets

erformance standards for superminis.
SX-11S, a streamlined run-time version
of -1IM. And RT-11 for smaller single-
task aypplications.
ou also get development tools like
an optimized FORTRAN IV-PLUS com-

EDN APRIL 20, 1980

For more information, Circle No 76

piler and BASIC-PLUS-2. Even a ROM-
mable FORTRAN for RT-11.

And Digital’s development systems
let you break ﬁour complex applications
into manageable pieces, so several pro-
grammers can work on the same applica-
tion at once.

That can save you plenty of develop-
ment time.

The total approach to micros.

Behind all Digital’s micro products is
a support commitment that’s unmatched
in the industry.

We have 13,000 support people
worldwide. Technical consultation and
training. And a wide range of su&aport
agreements — from do-it-yourself service
using our special kits, to full support
including coverage for your customers.

It’s the total approach to micros, only
from Digital.

For more information, contact
Digital Equipment Corporation, MR2-2/
M?70, One Iron Way, Marlboro, MA 01752.
Or call toll-free 800-225-9220. (In MA,

HI, AK, and Canada, call 617-481-7400,
ext. 5144.) Or contact your local Hamilton/
Avnet distributor. In Europe: 12 av. des
Morgines, 1213 Petit-Lancy/Geneva. In
Canada: Digital Equipment of Canada, Ltd.

Ittook the minicomputer company
to make micros this easy.
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Leadtime Index

ACTIVE COMPONENTS

PRODUCT

DISCRETE SEMICONDUCTORS
Diode, switching
Diode, zener
Rectifier, low-power
Rectifier, power
Thyristor, low-power
Thyristor, power
Transistor, bipolar power
Transistor, bipolar signal
FET, power
FET, signal
Transistor, RF power

DISPLAYS
Fluorescent
Gas-discharge
Incandescent
LED
Liquid crystal
Plasma panel

ELECTRON TUBES
CRT, black and white TV
CRT, color TV
CRT, industrial
Industrial power
Light and image sensing
Microwave power

INTEGRATED CIRCUITS, DIGITAL
CMOS ‘
Diode transistor logic (DTL)
Emitter-coupled logic (ECL)
Low power Schottky TTL
Standard Schottky TTL
Standard TTL

INTEGRATED CIRCUITS, LINEAR
Communications circuit 8
Data converter
Interface circuit
Operational amplifier
Voltage regulator

. PANEL METERS

- POWER SUPPLIES

MEMORY CIRCUITS
EPROM
PROM, bipolar
RAM, bipolar
RAM, CMOS
RAM, 4k MOS dynamic
RAM, 16k MOS dynamic
RAM, 1k MOS static
RAM, 4k MOS static
ROM, masked MOS

MICROCOMPUTER/MEMORY SYSTEMS
Core memory board
IC memory board
Interface board
Microcomputer board

MICROPROCESSOR IC’S
CPU, bipolar bit slice
CPU, 4-bit MOS
CPU, 8-bit MOS
CPU, 16-bit MOS
Peripheral chip

OPTOELECTRONIC DEVICES
Coupler and isolator
Discrete light-emitting diode

PACKAGED FUNCTIONS
Amplifier, instrumentation
Amplifier, operational
Amplifier, sample/hold
Converter, analog/digital
Converter, digital/analog

Analog
Digital

Custom

Enclosed modular
Open-frame module
Printed circuit

Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of major manufacturers and
OEMs. They represent the typical times necessary to allocate manufacturing capacity to build and ship a medium-sized order for a
moderately popular item. Trends represent changes expected for next month.
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Dow Gorning 631 silicone epoxy moldi
Because you can’t make tomorrow’s electronic components
with yesterday’s technology.

(S
A little over a year ago, Dow Corning and exceptional performance. %
quietly changed the state-of-the-art of the elec- In almost any electronic product. Computers.
tronics industry. Telecommunications equipment. Auto electronic

We changed it with a product so unique, so  devices. Almost anything.

totally outstanding, that it over-
shadowed all existing technology.
The product was Dow Corning 631
silicone/epoxy molding compound.
And it marked the dawn of a new
generation of product performance.
We looked at the advantages of

For the past year, almost every
major semiconductor manufacturer
in the country has been testing
Dow Corning 631. And the initial
reports indicate that 631 1s every-
thing we designed it to be: strong,
compatible, reliable.

silicone. We looked at the advan-
tages of epoxy. And brought them

Experience the dawn of the
new generation of product perform-

together to make the world’s first successful ance for yourself. For more information about
silicone/epoxy molding compound. what Dow Corning 631 silicone/epoxy molding
Dow Corning 631 gives semiconductor compound can do for your products, write

device manufacturers the compatibility, moisture ~ Dow Corning

resistance, and ease of 1]]()1(3]i1.]g of Silico‘ne, 8:&31[ ;l]tllé)llllt DOW COR/VING

coupled with the strength, strong lead seal, and !
salt-spray resistance of epoxy. What it meansto  D-8578, Midland, [ zew corvive
semiconductor devices is unmatched reliability Michigan 48640.

R I —_————

OCopyright Dow Corning Corporation 1980.
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Employed by smart engineers for reliable,
dependable, rechargeable power.

Now available in four, basic 2V cell sizes,ranging
from 2.5 to 25Ah, for dozens of battery configura-
tions and hundreds of applications.

With outstanding float and cyclical characteristics
and superior storage life.

All invented, manufactured and refined by Gates
Energy.

Be wise. Contact Gates Energy Products Inc.,

1050 S. Broadway, P.O.Box 5887,
Denver, CO 80217. Phone (303) 744-4806.

GATES ENERGY

Circle our number on the reader service card for additional input.
Enr mare information Circle No 78



Editor's Choice: New Products

6809-u.P evaluation kit

serves designers, technicians

Filling the need for evaluation
and training material to assist
both design engineers and
technicians, the MEK6809D4
evaluation unit is part of its
manufacturer’s MOKEP (Motor-
ola Kit Expansion Product)
Series and is the firm’s most
powerful low-cost evaluation
unit. It’s the natural expansion
of the company’s familiar
MEK®6800D2 but offers consid-
erably more power and features
than that unit.

Among these features is a
300/1200-baud cassette interface
that permits punch, load and
verification of data with or
without an offset. The unit’s
hardware / software operation
allows a user to stop on an
address; trace software either
one instruction or one line at a
time; modify, fill or search
memory; enter ASCII charac-
ters; and set breakpoints.

Expansions possible

Included on the board are 512
bytes of system RAM (expand-
able to 1k), 1k of user RAM and

either 2k or 4k of ROM. You also
get provisions for an additional
4k of user RAM and six
user-ROM sockets that config-
ure for 1k, 2k, 4k or 8k single- or
triple-supply ROMs and E-
PROMs. Furthermore, the board
provides a fully buffered 70-pin
edge connector that fits into the
MEK68MB5 mother-board mod-
ule for use in expanded systems.

The basic D4 module requires
+5V at 2A, +12V at 25 mA and
—12V at 23 mA. Its system
clock comes from a 3.579-MHz
crystal oscillator; provision for
an external clock is also present.
An optional RS-232-compatible
serial port includes buffered
handshake signals, and the
board’s baud-rate generator
provides values ranging from
110 to 9600.

2-board system

In contrast to the manufactur-
er’s previous evaluation line, the
D4 Series can either stand alone
and function with a terminal via
its optional serial port and
4k-ROM operating system, or be

used in conjunction with the
MEKG68KPD. This latter module
includes a 25-key keypad, eight
T-segment LED displays, an
on-board 5V power supply and
an uncommitted MC6821 periph-
eral interface adapter.

The 68KPD also includes a
wire-wrapping area; the compa-
ny feels that when using the kit
in this configuration, designers
and technicians will want the
flexibility of later employing the
D4 board in actual system
designs. Partitioning the system
in this manner also reduces the

D4’s cost.
The MEK6809D4’s 1-board
design implies expansion

through use of the company’s
other offerings in the MEK
Series, including mother boards
and EPROM-programmer mod-
ules. The basic D4 unit costs
$445, with RS-232 interface $25
additional. The MEK68KPD
costs $250.

Motorola Inc, 3501 Ed
Bluestein Blvd, Austin, TX
78721. Phone (512) 928-6000.

Circle No 454

A low-cost means of providing pP-technology updates, Motorola’s MEK6809D4 evaluation module (a) can function in a stand-alone
mode or in concert with the MEK68KPD display/keyboard/wire-wrapping board (b).

EDN APRIL 20, 1980

87




An edge for versatility

Dale .156” Edgeboard Connectors
give you extra freedom in matching
body materials, mounting
variations, contact plating

and termination styles.

Choose from double or

single readouts, .140" "

or .200"” row spacing, 6 to 25
contact positions. Instant
interchangeability with major
connector manufacturers.

Phone 605-665-9301 or Circle 35

The many faces of Dale.

DALE ELECTRONICS, INC., Box 609, Columbus, Nebraska 68601

When timing is important

Dale Clock Oscillators are ready
from stock in a choice of prices

and profiles (as low as .200").
Functions include complementary
output and enable/disable. All

have 14-pin DIP configura-
tion and TTL compatibility.
Standard frequencies from

250 KHz to 25 MHz. Stability

from .005% to 2.5%. Temperature
compensated styles also available.
Phone 602-967-7875 or Circle 36

Get to know them better.

DALE,

A subsidiary of The Lione! Corporation

IN CANADA: Dale Electronics, Ltd. ® IN EUROPE: Dale Elactronics GmbH, 8031 Puchheim, West Germany




Editor’s Choice: New Products

Programmable function generator
features high intelligence

By incorporating both an
autoprogrammer and nine
storage registers in Model 5900,
this instrument’s designers
have equipped it with capabili-
ties not previously offered in a
GPIB generator.

The autoprogrammer permits
the generator to learn an entire
procedure, which it can repeat
at any specified rate. A 200-step
capacity eliminates the need for
a controller in low-level sys-
tems; it also dramatically
reduces demands on CPU time
in larger systems.

Combined with the instru-
ment’s arithmetic, autoincre-
ment and autodecrement func-
tions, the autoprogrammer
provides precise, linear sweeps
over a 10,000:1 range, log
sweeps over the instrument’s
entire range and nested loops
that can intermix log and linear
sweeps. It also can operate on
frequency, period, pulse width,
duty cycle, amplitude (peak or
rms), dec offset and burst-cycle
count.

The nine storage registers
allow you to keep on hand that
many combinations of generator
parameters for rapid re-
trieval — a timesaver in appli-
cations where many parameters
must be changed for each test or
where operating simplicity is
required for production testing.

Five waveform types

Covering 100 nHz to 5 MHz,
Model 5900 puts out sine,
square, triangle, pulse and
sawtooth waveforms. Modes
include continuous, gated,
triggered, digital lin/log sweep

Put this function generator to work and you'll drastically reduce the manual labor
required for repetitive measurements. Model 5900 provides high intelligence and
extreme versatility in the expression of nonsymmetrical waveforms.

and triggered burst.

The instrument’s 30V p-p
output has 10-mV resolution,
followed by a 20-, 40-, 60-dB
attenuator. Other features
include fixed and/or variable de
offset up to =15V, 1 to 99% duty
cycle, waveform inversion and
zero/peak start levels for gated
and triggered modes.

Nonsymmetrical versatility
The instrument’s intelligence
provides extreme flexibility in
expressing nonsymmetrical
waveforms, permitting you to
achieve any combination of
frequency or period, positive
duration, negative duration and
duty cycle. You can enter
amplitude as either a peak or an
rms value, although peak
amplitude is normally held

constant and the rms value
calculated and displayed based
on the selected waveform.
$3000. Delivery, 90 days ARO.
Krohn-Hite Corp, Avon
Industrial Park, Avon, MA
02322. Phone (617) 580-1660.
Circle No 455

NEXT TIME

In EDN’s May 5 issue, look for a
preview of key sessions and prod-
uct exhibits at NCC ’80. This
year’s National Computer Con-
ference promises to be bigger and
better than ever, and EDN will be
there. Also look for feature articles
on
* The latest serial printers, com-
plete with a handy clip-out chart
* The next step in EDN’s hands-on
uC Design Series exploration of
analog uPs
You can’t afford to miss this issue!

EDN: Everything Designers Need
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1744A STORAGE C
HEWLET




ILLOSCOP

PACKARD

For a100 MHz storage scope
that can capture its bandwidth
and display glitches
this sharply...

HP’s new 1744A is the Answer.

The key to this storage scope’s superior
performance is HP’s advanced CRT
design. It’s called Expansion Storage.
And this faster-writing technique lets
you capture single-shot and low-rep-rate
events over a larger display area with
greater clarity.

Q\\ Q—— FLOODGUN
4
WRITE GUN
10KV
EXPANSION STORAGE CRT

Take a good, hard look. Any input
signal within bandwidth specification
will be displayed cleanly by the 1744A,
even at the maximum writing speed
of 1800 cm/usec when using a viewing
hood. That provides the sharpness you
need for detailed evaluation of hard-
to-catch waveforms. Our Auto Erase/
provides hands-off operation while Auto
Store prepares the scope to snare the
troublemaker the instant it occurs. Both are
powerful tools for capturing the spurious
spikes that disrupt your logic circuitry.
Catch that glitch. Expansion Storage
technology combines a small storage
mesh (about the size of a postage stamp)
and an expansion lens system. This ex-
clusive arrangement permits
a writing speed of
1800 cm/us and
a fine spot size,
which lets the

1744A write faster and further than

any other 100 MHz storage scope. That
gives you full-scan glitch capture capa-
bility over a broad range of sweep
speeds and repetition rates.

A new view. Three channels are
better than two. And with the 1744A
you have pushbutton selection of a
third-channel trigger view. Now you can
view timing relationships between the
trigger signal and the two vertical chan-
nels simultaneously.

Rounding out the 1744A’s capabilities
are these convenient measurement
features: Easy-IC Probes to improve
closely spaced probe connections and
eliminate shorting hazards; a selectable
input impedance (1 megohm/50 ohm)
for general purpose probing or 50 ohm
matching; and measurement sensitivity
as low as 1 mv/div to 30 MHz on both
channels without cascading. Priced at
$5250%*, the 1744A furnishes the state-of-
the-art technology and performance
needed today in digital design and trouble-
shooting applications.

For complete details, or for information
on the 100 MHz HP 1741A, a lower-
cost, high quality scope for applications
where an extremely fast writing speed
isn’t required, write to Hewlett-Packard,
1507 Page Mill Road, Palo Alto, CA 94304.
Or call the HP regional office nearest
you: East (201) 265-5000, West (213)

970-7500, Midwest (312)

255-9800, South (404)
944-1500, Canada (416)
678-9430.

*Domestic U.S.A.
price only.

080/2

[} packaro

For more information, Circle No 79



Microcontroller Military Heroes.

Win your design battles with the single-chip
microcontroller solution: Intel’s M8048 family.

Expand your military hi/rel
applications with our M8048 single-
chip microcontroller strategy. For
control applications in avionics,
guidance and communications, Intel
delivers the solution: the M8048,
M8748 EPROM and the M8035L will
improve the flexibility and reliability
of yoursystem with fewer components
which enables you to meet reduced
space and weight requirements.

Think about it, three totally
self-sufficient 8-bit microcontrollers.
Cost-effective controller components
available now from the company
who pioneered the very first military
single-chip microcontroller. Intel.

Each one a proven performer.
Begin with our M8048.
When you design
Intel’s M8048 into ad-
vanced military systems,
you're making a strategic
move. Like our other two
family members, it’s one
of the highest performing
controllers you can find...
processed and tested to military
standards. And screened to full
Class B requirements of MIL-
STD 883B, Method 5004 and
Method 5005.

For component count reduction
and faster processing, our M8048 is
your solution. This microcontroller
contains an 8-bit CPU, 1IKx8 program
memory, 64x8 RAM data memory
and 27 I/O lines. An 8-bit timer/
counter plus onboard oscillator and
clock circuits. Intel's M8048 gets
you into the 5-volt world with a
single power supply, 6 MHz speed and
—55°C to +125°C operation.

92

Nowhere will you find a mili-
tary microcontroller with all these
features on one chip... plus Intel’s
field-proven technological leadership.

Our M8748
to program yourself.

Need on-chip erasability for
easy prototype development?
Want design flexibility? A shorter
design cycle? Again, Intel delivers
the solution: our M8748 user-
programmable microcontroller.

The 4MHz EPROM version of
our M8048 gives you
immediate

feedback during development and
preproduction. Once your design is
set, you can use the M8048 for
volume production. Or you can stay

with the M8748 for continued
programming flexibility.
The M8035L, third member of

our microcontroller team.
This microcontroller mirrors the

M8048 with RAM power down

For more information, Circle No 80

mode, but there’s a major difference...
No program memory.

With our M8035L, you'll have
the flexibility to match program
requirements with external ROM or
EPROM, such as Intel’s M2716. The
result? A minimum cost system with
maximum component performance.

Development systems for
ease of design.

Since Intel is the largest supplier
of military microprocessors and micro-
controllers, we have the experience
to offer all of the development system
support necessary for you to start
designing today; plus support from our
mil-spec RAMs, EPROMs, bipolar
PROMs and peripheral devices.

Design with our M8048, M8748
and M8035L as part of your strategy.
You'll be the hero with reduced
parts count, shorter design times

and improved overall system
performance.

For more information on
Intel’s complete family of

military microcontroller
devices, and development
support, contact your local
Intel distributor or sales
office. Or write Intel

Corporation Literature

Department, 3065 Bowers
Avenue, Santa Clara, CA
95051, or call (408) 987-8080.

intal delivers

solutions.

Europe: Intel International, Brussels, Belgium.

Japan: Intel Japan, Tokyo. United States and Canadian
distributors: Alliance, Almac/Stroum, Arrow Electronics,
Avnet Electronics, Component Specialties, Hamilton/Avnet,
Hamilton/Electro Sales, Harvey, Industrial Components,
Pioneer, L.A.Varah, Wyle Distribution Group, Zentronics.
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Editor’s Choice: New Products

Self-calibrating RF power meter
easily measures insertion loss/gain

Microprocessor control, stored-
program memory and additional
nonvolatile memory give the
Model 4200 RF power meter
capabilities not previously
available in such instruments.
Basically a 200-kHz to 18-GHz
autoranging unit, it accepts
either its manufacturer’s diode
sensors (41-4 or 41-5 Series) or a
modified General Microwave
thermal sensor. The meter’s
display reads directly in mW,
wW, nW, dBm or dBr (relative
to an arbitrary reference) and
provides a 3%-digit readout of
power values as well as 4-digit
dB readings, each with 0.01-dB
resolution.

Auto offset and calibration

To correct displayed readings,
an automatic panel-operated
zero-correction facility stores all
zero offsets as a function of
range. Additionally, an on-board
1-mW, 50-MHz reference re-
quires only the touch of a panel
button to calibrate the power
sensor and instrument.

Other convenience features
include high- and low-limit
operation and a de-recorder
output. Options offer added
capabilities, such as IEEE-488-
bus compatibility (Option -01)
and rechargeable-battery opera-
tion (Option -02).

As aids to serviceability, the
instrument offers easy access to
all pe boards, plug-in intercon-
necting cables and full active-
device socketing. It also
includes provisions for using
signature analysis as a trouble-
shooting technique.

One does the work of two
Conventional setups for mea-

RF MICROWATTMETER

MODEL 4209

Offering advaced capabilities, Model 4200 RF microwattmete easily handles

insertion-loss and reflection-coefficient tasks.

suring insertion loss (or gain)
call for two separate power
meters, but one Model 4200
equipped with the second-
channel Option -03 handles the
job alone. For this purpose, you
connect one power sensor to a
directional coupler’s output test
port, set test frequency and
level and then read (using
Channel 3) the difference in
decibels between test-port
power and incident power.

Next, replace the power
sensor with the device to be
measured and connect the
sensor to its output. Take
another Channel 3 reading; the
decibel difference between
readings is the device’s gain or
loss.

Measuring reflection coeffi-
cients involves little more
difficulty than checking inser-
tion loss and is readily
performed by an Option -03-
equipped unit. This option also
furnishes 2-channel and differ-
ential power-measurement
capabilities—allowing simulta-
neous use of two power sensors.

The unit’s display can present
values from Channel 1, Channel

2 or their difference, expressed’

in decibels. You can use two 50()
sensors, one 50() and one 75()
sensor or a diode and a thermal
Sensor.

Square-law response

The diode sensors available
from the 4200’s manufacturer
inherently provide true square-
law operation at low levels, and
the instrument responds to the
true average power of cw, AM,
FM and pulsed signals. Above
this square-law-response re-
gion, diode response gradually
tends toward the peak signal
value, but even here, the power
meter is calibrated to display
the true average power of cw or
FM signals.

High-power AM or pulsed
waveforms require attenuators
to buffer the power detector or a
directional coupler to implement
power sampling.

The basic instrument costs
$1800; $265 to $515 each for
sensors; $375 for Option -01;
$495 for Option -02; $400 for
Option -03.

Boonton Electronics Corp,
Rte 287 at Smith Rd, Parsip-
pany, NJ 07054. Phone (201)
887-5110. Circle No 456
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1 JUST WANT TO SAY
ONE WORD TO YOU...
PLASTICS?”




“HITACHICV

INTRODUCING HITACHI CMOS
PLASTIC TECHNOLOGY

Now, more than ever before,
the world depends on electronic
technological advancement to
reduce our energy problems.  |#
And, we've responded. Through ™
Hitachi CMOS technology.

“HI-CMO0S”

A technology so unique, it’s
enabled us to combine the low
power of CMOS and the high speeds of HMO
with cost-effective NMOS densities.

With the low power of Hitachi CMOS we can
now offer high-speed static RAMs in plastic with
densities up to 16K.

CMOS PLASTIC VS.
NMOS POWER LIMITS

Hitachi CMOS plastic technology allows
plastic packaging of high-speed static RAMs to
densities of 64K and beyond, whereas NMOS
reaches the limit at 16K.
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BITS/CHIP (K)
POWER IN HIGH-SPEED STATIC RAMs

This advanced CMOS plastic technology
means you'll need only 200mw to operate our
16K devices compared to the 700mw operating
power required by standard 16K NMOS cerdip
RAMs.

OSPLASTICS!”

MORE REASONS TO CHANGE
TO CMOS PLASTIC

Pin-for-pin compatibility. Comparable

high speeds. Radically lower-power dissipation.
Lower operating temperatures. Reduced need

for high-current power supplies. Prices
competitive with NMOS cerdip RAMs.
The list goes on, but only you can make
the comparison for use in your application.

Part

No. Organization Speed
6147 4K x 1 55/70
6148 1K x 4 55/70
6116 2K x 8 120/150/200
4334 1K x 4 300/450
4315 4K x 1 350/450

The IR100 award winning HM6147 CMOS
memory exemplifies this line of state-of-the-art
products. A unique combination of high-speed
NMOS memory cells and low-power CMOS
peripheral circuits yield fast (55ns) access
times with the low-power dissipation (75mw)
characteristic of CMOS technology.

Compare our plastic packaged HM6147, 4K x 1
CMOS RAM with your present 2147 device.
You'll find ours offers unduplicated power
advantages plus comparable speeds.

Then compare our HM6148, 1K x 4 with any
2148. Our 55ns access time meets that of your
4K high-speed NMOS static, but only Hitachi
adds lower-power characteristics: including
150mw operation and only 5uW during complete
standby.

And, our 16K HM6116, 2K x 8 has an address
access time of 120ns with low-power dissipation
during operation of 200mw, just 20uW during
complete standby.

SAY GOODBYE TO HIGH POWER
DISSIPATION PROBLEMS

Just say “HITACHICMOSPLASTICS” to your
Hitachi representative or distributor for data
sheets, samples and prices. He’ll make delivery,
reduced power dissipation and lower cost a sure

thing. © HITACHI

" Hitachi,Ltd.Tokyo, Japan

Hitachi. The sure thing.
Hitachi America, Ltd. ¢ Electronic Devices, Sales and Service Division
707 W. Algonquin Road ¢ Arlington Heights, IL 60005 ¢ (312) 593-7660 « TLX20-6825

Stocking Distributors: Anthem ® Bell « CAM/RPC e Diplomat ® Future ® Jaco ® Marshall ® Milgray
RC Components ® Resco ® RM Electronics ® Sterling ® Time ® Western Micro Technology
For more information, Circle No 81
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Break out
with our breakthrough

Add a UDS 103 LP modem to your small system design

No AC connection
FCC certified
Fits under the phone
$195 (quantity one)
Add the world’s only line-powered modem to your small
system design. Forget about AC connections and exter-
nal power supplies while accessing the whole dial-up tel-
ephone network.

Thanks to our breakthrough, the added system cost is
only $195.00 (quantity one) for a fully Bell-compatible,

“Confidence in Communications”

Universal Data Systems

originate only, Model 103 modem. It gives your system full
duplex communications capability at any speed up to 300
bps.

Get in touch with the rest of the datacomm world. Ask
for full details from:
Universal Data Systems
5000 Bradford Drive, Huntsville, AL 35805
Telephone 205/837-8100
TWX 810-726-2100
Patent Applied For

mmmmmmmm

For more information, Circle No 82



Edited by Ed Teja

uComputerist Corner

A little hardware single-steps Z80

Jim Grady
Hewlett-Packard Co, Waltham, MA

You can implement single-step capability for a Z80
nC system with the small amount of hardware shown
in Fig 1 and some support software added to the
system’s monitor. The hardware generates an
interrupt during a program’s instruction fetch; the
interrupt-service routine stores the processor sta-
tus, displays it and returns to the system monitor. A
single-step command causes the processor to jump to
a subroutine that sets the processor to Interrupt
Mode 1, restores processor status, enables inter-
rupts, initializes the single-step hardware and
returns the processor to the user program, where
the cycle repeats.

The single-step hardware consists of a 74LS95
parallel-in/parallel-out 4-bit shift register and a
T4LS02 quad 2-input NOR gate. This circuit is

initialized at the end of the single-step subroutine
shown in Fig 2. An OUT instruction loads a ONE
into the shift register’s least significant bit (Qa) and
a ZERO into the remaining bits. Each falling edge of
the Z80’s M, signal shifts the ONE to the right.
When Q¢ is a ONE, the CPU is fetching the opcode
for the program’s next instruction; its output is
inverted to generate an active-LOW interrupt-
request signal. Z80 instructions having 2-byte
opcodes require an additional delay because their
fetch cycles encompass two M, pulses. Q¢ and Qp are
thus gated together to generate an interrupt when
either is a ONE; the interrupt request remains ON
until the Int line is tested at the end of the
instruction.

If an instruction utilizes only a 1-byte opcode, the
prolonged interrupt request doesn’t disturb opera-
tion because the first instruction of the interrupt-
service routine (Fig 3) disables interrupts. The
interrupt request is cleared when shifted out of the

shift register, so disable interrupts during the first
Continued on pg 101
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Fig 1—Using only Interrupt Mode 1 simplifies the hardware needed to generate an interrupt during an instruction fetch.
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GenRad/Futuredata
delivers Intel, Zilog,
Motorola, Rockwell, R

WE SUPPORT MORE CHIPS

When it comes to developing
development systems that
support more microprocessors,
no one can touch us. Our
universal development system
doesn’t box you in with a
single chip or chip family. Our
system sets you free to design
with any or all of the most
popular processors.

In your smart-product race
through the’80’s, switching
development systems will be
the pits. With our system that
won't be necessary.

WE ADD NEW CHIP
SUPPORT FASTER

Thanks to our unique slave
emulation system we can add
new chips to your system in

a matter of weeks. Remember,
we don’'t make the chips - just
the development system. And
we don't have to redesign
our system for each new chip
—we just add another slave
emulator. And, that’s all you
pay for. So, we're faster and
more economical, too.

WE SET THE PACE
FOR EMULATION

Ours is the only system capable
of delivering transparent,
non-stop, full-speed emulation




advanced
development
systems

REGISTER OFFSET
DISPLAY WINDOW

STACK
DISPLAY

| THREE INDEPENDENT
WINDOWS, EXPAND-
ABLE TO FOUR

=N

to 10 MHz. And it's the only
system capable of emulating
many different processors
simultaneously.

Transparent, non-stop, full-
speed emulation takes all the
guesswork out of choosing the
right microprocessor for your
application. It allows you to
evaluate each chip thoroughly,
accurately and objectively.

The ability to emulate several
different chips
simultaneously QO
paves the way OOQ
to develop-
ment of smart
products using
more than one
Processor.

TYPICAL 8086 SNAPSHOT

The 2302 Slave Emulator allows you to view
your program in single-step, snapshot or logic
analyzer modes. This view can be formatted
to match your requirements even for the most
complex memory segmentation, interrupt-
driven or multi-processor environments.

WE KEEP YOU
IN THE FAST LANE

Our system has been designed
to make hardware and soft-
ware development fast,
efficient and productive. With
our high-speed CRT, high-
level language programming
and powerful software, things
happen fast — sometimes
instantaneously. Now available
with highly block structured
PASCAL compilers, our system
can cut your programiming
time by 50% or more.

ENl GenRad

futuredata

2300 Series multi-station networks share disk
and printer with up to eight stations. Each
station is universal and may be ordered with
the software and/or hardware capabilities
required.

WE DELIVER THE MOST
COST-EFFECTIVE
SOLUTION

Lower initial cost, universality
and expandability make our
system a prudent, long-term
investment. Any of our
systems can be upgraded to
network status. By sharing
costly and under-utilized
resources (disks, printers,
emulators, analyzers and even
software) you can stop paying
your designers to stand in line.
Networking can lower your
cost-per-station by 20% or more.

WE'RE HERE TO STAY

There is no finish in the smart-
product race. To stay ahead
you're going to need flexible,
productive, expandable
development systems and a
supplier with staying power
capable of giving you in-depth,
after-sale service and support.
Ask for a demonstration of
the 2300 Series Advanced
Development System. Sales
and service offices in major
cities.

For more information, Circle No 83

GenRad/Futuredata

5730 Buckingham Parkway
Culver City, CA 90230

(213) 641-7200. TWX: 910-328-7202.

GenRad/Futuredata universal development systems —
expanding your world of microprocessor-based design.
“See us at Electro ‘80 in booths 1208-1210-1307-1309."



Under close analysis, our quality
always measures up0 for voltage drop, current cycling, tensile strength,

A lot of terminal manufacturers stake a claim to
quality. But when you examine their terminals closely,
the quality doesn’t always pan out.

With Hollingsworth, you can discover quality
everywhere you look. We begin with the selection
of the best-grade materials. We do testing to
make sure they’re up to spec.

Then, during manufacture, we continually perform
tests on samplings from production runs. We test

For more information, Circle No 84

{7 HOLLINGSWORTH

Atlanta e Boston ® Chicago ® Cleveland e Dallas ® Ft Lauderdale ® Los Angeles = Philadelphia  San Francisco e Seattle ® London » Sao Paulo e Toronto

salt-spray corrosion and vibration resistance. Our
insulated products are further subjected to dielectric
withstand, axial load and heat aging tests.

All this means that if you're not dealing with
Hollingsworth, you're missing out on a golden
opportunity to get quality solderless terminals.

Call your Hollingsworth man today. Or write for
our catalog and free samples of our terminals.
Hollingsworth Solderless Terminal Company, 85
Benjamin Franklin Highway, Pottstown, PA 19464.
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uComputerist Corner

four instructions after power-on to clear any ONEs
that might remain in the shift register.

BRANCH FROM MONITOR

Y

;SET PROCESSOR TO INTERRUPT MODE 1

Y

RESTORE CPU REGISTERS
PLACE USER PC ON STACK

Y

El ;ENABLE INTERRUPTS
OUT (3FH),A ;INITIALIZE SINGLE-STEP HARDWARE
RET ;POP USER PC

Y

EXECUTE USER'S PROGRAM

Fig 2—A single-step subroutine sets the processor to Interrupt
mode, enables interrupts, initializes the associated hardware and
returns the processor to the user program.

DISABLE INTERRUPTS

Y

STORE USER CPU REGISTERS IN RAM
(PC IS ON TOP OF STACK)

Y

DISPLAY REGISTER CONTENTS

Y

RETURN TO MONITOR

Fig 3—An interrupt-service routine stores the processor’s
status, displays it and returns to the system monitor.

As a result of the desire to provide single-step
capability with minimum board space, the hardware
required for this approach was minimized by using
only the Z80’s Interrupt Mode 1 and a simple I/O
address-decoding scheme. If you aren’t especially
concerned about minimizing hardware, you can
employ the more flexible Interrupt Mode 2 and add
hardware to provide the CPU with the interrupt-
service routine’s address. EDN

EDN Software Note #48

Economical FIFO stack needs two RAM bytes

Zvi Herman
Elbit Computers Ltd, Haifa, Israel

The input and output routines shown in Fig 1
implement a FIFO stack that requires only 43 bytes
of ROM and two bytes of RAM, in addition to the
user-programmable stack. With them, a Z80 with a
2-MHz clock achieves a 43-psec input to the FIFO
and a 41.5-psec output time.

The stack design employs two pointers in RAM—
FIN and FOUT. The former points to the next
available stack location, while the latter points to the
location of the next data byte to be read.

Assign the stack space at the beginning of a
256-byte memory block. The routines then treat the
stack as a cyclic memory space—you can visualize
it as a drum. In line with that analogy (Fig 2):

® Initialize FIN and FOUT with the same value,

pointing anywhere inside the stack; the pointer

is denoted relative to the beginning of the
stack. Equality of FIN and FOUT thus implies
that the buffer is empty.

® The first character that arrives goes to the
location pointed to by FIN, and FIN is
incremented. When another byte arrives, the
operation repeats.

e To output from the buffer, the output routine
reads the byte in the location pointed to by
FOUT, then increments FOUT so it points to
the next byte to be read.

e If FIN is incremented more rapidly than
FOUT (which means that writing into the
FIFO occurs at a higher rate than reading out
of it), the buffer becomes full when FOUT
leads FIN (around the “drum”) by only one
location.

The routines use only the pointers’ six least
significant bits; ignoring the seventh and eighth bits
makes them cyclic.

When reading from the FIFO, the output routine

EDN APRIL 20, 1980
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Because ITT is a world leader in capacitor technology, we
can back up a variety of styles and dielectrics with years of
experience and vast technical resources. Whether you re-
quire tantalum, non-PCB type power, metalized film or
silvered mica, you are assured of the finest quality because
all our capacitors are made to stringent ITT standards. For
samples, catalogs, or the name of your nearest supplier,
phone (617) 686-1110. Or write: ITT Components, a unit of
International Telephone and Telegraph Corporation, 1551
Osgood St., North Andover, MA 01845.

Capacitors from ITT Components

Solid tantalum types range from 0.1 to 680 uF with voltages up to 50 Vdc; metalized polyester and polycarbonate film
from 0.1 to 10 uF with voltages to 630 Vdc.

For more information, Circle No 85
EDN APRIL 20, 1980



uComputerist Corner

INPUT Tn FIFO

'
{ =z=s=sssszssS===
1

i

LINPUT INONE

JOUTPUTS: HL= INPUT ADDRESS
tCALLLS: NOMF
INESTROYS:IAHLF

1

H

FIFOIN:

Lo HLs (FIN) $H=(FOUT)sL=(FIN)

LD AL

INC A INCREMENT (FIN)

AND 3FH JRESET KITS 647 TO MAKE
$IT cycLIC

cp H $COMPARE wITH (FOUT)

JeP Z+ERROR SFIFO 1S FULL=JUMP TO
TERROR POUTINE

Lo (FIN) oA ISTORE NFW FIN

Lo HL«FIFO 1GET START OF FIFO =

ADD L $ADD POINTER

Lo LeA $4L=POINTER TO RAVM

RET

SINPUTS:NONE
$0UTPUTS:HL=0UTPUT ADDRFSS
SCALLS:NONF

IDFSTROYS: AsHLF

H

1

FIFOUT:
LD HL s (FIN) FH=(FOUT) o L=(FIN)
LD AvH
ce & 3 COMPARF (FOUT)

INITH (FIN)

JR Z+FIFOUT=% FEMPTY.LOOP
INC A PINCREMENT FOUT
AND 3FH $RESET BITS 67
LD (FOUT) ¢ A ISTORE MEW (FOUT)
LD HL+FIFO IGET START OF FIFO
ADD L
LD LeA
RET

Fig 1—Using only two bytes of RAM, plus the RAM already
assigned to the stack, these routines implement storage that acts
like a cyclic memory space. \

@47&~N %Hm FOUT
FOUT FIN FIN
START—FIFO ONE BYTE IN TWO BYTES IN
EMPTY FIFO FIFO ;
FOUT FOUT = FIN
FIN FIN le— FOUT
ONE BYTE READ, SECOND BYTE READ FIFO FULL

ONE LEFT FIFO EMPTY

Fig 2—Two pointers indicate the next available memory location
(FIN) and the last-used location (FOUT).

checks whether FIN equals FOUT. If so, the FIFO
is empty; otherwise, FOUT is advanced and the
pointer to the RAM constructed. When writing to
the FIFO, the input routine checks whether FIN+1
equals FOUT. If so, the FIFO is full; otherwise,
FIN is used to construct the RAM pointer. EDN

EDN APRIL 20, 1980

THREE NEW
HIGH-TECHNOLOGY

TELECOMMUNICATIONS
RELAYS EXPAND
THE BROAD ITT LINE.

An ITT Innovation.
New BZ Relay.

Extremely low profile.
DPDT and 4PDT.
Flux-free construction.

Magnified 2X)

An ITT Innovation.
New SM Relax.
Hermetically seale
subminiature. DPDT.
High sensitivity.

An ITT Innovation.
The much copied

RZ Relay.
DPDT.

Low profilel
S.e_al-gg VR
option.
SPDT,
latching
version,
and
bifurcated
contacts
are now
available.

gnified 2X)

For samples, our new catalog, and the name of the
nearest representative phone Jim Harrison, Relay
Marketing Manager (617) 686-1110. Or write: ITT
Components, a unit of International Telephone and
Telegraph Corporation, 1551 Osgood St., North
Andover, MA 01845.

Relays from ITT Components

For more information, Circle No 86
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..and they price them
very, very competitively

When you need an induction drive motor you want it
designed exactly as you need it. Without hassles,
without design headaches. That’s the way Howard’s
motor-makers operate. They respond to your needs
with fast action.

Tough and demanding customers such as IBM,
Burroughs, Storage Technology, 3M (as well as scores
of others) have found that Howard’s engineering
flexibility and adaptability makes it easy to get just
exactly the induction drive motors they need.

We’re small enough to react positively to your
development time-tables — big enough and experienced
enough (over 11,300,000 motors in the past 10 years)

to deliver quality motors at a very competitive price.

Check with Howard’s motor-makers for any or all of
your induction drive or motor parts sets needs. You’ll
discover that Howard’s custom engineering approach
makes your projects go smoother, faster — without
paying premium prices.

42 Frame Induction Motor

WRITE TODAY for TWO NEW 48 Frame Induction Motor
INDUCTION MOTOR CATALOGS ;

that provide torque curves,
ratings, dimensional drawings
on the complete line of 26, 33,
42, 48 and 56 Frame induction
drive motors and motor

parts sets.

A,

HOWARD INDUSTRIES « One North Dixie Highway e Milford, lllinois 60953 ¢ Phone: (815) 889-4105

For more information, Circle No 87




FANDUIT MAS-CON

Mass Terminated Connector Assembly
System

Fast, reliable connections with
discrete wire and flat cable at
low installed cost

The MAS-CON system mass-terminates both discrete wire and
notched flat cable without insulation stripping. No need to crimp or
hand load contacts into housings.

Wires snap quickly into unique wire retainers in the connector and are
held securely, prior to termination.

Compact, inexpensive, easy-to-use bench presses terminate both
through-circuit and end-circuit connectors with discrete wire or flat
cable. Interchangeable unit die sets meet all termination and notching
requirements.

The versatile MAS-CON system includes: insulation displacement
connectors (.100" and .156" centerline spacing); matching header
assemblies; harness board accessories; polarizing keys; manual and
pneumatic hand tools; bench presses; and unit die sets.

Immediate shipment from stock.

EDN APRIL 20, 1980



DESIGN FEATURES OF MAS-CON"
CONNECTORS

Snap-on cover (optional)
protects contacts and provides
additional wire strain relief

Numbered
circuit
positions

Contacts matched to
wire gauge for
optimum connections.

EDN APRIL 20, 1980

Strain relief provides
protection from vibration
and mechanical loads

Retainers hold wires
prior to termination

Four
gas-tight
contacts per wire

Dual wipe connection
to header post

Spring action contact
design compensates for
misalignment between
header posts and
connector

For more information, Circle No 88

.100” CENTERLINE
CONNECTORS NOW AVAILABLE

Visit Panduit at Electro ’80
Booth 2054-2058

Ask for free demonstration
and cost analysis.

FREE SAMPLES

The Reliables...Wherever Electricity is Used

ELECTRONIC PRODUCTS GROUPRP

Tinley Park, IL 60477 « Phone: (312) 532-1800
In Canada: Panduit (Canada) Limited




What makes GE
thin edgewise

SO accurate?

A high strength Alnico 8 magnet puts
extra torque into every mechanism. This
makes GE thin edgewise instruments less
susceptible to reading errors caused by
friction or static. They will continue to
meet or exceed all applicable ANSI C39.1
specifications for years.

Available in both vertical and horizontal
models, these compact instruments save
valuable panel space in all three sizes —
1%, 2%, and 3% inches. All are attractively
housed in virtually unbreakable LEXAN®
resin cases. General Electric thin edgewise
instruments are interchangeable with most
competitive models and are easily
modified for special applications.

instrument readings

Alnico 8
powel.

For full information on General Electric’s
complete line of ac and dc thin edgewise
ammeters (from microamps up) and volt-
meters (from millivolts up), write to Section
592-94, General Electric Co., Schenectady,
NY 12345, or call your nearest GE sales
office or distributor.

There’s more
to any GE instrument
than meets the eye.

GENERAL @ ELECTRIC

For more information, Circle No 89




A Question of Law

Edited by Jesse Victor

When a noncompetition agreement
limits an ex-employee’s business activities

Professor H Newcomb Morse
Pepperdine University, Malibu, CA

Can a company’s noncompetition agreement prevent
a former employee from working in the same field for
a different firm?

In the early 1970s, Electronic Data Systems
Corporation (EDS) brought suit in US Distriet Court
for the Northern District of Texas. The suit sought
to compel a former employee, Federick A Kinder Jr,
to comply with an agreement not to engage in
competition with EDS after termination of his
employment with the company. Kinder counter-
claimed for a bonus of $2500, which he asserted was
never paid him, and for additional wages he
maintained he was entitled to.

At the trial of the suit, the evidence disclosed that
since 1962, EDS had performed data-processing
services consisting primarily of formulating comput-
er programming systems and using these systems to
solve the problems of its clients. A successful
data-processing firm maintaining offices in 22 cities
and servicing clients throughout the US, the
company attributed its success, at least in part, to
the formulation and development of computer
programs that it considered superior to those of its
competitors. Specifically, EDS claimed that its
programs were more efficient, resulting in faster and
lower cost services to its clients.

EDS safeguards programming methods

To perpetuate its success, EDS had made
substantial efforts to prevent information concerning
its programming methods from becoming known and
used by its competitors. For example, it retained
ownership of the processing systems rather than
selling them to its customers, maintaining the
documentation of the systems in confidence and
contractually binding the customers for a minimum
of 5 yrs from disclosing information about the
systems. It also added to employment agreements
covenants that prevented employees from engaging
in competition with it. Specifically, the pertinent
covenants stated that for 3 yrs after termination of
employment with EDS, former employees would not
engage in the following conduct:

“{) Recruit, hire, assist others in recruiting or
hiring, discuss employment with or refer to others
concerning employment, any person who is, or
within the then preceding 12 months was, an
employee of EDS or any subsidiary or affiliated
company, or of any present, prospective or former
customer of EDS or any subsidiary or affiliated
company, (ii) compete with EDS or any subsidiary or
affiliated company within 200 mi of any city in the
United States in which EDS or any subsidiary or
affiliated company does business, or (iii) use in
competition with EDS or any subsidiary or affiliated
company or customer prospective customer or
former customer, any of the methods, information or
systems developed by EDS or any subsidiary or
affiliated company or its customers, prospective
customers, or former customers within 200 mi of any
city where such customer, prospective customer or
former customer does business.”

Kinder signs noncompetition agreement

After receiving about 4 yrs of training and
experience in data processing while he served in the
US Marines, Kinder went to work for EDS and
signed an employment agreement containing the
foregoing covenants. While he was employed at
EDS, he became familiar with the processing of
health-care claims and was instrumental in the
development of a new system for processing such
claims. This system, EDS contended, greatly
facilitated the processing of these claims and
additionally constituted a confidential competitive
advantage that the firm maintained over its business
rivals.

After leaving EDS, Kinder went to work for
Systems Research Inc (SRI). In the course of his
employment with SRI, he became involved in
business operations involving health-care claims.
Stationed in Kansas City, MO, he acted as an
intermediary between the Kansas City Blue Shield,
a customer of SRI, and the SRI data-processing
offices in Dallas, TX.

Kinder’s work consisted of solving the daily
problems encountered in processing health-care
claims and in making recommendations for solving
processing problems to the Dallas office. Additional-
ly, he participated in discussions with prospective
customers, explaining the virtues of SRI's data-

EDN APRIL 20, 1980
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CM-600 $6.95*
RW-50 $2.98*

NEW CM-600 SOLDERLESS PROTOTYPE BOARD

CM-600 isa unique system for solderless construction of circuit prototypes, useful to
both engineers and hobbyists. The CM-600 is a neoprene board 43" (114mm) x 6"
(152mrm) with 2280 holes on .100" (2.54mm) centers. Standard components
including DIP’s are mounted by simply inserting leads into the holes in the long life
neoprene material. Interconnections are easily made using 0 or 22 AWG (0,8 or
0,66mm) wire jumpers. Positive contact isassured by the elasticity of thehole, which
compresses the leads together. To remove components or leads, simply pull out. This
facilitates easy circuit changes making it ideal for breadboarding experimental
circuits. CM-600 also features numbered rows and columns for easy reference.
Accessory Kit RW-50 contains 50 pcs of AWG 20(0,8mm) insulated jumper wires of
assorted lengths from 3”(13mm) to 4" (100mm). Both ends are stripped and bent 90°
for easy insertion. In stock directly from

OK Machine & Tool Corporation
3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel.(R12) 994-6600 Telex 125091

*Minimum billings $25.00, add shipping charge $2.00
New York State residents add applicable tax

For more information, Circle No 90
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A Question of Law

processing services in an attempt to attract business.

It was this involvement in SRI’s health-care-
processing business, EDS contended, that constitut-
ed competition with EDS in violation of the
covenants not to compete. Kinder should thus be
enjoined by the Court from so acting, EDS
maintained.

EDS’ contention was partially upheld in 1973 by
the US District Court, which issued an injunction,
but only to the extent of enjoining Kinder from
soliciting the employees of EDS to work for SRI.
While it denied Kinder’s request for the claimed
additional wages, the Court concluded that he was
entitled to the $2500 bonus.

EDS appealed the decision to the Court of Appeals
for the Fifth Circuit. In 1974, that body affirmed the
decree of the District Court, stating: “We believe
that the limited injunctive relief granted by the
District Court is fully adequate for the protection of
plaintiff’s [EDS’] business. There is no evidence that
Kinder ever disclosed to anyone, or used in
competition against his former employer, - any
confidential information obtained in the course of his
employment with EDS. Indeed, SRI does not use
EDS’ highly prized, confidential system for process-
ing its health-care claims, but uses instead a system
called the ‘Model System’ for processing these claims
that is formulated and made available by the
government to any person or firm engaged in this
type of data processing. As EDS attributes so much
of its business success to the confidential nature of its
superior processing systems, its business is ade-
quately protected, because none of this information
has ever been disclosed by Kinder. Expanding the
injunctive relief now is unnecessary for protection of
plaintiff’s business.

“Even though the restrictive covenants proscribed
mere competition apart from the disclosure or use of
any confidential information obtained as a result of
Kinder’s employment, the injunctive relief granted
is adequate. The meaning of the term ‘competition’ in
the context of these restrictive covenants must be
determined in light of the fundamental policy
underlying the imposition of such restrictions. While
Kinder was involved generally in the processing of
health-care claims and had some dealings with
prospective customers, this conduct alone is not a
threat to plaintiff's confidential system for process-
ing health claims. Kinder's employment with SRI
consisted simply of his acting in a general capacity as
a data processor. To restrict him from such
employment is not only unnecessary for the protec-
tion of the business of EDS, but also is an
unwarranted limitation on Kinder’s freedom to work
as a data processor.” EDN
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BW-2630
Battery Tool

BW-2630 $19.85"
BT-30 $ 3.95%
BT-2628 § 7.95*

BW-2630 BATTERY TOOL

The new BW-2630 is a revolutionary battery
powered wire-wrapping tool. The tool operates
on 2 standard “C” size NiCad batteries (not
included) and accepts either of two specially
designed bits. Bit model BT-30 is for wrapping
30 AWG wire onto .025" square pins ; BT-R6:28
wraps 26-28 AWG wire. Both produce the
preferred “modified” wrap.

Designed for the serious amateur, BW-2630
even includes both positive indexing and
anti-overwrapping mechanisms — features
usually found only in industrial tools costing
five times as much. Pistol grip design and
rugged ABS construction assure performance
and durability. In stock at local electronic
retailers or directly from

OXK Machine & Tool Corporation
3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel.(21R) 994-6600 Telex 125091

Mir illings & ).a
New 14

For more information, Circle No 91
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Managing the unmanageable:
57 tons of engineering data--

cataloged, collated,
cross-indexed and
cross-referenced for you.

That’s processed information.

Any number of companies would like to help you with your information processing.

But only Information Handling Services provides you processed infor-
mation . . . engineering data that's already been cataloged, collated, cross-
indexed and cross-referenced for you. So that when you need one important
catalog page, Industry Standard, Mil Spec or Government Spec, you can get it.
Faster than with any comparable system in the world.

In other words, what you get from Information Handling Services isn't hard-
ware that helps process data.

It's processed engineering data, presented in a useful, usable form.

The most comprehensive engineering data base in the world.

We've been gathering and distributing engineering data for over twenty years. In
the industrial area alone, we currently have over 23,000 different manufac-
turers’ catalogs. Plus the most comprehensive collection of Military Specs in the
world. Along with 90% of the world's most important Industry Standards. In
fact, our total data base now incorporates more than 8,000,000 pages of
technical information.

Fast, easy access.

Even more important, we ve organized all this information into a system that
delivers fast access. All you do is identify the product in which you're interested.
Our unique Locator Index then directs you to the catalogs you need, to all
appropriate Industry Codes and Standards, to Government and Military Specifi-
cations, even to International Standards. In minutes.

One thousand people working for you.

Information Handling Services does a better job of providing you with processed
information, because we originated Visual Search Microfilm Files (VSMF).
Today, our engineers spend tens of thousands of manhours each year simply
organizing and cataloging technical data, to make it easier for you to use.

For that matter, we have more than 1100 employees now producing a wide
variety of information services ranging from manufacturers' catalogs to Military
Specifications and Standards, and from an Industry Standards service to
Federal Documents, including the Code of Federal Regulations.

Interested?

Find out for yourself the difference between information processing and pro-
cessed information. We have a complete information package that will give
you more details, and that can help you determine which of our many information
services might best relate to your work. Just write: Dept. 480, 15 Inverness
Way East, Englewood, CO 80150. Or call (toll free) 1-800-821-2280, ext. 302
(in Missouri, call 1-800-892-7655, ext. 302.)

Not information processing,
but processed information.

§‘/, information Handling Services

An Indian Head Company
For more information, Circle No 92



AMP DIPLOMATE 175 Sockets feature:

¢ 8to 40 position sizes
o reliable interconnect in tin or select-gold plate
o large entry target area

L F

“For engineers who want il

e dual wipe contacts

« internal contact anti-overstress stop wall

e closed bottom design

e compatibility with automatic insertion equipment
« immediate delivery via a computer-linked regional

inventory system

For the delivery details or for more information, call the
DIPLOMATE .175" Profile Socket Information Desk at
(717) 780-8400. Or write us. AMP Incorporated,

Harrisburg, PA 17105.

AMP & DIPLOMATE are

of AMP

Large .050"

‘ target entry

Dual wipe
contacts

Closed bottom
Anti overstress design
stop wall




J

he best features-plus choice.”

Open ladder
construction

Stand off
Retaining detent

AMP 160 Sockets feature:

¢ 8 to 44 position sizes

« Jowest economical profile available (.160 ins.)

« anti-wicking, anti-bridging contact design

¢ l[adder housing construction

e tin or select-gold plated contacts

e single row versions for packages with non-
standard spacings

e qualification to MIL-S 83734

For the delivery details or for more information, call
the AMP .160" Profile Socket Information Desk at
(717) 780-8400. Or write us. AMP Incorporated,
Harrisburg, PA 17105.

AMP has a better way.

For more information, Circle No 93




Electro/80

As Boston braces for the first Electro bash of the '80s,
the focus is on gate arrays, n.Cs and their LS| peripherals,
and wP-based instrumentation.

.....

| VSN
Electro/80 session 14.

John Tsantes, Eastern Editor

With the theme “Electronics Leads The Way,” the first
Electro of the ’80s will offer attendees the chance to
examine emerging technology in all areas of electron-
ics. Electro/80’s more than 120 technical and profession-
al presentations, however, will place particular empha-
sis on microcomputers, pP-related LSI devices and
instrumentation.
Highlights among these presentations include:

116

Are single-chip floating-point processors like the Advanced Micro Devices Am9512 the wave of the future in nC systems? Find out in

® A look at the latest developments in gate arrays,
stressing those devices’ advantages over such
alternative approaches as bipolar bit slices and
custom LSI parts

® An examination of the growing trend toward
single-chip floating-point processors

® An overview of the current status of wP-memory
technology, with special emphasis on nonvolatile
devices

® A report on wP-based instrumentation

EDN APRIL 20, 1980




Leading the way
toward tomorrow's electronics

Schedule details for Electro/80

Electro/80 will take place in Bos-
ton on May 13 to 15. All technical
sessions will be held in the
Sheraton Boston Hotel, between
9 AM and 5 PM; exhibits in the
nearby Hynes Auditorium will run
from 9 AM to 6 PM on May 13 and
14 and 9 AM to 5 PM on May 15.

In the interests of greater flexi-
bility, Electro/80 will present three
blocks of professional sessions

GRAND BALLROOM

1 PERSONAL COMPUTERS IN OEM,
SCIENTIFIC AND INDUSTRIAL

TUES MAY 13
9:00 TO 11:00 AM

TUES MAY 13
12:00 TO 2:00 PM

TUES MAY 13
3:00 TO 5:00 PM

11 MEMORIES FOR
MICROPROCESSORS

WED MAY 14
9:00 TO 11:00 AM

15 A TURNING POINT IN
ENGINEERING EDUCATION
(PANEL DISCUSSION)

19 ADVANCED ARCHITECTURES:

WED MAY 14
12:00 TO 2:00 PM |

WED MAY 14

3:00 TO 5:00 PM
SIDERATIONS FOR THE NEW
16-BIT MICROPROCESSORS

THURS MAY 15 23 EVOLUTION OR REVOLUTION T0
9:00 TO 11:00 AM

SYSTEMS?

THURS MAY 15 27 BUT HOwW DOES YOUR MICRO

each day—a departure from the
traditional 2-per-day blocks. Show
officials feel that the new format
will allow registrants to attend a
greater variety of discussions and
avoid potential conflicts.

Daniel Carroll, president of
Gould Inc, will deliver the Electro
keynote address at a noon gather-
ing on Monday, May 12, in the
Sheraton Boston Hotel. He is

expected to discuss opportunities
in the electronics industry, with
reference to Gould’s activities.

For additional information, con-
tact the Electro office at 999 N
Sepulveda Blvd, Suite 410, El
Segundo, CA 90945; phone (213)
772-2965. Electro’s Boston office
is at 1387 Washington St, West
Newton, MA 02165; phone (617)
527-6944.

HARDWARE AND SOFTWARE CON-

NEXT-GENERATION DEVELOPMENT

ELECTRO/80 — PROFESSIONAL PROGRAM SCHEDULE

| CONSTITUTION BALLROOM

| 2INTEGRATED SOLID-STATE

MICROWAVE-AMPLIFIER
DESIGN

5 RECENT DEVELOPMENTS IN
COMMUNICATIONS RECEIVERS

8 CURRENT DEVELOPMENTS AND
APPLICATIONS IN THE RF
| POWEH DEVICE FIELD

==
| 12 APPLYING THE NEW GENERATION |

OF ANALOG COMPUTATIONAL ICs

18 THE FRONTIERS OF HIGH
TEMPERATURE ELECTRONICS

! e .

| 20 A/D- AND D/A- CONVERTER
TECHNOLOGY

2l FIBER OPTIC COMMUNICATIONS
SYSTEMS: CURRENT STATUS

I e
28 FIBER-OPTIC DATA-BUS STATUS

| 31EEE-488: USER

;I REPUBLIC BALLROOM

[ FUNDAMENTALS

I e

| 6IEEE-488 CASE HISTORIES:
PROGRESS AND PROBLEMS

{

9 THE FUTURE OF INTELLIGENT

| MEASUREMENT INSTRUMENTS
AND SYSTEMS

13 STARTING AND OPERATING A
SMALL HIGH-TECHNOLOGY
BUSINESS

17 TECHNIQUES FOFI BRIDGING THE
GAP BETWEEN LINEAR APPLICA-
TIONS AND THE MICROCOMPUTE

21 NEW IDEAS FOR ENGINEERING
| MANAGERS
|
|

o
| 4 STATE-OF-THE-ART DATA-

| APPLICATIONS

R

I INDEPENDENCE BALLROOM

ACQUISITION SYSTEMS

4 =
7 NEW ADVANCES IN FLOPPY-
DISC TECHNOLOGY

10 THE INFLUX OF SOLID-STATE
MEMORY INTO BULK-STORAGE

| 14 HARDWARE ALTERNATIVES FOR |
FLOATING-POINT PROCESSING

i ——

1 18 FLOATING-POINT STANDARDS
FOR MICROS AND MINIS

Il
22 HIGH PERFORMANCE DIGITAL
GATE ARRAYS — STRUCTURE,
DESIGN METHODOLOGY AND
APPLICATIONS

25 NEW BIPOLAR CIRCUITS ENHANCE | 26 ARRAY-PROCESSOR ARCHITECTURE

: HIGH-PERFORMANCE MICROPRO-

GRAMMED BIT-SLICE MACHINE

PROCESSOR DEVELOPMENT SYSTEMI
DEVELOP My SYSTEM

12:00 TO 2:00 PM AND APPLICATIONS

THURS MAY 15
3:00 TO 5:00 PM THE '80s

AND ASSEMBLIES

31 MICROCOMPUTER LANGUAGES FOFI ‘ 32 STATIC PROTECTION OF HIGH-
CIRCUIT-DENSITY COMPONENTS

DESIGN
i~ St oy = - - -
29 TOTAL SOLUTION ON A SINGLE | 30 INTERDEVICE COMMUNICATIONS
CHIP AND BUS ARCHITECTURE

|
T
—+ - = — e
| 34 DIGITAL IN THE TELEPHONE-
SUBSCRIBER-LOOP PLANT

| 33 SINGLE-CHIP MICROCOMPUTERS
AS SYSTEM COMPONENTS

® An analysis of the state of the art in single-chip
pCs.

Gate arrays mature

With both manufacturers and users paying greater
attention to high-performance gate arrays (EDN, April
5, pg 88), session 22 (“High-Performance Digital
Gate Arrays—Structure, Design Methodology and
Applications”) should prove particularly enlightening.
Gate arrays are now mature LSI circuit-design

EDN APRIL 20, 1980

elements that offer architectural flexibility, fast
manufacturing turnaround and high probability of
first-pass design success.

Session 22 will focus on the structure, characteristics
and applications of several digital high-performance
gate-array units. Chaired by Stephen Lau, marketing
manager for custom LSI at Signetics Corp, Sunnyvale,
CA, this session will include papers on gate-array
power/speed tradeoffs, a fast-turnaround system for a
400-gate array and the use of high-performance,
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low-power Schottky arrays.

One of the session’s papers, “F300 Advanced Gate
Array Offering Power/Delay Tradeoffs,” will tout the
advantages of using these devices rather than custom
LSI in highly complex low-volume applications. Accord-
ing to author Tom Goodman, manager of bipolar-LSI-
logic marketing at Fairchild Semiconductor, Mt View,
CA, today’s very fast computing systems call for the
shortest possible logic-state delays and consequently
the fastest possible switching circuits. But increasing
density and reducing gate delays in conventional LSI
components might not by themselves prove adequate to
meet these needs; Goodman feels that reducing the
number of interconnects in a computing system via gate
arrays will also play a part (Fig 1). Fairchild’s F300, for
example, offers the equivalent complexity of approxi-
mately 2000 gates with delays as short as 400 psec.

But why employ gate arrays rather than bipolar bit
slices or dedicated custom-LSI designs? Bit slices
satisfy the LSI requirements of some applications and
might offer significant cost advantages compared with
custom designs or LSI arrays, but they frequently
don’t suit the architectural partitioning requirements of
very fast systems, says Goodman. In many applica-
tions, using standard bit slices might actually produce
slower computing systems than using SSI and MSI
devices.

Dedicated custom-LSI designs, on the other hand,
are tailored to specific system requirements and
provide the ultimate in speed and power efficiency.
However, the time and money required for their
development (as high as $150,000 for each circuit) can

-
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Fig 1—Shorter gate delays imply a need for fewer
computer-system interconnects in order to achieve optimum
performance. As Electro/80 session 22 will show, gate
arrays provide one way of achieving this goal. (Source:
Fairchild Semiconductor Div)
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Fig 2—Gate arrays provide significant development-time
advantages compared with conventional LSI. (Source:
Fairchild Semiconductor Div)
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Fig 3—The relative unit cost of logic-design alternatives
shows gate arrays with an advantage over dedicated LS| at
lower volumes. (Source: Fairchild Semiconductor Div)

be prohibitive, especially when a system requires many
types of LSI in small quantities.

The gate-array approach effectively deals with these
difficulties (Fig 2). And while gate arrays might not be
as efficient as custom parts in terms of chip size and
power, they can prove more economical, considered in
terms of overall IC cost over system life (Figs 3 and 4).

According to Goodman, future gate arrays will
develop in two directions: Some will emphasize speed at
the expense of greater complexity, while others will
emphasize complexity over speed, in each instance
exhibiting subsequent advances in the weaker area.
But Fairchild’s F300, he says, will address both high-

DEDICATED LSI
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Fig 4—The cost of LS| procurement (including start-up) is
lower for gate arrays than for dedicated LS| at lower
volumes. (Source: Fairchild Semiconductor Div)
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“Want high performance in a
field-proven RAM/ROM tester?

Then test drive the new 1980 Macrodata M-1!”

The big industry news in
1978 was the introduction of the
Macrodata M-1 memory device
tester. The big news in 1980 is that
the 1980 version of the Macrodata
M-1 is even better and easier than
ever to use.
Look at these features:
® with operator prompting, it's easy
for anyone to use — product
engineers, production test engi-
neers, maintenance engineers,
technical operators.
full ROM, PROM & EPROM test
capability.
two-years solid field experience
with a broad customer base.
fully automatic software calibra-

EDN APRIL 20, 1980

tion (Auto-Cal) without the need
for special jigs or fixtures.
available with wafer probe
or automatic handler test heads.
system now available with inter-
active shmoo package, 20-MHz
Raster Scan System, extensive
applications software library.
same powerful DEC LSI-11 com-
puter as used in the Macrodata
MD-207/11 memory board tester.
That's why we say, if you
haven't seen the Macrodata M-1
lately, you haven't seen anything in
state-of-the-art memory device
testers. Send for the new M-1 bro-
chure, or arrange to bring in your
favorite ROMs, RAMs, (static or

For more information, Circle No 94

dynamic) 4K, 16K ,or 64K. and test drive
the 1980 M-1 today.

Eaton Corporation, Semiconductor
Test Systems Division, 21135 Erwin
Street, Woodland Hills, CA 91365.
Phone (213) 887-5550. Telex 69-8489.

Canada: (416) 678-1500

France: (01) 907 78 44

Germany: (089) 903 73 73

Italy: (02) 4154 141/2/3

Japan: (03) 499 0551

Scandinavia: (08) 87 94 90

UK & Benelux: (0628) 32 336

Semiconductor
Equipment

E.T




New! Laser-Sealed
Precision Thermostat.
Evaluate One FREE.

The new Series 5200 thermostat fro
AIRPAX has been developed to
handle your exacting surface sensin
requirements...and you don't hav
to wait 12 weeks to get it.

Laser technology is employed in
the critical sealing process, allowin
direct heat application to the area
being sealed while protecting the
sensitive bimetal disc from heat
expansion.

The single pole, hermetically
sealed AIRPAX Series 5200
thermostat is perfect for
applications requiring isolated
contacts. Over an operating
temperature range of 15°F to 500°.
it provides fast, positive response,
excellent repeat reliability, and
good shock and vibration resistance
The Series 5200’s size and reliability
make it highly suitable for use in
business machines, copiers, and
hot glue-melt machines. Its precise
design and conformance to MIL
standards make it ideal for industria
and military applications as well.

Sound too good to be true? Let u:
send you one FREE so you can see
for yourself. Just write to the addres:
below on your company’s letterhead
we’ll provide you with a thermostat
that closes on temperature rise
at 135°F for your evaluation.

For immediate need, Circle no 25
For reference only, Circle no 26

[ NORTH AMERICAN PHILIPS CONTROLS CORP.

Frederick Division
P.O. Box 500
Frederick, MD 21701
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speed and high-density applications simultaneously.

The array incorporates 600 dual-level series-gated
switching structures. Within limits, you will be able to
select the power level of its internal switches, thereby
trading off array propagation delay for dissipation. The
initial three power options offered will be 8W (400
psec), 4W (800 psec) and 2W (1.2 nsec).

High-level gate arrays improve design efficiency

Another session 22 paper will be “Using the MECL
10K Macrocell Array as a Basic Building Block for
Standard Product Development.” According to author
Randy King, systems engineer at Motorola’s IC Div,
Mesa, AZ, the firm’s Macrocell Array (Fig 5) is an
extension of the gate-array concept. However, rather
than gates, each of its cells contains several unconnect-
ed transistors and resistors. Computer-stored specifi-
cations can create interconnection patterns for these
components, transforming the cells into SSI/MSI logic
functions termed macros. These macros take the form
of standard logic elements such as dual D-type flip
flops, dual full adders, quad latches and other
predefined functions. Currently, the Macrocell Array
library consists of 85 different logic functions.

King claims that using Macrocell Arrays as basic
circuit building blocks is extremely easy and efficient
because designers, when producing LSI configura-
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Fig 5—A series of fixed arrays of unconnected transistors
and resistors, Motorola’s Macrocell Array consists of 48
major cells (M), 32 interface cells (I) and 26 output cells (O).
Electro/80 session 22 will cover this alternative to custom-
logic configurations.

tions, need only be concerned with selecting the
appropriate macros from the library, placing them in
particular cell locations and creating the necessary
cell-interconnection pattern. The computer generates
the proper interconnection pattern within each cell.
Compared with the conventional approach to
custom-LSI circuits, the Macrocell Array offers a
tremendous reduction in delivery time, says King. With
a stockpile of fully diffused wafers, turnaround time can

A look at how to deal with job stress
Paper 2 of Electro session 21 will

tensively intertwined. While man-

® Undergo routine physical

deal with a timely topic: “Manag-
ing Personnel Under Stress.”
Author John Moody of Manage-
ment Consultants, Hollis, NH, will
present his ideas as part of
session 21’s theme, “New Ideas
for Engineering Managers.”
Moody will define stress and
discuss its effects on managers in
terms of current theories. He'll
also discuss the various stages
that an individual goes through in
coping with a crisis; understand-
ing these stages provides manag-
ers with information on their
progress (and that of their subor-
dinates) in dealing with problems.
Moody points out that approxi-
mately one-third of people’s work-
ing lives are involved with job-
related activities. And investiga-
tors are realizing that on-the-job
and off-the-job stresses are ex-

agers have little or no control over
the problems they and their co-
workers bring to the job, they can
exert some control by learning to
reduce anxiety in themselves and
others. The result, says Moody,
will be reflected in improved
performance both at and away
from work.

Moody will discuss some cur-
rent stress-reducing techniques
that seem effective both on and off
the job:

® Anticipate stressful events
and attempt to schedule them if
they are unavoidable or avoid
them if possible.

® Monitor the amount of stress
you are under by periodic self-
evaluation, using devices such as
the Social Readjustment Rating
Scale (to be discussed during the
session).

examinations to detect responses
to stress, particularly the silent
killers such as hypertension.

e |nitiate stress-reducing ac-
tivities (whether they be job orient-
ed or not) in a positive direction
rather than toward a specific goal.
Goals tend to be distant and
perhaps unrealistic and should at
best be considered milestones.

® Be realistic—know what you
can and can't do; what you will
and won't do; what people will let
you do and what they won't let you
do.

e Self actualize; attempt to
see yourself as others see you.

® Realize that life crises can
leave physical and mental scars;
learn to live with them rather than
relive them.

® Be patient. The memory for
pain is short.

EDN APRIL 20, 1980
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be 12 wks. He also claims that the Macrocell Array will
vave the way for future developments in high-speed
digital arrays, including Macrocell units with several
thousand gate equivalents and increased performance,
plus smaller low-power-Schottky versions.

Year of the floating-point processor

For many years, hardware floating-point processors
have been an expensive option available only on
high-performance computers. The presentations in
session 14 will indicate that such units are now
becoming available outside their traditional realm.

Organized by Shlomo Waser, product planning
manager at Monolithic Memories Ine, Sunnyvale, CA,
the session will focus on semiconductor firms’ develop-
ment of single-chip floating-point processors. It will
examine the major hardware alternatives for imple-
menting floating-point processing—ranging from a
single-chip approach to a fully parallel method requir-
ing several hundred ICs—plus tradeoffs such as
performance vs chip count and precision vs complexity.

According to session-paper coauthors Stephen Cheng
and Krishna Rallapalli of Advanced Micro Devices Inc,
Sunnyvale, CA, most 8-bit wPs perform poorly in
computation-intensive applications. Why? Because the
wPs’ limited internal-data-path width makes for a slow
computation-execution speed. And if the numbers in the
computation are represented in floating-point notation,
execution speed is slower still.

A typical 32-bit floating-point-arithmetic operation

requires approximately 2 to 5 nsec. But AMD’s Am9512
floating-point processor, to be described by Cheng and
Rallapalli, provides an order-of-magnitude perform-
ance improvement in floating-point computations. And
by improving the throughput of 8-bit systems, such a
1-chip floating-point processor can often eliminate the
need for costly upward redesigns to 16-bit systems.

The Am9512 (Fig 6) is fabricated with n-channel
silicon-gate MOS technology and comes in an industry-
standard 24-pin DIP. It provides single-precision
(32-bit) and double-precision (64-bit) add, subtract,
multiply and divide operations and interfaces with most
of the popular 8-bit processors.

The bottom-line message of session 14? Devices like
the Am9512 offer many significant advantages over
software-based approaches to floating-point computa-
tions (see the article on pg 179 of this issue for a
discussion of one such approach). For instance,
single-chip floating-point processors can provide an
approximately tenfold speed improvement over an
8080A software counterpart. And, because most of the
devices contain the entire floating-point computation
algorithm in microcode, external memory usage
declines by as much as 2k bytes. By eliminating
software, the floating-point chips save money. And
they save hardware as well: A direct hardware
floating-point implementation requires more than 10
times the board real estate of single-chip devices.
Another advantage: lower power consumption.

Memories stress nonvolatility

In the area of microcomputer memory devices,
Electro/80 will continue the coverage initiated at
February’s ISSCC. Session 11 (“Memories for Micro-
processors”), chaired by Michael Bolan, senior applica-
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Fig 6—A single-chip floating-point processor, Advanced Micro Devices’ Am9512 can produce a tenfold speed improvement
compared with its 8080A-uP software counterpart. Electro/80 session 14 will examine current developments in such devices.
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POWER PRODUCTS

NOISE! TEMPERATURE! TRANSIENTS!

"Who makes a
reliable DC/DC Converter
that stands up to all of it?”

CU chassis mount

EDN APRIL 20, 1980

U printed circuit mount

We do. .. because we know
what you're up against!

We know your operational
problems are complex. That’s
why we combined a host of
innovations into our U and
CU series of 25W dc/dc
converters.

A 4:1input range — unique
in the industry — is standard
in this line. So is the special
filter that isolates the input
source from reflected spikes.
Input protective circuitry can
sustain a minimum of 40%
overvoltage, making tran-
sient suppression simple.
Protective circuitry safe-
guards the input source
and the output load. Remote
shutdown conserves power
and offers sequencing capa-
bility, and the self-resetting
shutdown system ensures
continuous operation. That's
reliability!

Great innovations. Great
choices. Both series are avail-
able with single, triple, or
quadruple outputs. The
shielded cases are designed
for mounting convenience
and noise-free operation. And
like all the power supplies we
make, our U and CU lines
require no derating from

For more information, Circle No 95

—25° to +71°C. Converters are
10-piece-priced at $157 for
single output (5V or 12V),
$228 for triple outputs (+5V,
+12V, or +5V, £15V), and
$228 for quadruple outputs
(=5V, £12V).

For process control,
telecommunications, any ap-
plication where reliability and
noise control are vital in a
dc/dc converter, depend on
us for the answer. We are a
Semiconductor Circuits
company. Call on us for prob-
lem solving. Look to us for
innovation. See our product
listings in EEM and Gold
Book and ask for a free wall
chart of our products.

Problem Solving
Through Innovation

=

SEMICONDUCTOR
CIRCUITS

218 River Street
Haverhill, MA 01830
(617) 373-9104

© Semiconductor Circuits, Inc. 1979
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tions engineer at Mostek Corp, Carrollton, TX, will
focus on such memory issues as software, packaging,
performance and nonvolatility.

One of the more vital of these issues is that of
nonvolatility, which will form the subject of the paper
“System Effective 5-Volt-Only Nonvolatile Static
RAM.” In it, coauthors Bud Koch and Wallace Tchon of
Xicor, Sunnyvale, CA, will discuss the company’s
X2201.

Director of planning Tchon points out that tradition-
ally, ROMs and EPROMs have provided nonvolatile
storage. But ROMs must be factory mask programmed,
and EPROMs require unsocketing, expensive quartz
lids and high voltages for reprogramming. Tchon
believes a better solution to microprocessor-system
memory requirements is an electrically erasable device
in which a user can change data without removing the
device from the circuit.

The Xicor X2201 (Fig 7) eliminates the need for high
voltages, quartz lids and unsocketing. The only power
supply this 1kXx1 device requires is 5V; all control
signals are simple TTL levels. The part contains two

independent bit-for-bit overlaid memories: one a
standard static RAM, the other a nonvolatile EE-
PROM. While General Instrument has previously
produced a similar device, it employs MNOS technolo-
gy to achieve nonvolatility; the Xicor part utilizes a
conventional n-channel silicon-gate process.

The heart of the X2201 is a floating-gate nonvolatile
element, which according to Tchon is programmed and
erased by enhanced tunnel current flow between
multiple levels of polysilicon. Charging the floating gate
with electrons turns on the element’s transistor and
accomplishes programming; removing the electrons
turns the transistor off and erases the element. In
operation, the system reads and writes all data into the
device’s standard static RAM; data then goes into the
EEPROM by copying the entire RAM array in parallel
in response to a TTL-level Store signal. Readout from
the nonvolatile memory occurs by first transferring the
data into the RAM by means of a TTL-level Array
Recall signal; once the data is in RAM, it can be read or
modified in the standard manner. Note that a copy of
the original EEPROM data remains unaltered in the
nonvolatile memory.

One aspect of a device like the X2201 is that it’s an
extremely versatile and simple-to-use nonvolatile
memory component. And such nonvolatile RAMs can
replace existing products because they are both static

1k x 1 EEPROM —&

INPUT/QOUTPUT

CONTROL AND ADDRESS

Fig 7—Requiring only one 5V supply, Xicor's X2201 nonvolatile RAM combines two independent bit-for-bit overlaid memories and
employs n-channel floating-silicon-gate technology. Learn more about it at Electro/80 session 11.
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We can give you the power to solve a hot problem.
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eat is a recharge-
ble battery's biggest
nemy. At about

5° C life starts to
horten dramatically.
he new Polytemp™

a NICAD™ nickel-
admium battery
esigned to take the
eat and give long
ife. Satisfactory

fe to 70° C

Polytemp’s long life
in high temperature
applications makes it
an ideal battery for
backup power in
memory circuits,
emergency lighting
and alarms, tele-
phone and telegraph
equipment, electronic
instruments and
process control
equipment.

And Polytemp
batteries have a
unique negative
electrode construc-
tion which means
less voltage
depression during
overcharge than
sintered nickel
matrix types. A
radial compression
seal gives greater
protection to
surrounding circuits

A battery that leads
a hot life doesn't
have to lead a short
life. Now there's
Polytemp from
Gould. The company
that makes more
different types of
batteries than any-
one else in the world.

Available in sizes
“V2AAA" to “F
(0.070 amp. hours
to 7 amp. hours.)
For complete design
spec’s write:
Applications
Engineering Mar.
Gould Inc.

931 Vandalia St.
St. Paul, MN 55114
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RAMs and EEPROMs. Performance is up to snuff as
well: The X2201 has an access time of less than 250 nsec.

The future of pP-based instruments

If you're concerned with “The Future of Intelligent
Measurement Instruments and Systems,” you'll find
Electro’s session 9 of particular interest. This session
will explore how designers are taking advantage of the
pP in instrumentation systems by means of three
approaches: systems based on the IEEE-488 interface
bus, pP-based systems employing A/D modules that
communicate with the system CPU over a microproces-
sor bus, and systems exemplifying a fully integrated
approach.

The session will start with remarks by chairman Dr
Henriecus Koeman, engineering manager at John Fluke
Mfg Co, Everett, WA. Initially, he says, the uP
replaced complex LSI circuits; now, with the advent of
sophisticated software for use in microprocessor
circuits, considerable arithmetic capability and pro-
grammability result from the intelligence of a wP-
controlled instrument.

What limits exist on this added power? They center
on factors relating to ease of control and programmabil-

Everything But...

Acme Electric’s AMS Series AC to DC modular switching
power supplies have everything but the kitchen sink. 39
models to meet all your power needs from 100 watts to
625 watts, output voltages from 2 VDC to 28 VDC, UL recog-
nition, super 0.05% regulation and built-in overvoltage
protection.

And...they are quiet. Internal filtering keeps conducted
EMI within the spec limits of MIL-STD 461A. Keep your logic
or memory chips happy with noise-free AMS power. No flips
instead of flops. No lost bits.

Try an AMS model on your next job. They are all on the shelf
for immediate delivery, and let your logic or memory circuits
tell you how quiet they are.

Circle the reader number or
write to receive the AMS Data
Sheet featuring detailed
electrical and mechanical
specifications.

Acme Electric Gorporation

== Cuba, N.Y. 14727 Phone (716) 968-2400
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For more information, Circle No 97
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ity. For example, Koeman says that the design or
definition of a display and function keys can be
complicated: The objective is to make totally obvious
the operation of an intelligent instrument from its front
panel, but a front panel with a large number of
pushbuttons or an alphanumeric keyboard can have a
negative impact on an instrument’s “friendliness.”

Other highlights of session 9 include a paper by Tom
Rousseau, project engineering manager at Tektronix
Inc, Beaverton, OR, that will highlight the integration
of an oscilloscope-type measurement function with
digital-signal-processing capability. And Martin Lar-
son, engineering section manager at Fluke, will discuss
the integration of signal-processing power and mea-
surement functions in digital voltmeters.

The session will also address the difficulty of
cost-effectively solving some measurement problems
with a single intelligent test instrument. This difficulty
arises, for example, when you must measure several
signals simultaneously and wish to adapt the system to
your needs. Here, a pP-based system and analog
signal-conditioning boards appear to be the best
approach. Jawed Wahid of Data Translation Inc,
Natick, MA, will examine the capabilities, advantages
and flexibility of this kind of solution.

In the related session 3, “IEEE-488: User Funda-
mentals,” Dave Ricei, interface engineer with
Hewlett-Packard Co, Palo Alto, CA, will explore the
use of this interface bus. Session 9 chairman Koeman
points out that both sessions cover related topics;
attend both if you want a complete picture of
future instrumentation.

The single-chip solution

Session 29 should prove useful in providing an
overview on another key electronics area. Entitled
“Total Solution on a Single Chip” and chaired by K S
Padda, systems engineer with Texas Instruments Inc,
Houston, it will focus on single-chip microcomputers.

Only recently, single-chip CPUs were considered a
triumph in the electronics industry, yet they were
rapidly followed by single-chip wCs. Consequently,
1-chip devices can now implement a large number of
controller applications—a possibility that has changed
traditional design economies. Now, the cost of periph-
eral interface circuitry exceeds that of the controller.
Session 29 will examine the trend toward also placing
interfacing circuits on-chip, thus resulting in a true
single-chip total solution. EDN
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Ask yourself some
fitting questions
about test fixturing.

Teradyne L527
Assembly Inspector

ATEC
Series 55-150

Is there a fixturing
system that fits per- &
fectly with my present test set? ~— ¢

Yes. The ATEC Series 33. No matter what test set
you presently use, ATEC Series 33 has test
fixturing that fits. That means it mates
with the GenRad 2270, the Teradyne
L527, the Hewlett-Packard 3060A and,
of course, the ATEC Series 55 test sets.
The ATEC Series 33 fits perfectly with
these and many more.

Will ATEC test fix-
turing really fit into
my production scheme and solve my in-circuit and
functional test problems?
You bet it will. We've fixtured hundreds of
test sets for a variety of products. The
system works, and it works well.

Will the ATEC

B Series 33 fit my

But will it fit different
product sizes?

Yes! The Series 33 Inter-

face Adaptor accepts

a variety of product sizes by
simply changing the test
head. There's no need to
purchase a different

adaptor for different

product sizes.

The Series 33 Inter-
changeable Test Heads

are configured to the
specific test point pattern

of your product. They can
accommodate products

up to 20 x 24 inches with up to
2048 test points.

budget?
Yes! It's cost efficient for both in-
circuit and functional test systems.
Besides, every moment you don’t have
reliable test fixturing costs you money.
It also costs you time and frustration,
something nobody can afford.

HAROLD REDSHAW
Sales Coordinator
ATEC, Pomona

Hewlett-Packard
HP3060A Board Test System

™
ATEC Does the ATEC Series 33 fit all

What if my  GenRad 2270 In-Circunt
my fixturing needs?

Functional Test System

product .

doesn’t fit the standard fixturing? 22%?3;;;:23;53;AT[0N Definitely. The Series 33 has been expertly
Give us a sample product or suitable artwork, engineered for reliability, skillfully assembled
and we'll build fixturing to fit it. No problem, 2887 NORTH TOWNE AVENUE for durability, economically priced for

no trouble, no big expense. We've been POMONA, CALIFORNIA 91767 affordability. For test fixturing that fits any
making custom test fixturing a long time, and 714 621-9511 test system you're thinking about, there’s no
we're good at it. TWX 910-581-3838 question about it. ATEC Series 33.

AN EVERETT/CHARLES COMPANY

U £vEmEry CHARLES, /-
EDN APRIL 20, 1980 For more information, Circle No 98 127
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Fiber-optics kit speeds

Many currently available fiber-optics kits and
data-link modules might get your systems up and
running in short order, but without your learning
anything in the process. This kit, however (the result
of a collaboration between AMP and Motorola),
brings theory and practice together.

The package includes the optical emitters, detec-
tors and connectors, drilled pe boards, ancillary
semiconductors and other parts required to build a
pair of transceiver modules. A 1m-long preterminat-
ed fiber is provided, in addition to the connectors,
tools and materials required for terminating other
fibers. A complete set of device data sheets and
Motorola’s Application Note AN-794 documents the
project.

The note includes the transceiver schematie, parts
list and full-size, reproducible pe-board artwork.
Transmitter/receiver performance and testing are
completely characterized with waveform photo-
graphs and de measurements.

The data link’s only interface requirements are
TTL-compatible rise times and levels. Any data-
encoding scheme, combination of ONEs and ZEROs
and idle-channel condition can be employed, and
either simplex or half- or full-duplex operation is
possible, provided the data rate doesn’t exceed 20M

data at 20M baud

baud. A module can operate over a 100m range
(depending on fiber type) and be configured as an
optical repeater by looping back the receiver data
output to the transmitter data input. $495. Delivery,

8 wks ARO.
AMP Inc, 449 Eisenhower Blvd, Harrisburg, PA
17105. Phone (717) 564-0100. Booth No 2416.
Circle No 423

If your data-entry and display application doesn’t
require the high performance (and can’t justify the
high cost) of a full-featured keyboard/CRT terminal,
you'll be interested in Model TM25.

Measuring just 8.5X4.5%0.6 in., the unit sports a
waterproof front panel, which protects the 8-digit,
7-segment LED alphanumeric display, the seven
special-function keys and indicators and the hexadec-
imal or numeric keyboard. Through software
interfacing with the host computer, the function
keys can start or otherwise control machine tools,
ATE units and similar processes. In addition to
indicating CPU acceptance of keyboard entries, the
keys’ individual LEDs can be CPU programmed to
initiate operator actions.

By employing a standard serial-ASCII 20-mA
RS-232C current loop, the TM25 can operate at
distances of up to 1 mi from a CPU. Its locally

Remote terminal offers flexible operation

et e el b
M bl LI CIET IS

| fololiolof .,

buffered input permits data or message verification
before transmission to the processor at 110 or 300
baud. One DB-25 connector handles the power and
I/0 lines. $249 for hexadecimal- or numeric-keyboard
version.
Burr-Brown, Box 11400, Tucson, AZ 85734.
Phone (602) 747-0711. Booth Nos 2255, 57.
Circle No 426
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Rack mounting
Available with outputs of 12 or 15 volts, to 9 amps. Designed
for mounting in 19" RETMA cabinet racks. Shipped in nine days.

Multiple output DC

[ 552000-3,200 |

$J200D-9J200

: enerl purp

Thousands of dual output y 1.68" thick — fit where others
voltage/current combinations. instrumentation and test equipment, can't. Choice of =12 or =15 volt
Balanced output duals for op amps. these modules can be changed in tracking outputs, 500 ma or 1 amp.
Triples for microprocessors. seconds. Dual and triple outputs, Single output models also
Shipped in three days. matched or dissimilar, are available available. Shipped in three days.
. to 150 volts, to 2 amps. Shipped in
three days.

Write or call for a copy of the new 52-page Acopian
Catalog. It contains complete specifications and
prices on these and a wide variety of single output
power supplies.

~ Miniaturized /'4 C‘Y@;@]/[@‘?]//? Corp.

Select matched or dissimilar outputs to 28 volts, to 500 ma. For
PC-board or chassis mounting. Single output models are also P.O. Box 638, Easton, PA 18042
available to 75 volts, to 2.5 amps. Shipped in three days. Toll free number: (800) 523-9478

For more information, Circle No 99




Choosing a 16-bit MPU is no easy job. We
know. We went through it ourselves back in '78.

We chose the Z8000 because we believed
youd choose the Z8000. Because it’s better.
Here’s why:

“The AmZ8000 has
a better architecture’’

It has 16 registers. All general. All for you. Use
them for data or addresses. Use them to write
more efficient software with less code and faster
execution.

The AmZ8000 has gobs of
address space: 8M bytes of
direct addressing in each of
four possible address spaces.
It has memory management
with sophisticated relocation
and protection features. It
has a rich instruction set that
operates on data types from
quad length words right
down to single bits. You can
even map the I/0 into
memory or keep it separate.

Sven Simonsen, Vice President
and Technical Director,
Advanced Micro Devices

As if all that weren’t enough, the AmZ8000
has a whole series of string-oriented instructions
to move, translate or compare up to 64K bytes
of data in a single instruction.

“The AmZ8000 has
a better future’’

The AmZ8000’s architecture and instructions
fit perfectly with today’s computation, communi-
cations and instrumentation markets. So do the
peripherals. And all the popular existing parts
for the 8080A/8085A, including the Am9511A
and Am9512 floating-point
processors and the Am9517A

“The AmZ8000 is better
for your application.’
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EDN APRIL 20, 1980




DMA circuit, work great with the AmZ8000.

There’s a CPU that’s just right for you. For
imbedded controllers, where 64K of memory is
enough, there’s a compact 40-pin CPU that uses
less memory for programs. For addressing large
memory spaces, there’s a 48-pin CPU that’s
software compatlble

But best of all, were getting ready to introduce
a bunch of new blpolar and MOS peripherals.
There’s an I/O device with a built-in FIFO, a
chained DMA controller, error correction circuits
and an editing CRT controller, just to name a few.

As technology develops, newer and better
software-compatible CPUs with higher through-
put will be coming your way.

“The AmZ8000 has
better support.’

We know you need supporting documentation.
And we've got it. Ask us for our Data Book,
our Processor Interface Manual and our Processor
Instruction Manual.

We know you need software development
tools. And we've got them, too. There’s our macro
assembler with powerful high-level constructs
and a relocatable linking loader,

and a PASCAL compiler. Cross-software
is available, too.

If you need a hardware development system,
our AmSYS8/8 with in-circuit emulator was
designed just for the AmZ8000. So was our
Am96/4016 Evaluation Board. (To learn all
about them, come to one of our field seminars
or take one of the courses offered by our

Education Department.)

And soon, you'll need parts. With the AmZ8000
you've got two major U.S. manufacturers with a
mask-exchange agreement. We have inter-
national partners, also. When you need parts,
we'll be there.

“The AmZ8000 is better
because we're better.”

Advanced Micro Devices didn't become the
nation’s fastest growing IC company by accident.
We did it by design. We only manufacture high-
quality, high-volume parts. And from the day we
opened for business, we've thrown in a freebie
with every order: MIL-STD-883.

If you want your application to be better,
get the MPU that’s better. Get the AmZ8000.
It’s the best 16-bit family for you.

Advanced Micro Devices ¢

Q01 Thompson Place - Sunnyvale, CA 94086 - Telephone (408) 732-2400

Visit AMD at the Paris Salon International des Composants Electroniques,
March 27 thru April 2, Hall 1, Aisle 8, Stand 41.

For more information, Circle No 101
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Thermometer sports tight specs, low cost

Although small enough to fit in your shirt pocket, the
Series 1001 digital thermometer claims big-
instrument performance. Employing NiCr/NiAl
thermocouples, the 2.75x5X 1-in. unit spans a —30 to
+450°C range without the need for range switching
or reference-junction calibration—cold-junction com-
pensation is automatically held to 0.075°C/°C.

Five standard probes are available. The X10, a
general-purpose flexible-lead unit, has an exposed
thermocouple bead, especially suiting it for rapid
liquid or air-temperature measurements up to 350°C.
The X11 through X14 versions (operable to 500°C)
provide various rigid-probe configurations and come
with handles.

Requiring a single AA battery, Model 1001 draws
just 800 pA—permitting up to 500 hrs operation
with an MN1500 alkaline cell—and sports resolution
of 1°C and accuracy of 0.3%=1 digit. An LCD
automatically indicates battery end of life. $189,
including an X10 probe and zine-carbon battery.

Jenway Instruments Inc, 10080 N Wolfe Rd,
Cupertino, CA 95014. Phone (408) 996-1116.
Booth No 1025. Circle No 424

Bubble cassette subs for mag tape

Storing 64k bits in a 0.78x1.77x2.36-in. package
(equivalent to the storage capacity of 65 ft of paper
tape), the FBM31CA can replace paper tape, punch
cards or magnetic tape in many portable-memory
applications. Utilizing serial-loop data organization
and a 100-kHz drive frequency, the cassette features
a transfer rate of 100k bps and 740-msec max access.
The FBMUO001 holder panel mounts in the host
terminal and provides the mechanical and electrical
interface between the cassette and the control-
electronics board. Containing the required coil and
function drivers, sense circuits and LED status
indicators, the holder measures 2x2x4.5 in.
All of the cassette’s TTL-compatible interface
logic, timing circuits and power-supply regulators
mount on the FBC308C1A control card. Data is
normally 8-bit parallel processed, but a DMA mode is
also possible. Measuring 9x6.3 in., the control card
requires +5V (1.5A max), +12V (0.25A max) and
—12V (0.1A max).
FBM31CA, $117.50;

FBMUO001, $212.50;

FBC308C1A, $331.25. Delivery, 8 wks ARO.
Fujitsu America Inc, 910 Sherwood Dr, Lake
Bluff, IL 60044. Phone (312) 295-2610. Booth Nos

3107, 09. Circle No 427

132

EDN APRIL 20, 1980




Generate virtually any wave shape with

'amous B&K-PRECISION cost-effectiveness!

The new B&K-PRECISION Model 3020 sweep/function 3010 low distortion function generator. The 3010 generates
generator is the most versatile signal source ever offered by sine, square, TTL square and triangle waveforms from 0.1Hz
B&K-PRECISION. This one instrument can actually replace a to 1MHz in six ranges. An external VCO input is provided for
function generator, sweep generator, pulse generator and sweep frequency tests. Variable DC offset is also featured for
tone-burst generator. Frequency coverage spans 0.02Hz to engineering applications. Modestly priced, the 3010 is a stand-
2MHz in seven ranges, with each range providing linear out value.
1000:1 frequency control. Like other B&K-PRECISION products, the 3020 and 3010

A low-distortion, high-accuracy signal source, the 3020 has are available for immediate delivery at your local distributor.
the versatility to generate almost any waveform. Examples A ten day free trial is available at many locations.
include sine waves, square waves, TTL square waves, tone- Foradditional information and complete specifications, write:
burst, pulses and ramps. All waveform types can be inverted.
Internal linear and log sweep capability is also featured. Both

modulation and carrier levels can be varied so even a double
sideband suppressed carrier test signal can be generated. ..4’( PRECISION E(IRNAEEF‘IOC\)N

For those applications requiring standard function gen-
erator signals only, B&K-PRECISION also offers the Model 6460 W. Cortland Street - Chicago, IL 60635 - 312/889-9087

In Canada: Atlas Electronics Ontario  International Sales: Empire Exporters, Inc. 270 Newtown Road, Plainview, L.I.. N.Y. 11803

For free demonstration circle no 102
For additional information circle no 103
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Logic analyzer catches 3-nsec glitches

Logic analyzers don’t analyze: Only you can do that,
and then only if your test equipment is versatile and
fast enough to capture the data stream accurately—
as Model PM3500 is. Clocked at 100 MHz, the unit
can capture 3-nsec, 400-mV hardware-generated
glitches.

Memory capacity equals 16 bits widex505 words
deep, and you can display this entire data block.
Alternatively, you can expand the display to show
50- or 20-bit segments for a closer look at the timing.

The instrument can display the state of stored
data in binary, octal or hexadecimal notation; you can
locate (via cursor) and show any 16-bit-wide 16-word
segment of the memory.

Internal triggering occurs upon recognition of a
16-bit word denoted by means of front-panel
switches (an X “don’t care” state is also permitted).
Threshold sensitivity for channels 0 to 7 and 8 to 15
can be independently set to TTL, ECL or a variable
level; 100-MHz recording requires 500 mV p-p.

Measuring 7.9 in. high, 15.2 in. wide and 18.5 in.
deep, the PM3500 weighs 30 lbs and costs $8995,
including its standard probe set.

Philips Test & Measuring Instruments Inc, 85
McKee Dr, Mahwah, NJ 07430. Phone (201)
529-3800. Booth Nos 1010-14, 1109-13.

Circle No 428

Versatile DMM employs nC control

With a single-chip, 3%-digit ADC handling measure-
ment and display-driver operations and a 4-bit pC
performing decision-making and housekeeping
chores, there isn’t much left for you to do when using
Model 2845 except select the desired function and
measure. You can measure ac or dc voltage and
current, resistance and continuity; the continuity
buzzer (when enabled) sounds for a measured
resistance value of less than 180().

Offering features not usually found in its price/
performance/size range, the digital unit furnishes an
Autoranging mode, which operates for any parame-
ter measurement unless range locked by the user.
This capability reduces measurement time because
the instrument doesn’t have to determine the
optimum range setting step by step.

Voltage measurement (ac and dc) spans 1 to 1000V
F'S with a minus sign displayed when appropriate.
Input impedance equals 10 M(), and the input is
protected by a fuse/diode network. DC accuracy
equals +0.1%+1 LSD for all ranges; ac accuracy is
determined by both range and frequency, with the
50- to 500-Hz, 1 to 100V value being +0.5%=*3 LSD.
AC/DC current ranges cover 1 to 1000 mA and have

similar accuracy limits and tolerances.

Measuring less than 7x4x1.5 in. and weighing 1
b, the 2845 has an operating range that spans 0 to
55°C and 0 to 80% relative humidity.

With test leads and spare fuses, Model 2845 costs
$170. Delivery, 6 to 8 wks ARO.

B&K-Precision, 6460 W Cortland St, Chicago, IL
60635. Phone (312) 889-9087. Booth Nos 1207, 09.

Circle No 425
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WHEN YOU'RE HERMETICALLY SEALED,
YOU CAN COUNT ON LONG LIFE.

LIKE OUR MINIATURE METAL-CASE RELAYS.
MILITARY QUALITY AT PLASTIC PRICES.

PLASTIC? OR HERMETIC METAL
CASE. WHICH RELAY IS THE REAL
SURVIVOR?

Sure, some plastic relay manufacturers
claim their non-hermetic sealed products
will survive flow-solder and solvent baths.
We say maybe. And even if they do, will
they really survive in the field?

For our hermetically-sealed all-metal

relays, there’s no question about long life.
Our MM-5 microminiature (TO-5 type re-
lays) are going strong after 10 million op-
erations. Our Flagship® family of half-
size crystal cans, 50 million or more.
That's why we call them the “Survivors”
— they keep performing in applications
where plastic won't last.

Electrical Characteristics/Selector Chart

and vibration of 10g’s to 500 Hz. You can
operate them over a —55 to +85°C tem-
perature range without derating or heat
sinking. Even immerse them again and
again in strong industrial solvents and
flow-solder baths. With leak rates of less
than 10~6cc/s, they can take it. Millions
of cycles later, there's still no corrosion,
no perceptible wear, no contact degreda-
tion. And, unlike solid state devices, no
risk of false operation.

PRODUCTION SAVINGS, RIGHT
DOWN THE LINE.

Use Flagship and MM-5 relays with au-
tomated component insertion equip-
ment to keep high volume assembly

costs down. Save on PC-board space,
too, with TTL-compatible MM-5 relays
that fit on 2" centers, and Flagship re-
lays that are just Y3 the size of

Write on company letterhead for evaluation sample.

Nominal Pick-up Voltage oil Resistance

Voltage Vdc (Max.) (Ohms) *+ 10%
Lo o o PRy WEY Pas LovSes - PAS | PES
Flagship 6 2 i 55 130 25

MILITARY QUALITY AT PLASTIC
RELAY PRICES.

Like our military relays, both Flagship

and MM-5 relays are made to last — not
just strong, but truly leak-free as only
hermetic devices can be. They reliably
withstand punishing atmospheres, de-
manding electrical performance re-
quirements, and as much as 30g shocks

DPDT 12 220 520
Contact Ratings: 24 870 2070
upto5 Amps 36 1960 4550
48 3480 8300

50

100

390

Nojooinus

MM-5 5
DPDT
Contact Ratings: 12.0
10mAto 1 Amps ;g(s)

S o wll
oo

880
1560
(Other tolerances and specifications upon request.)

100
400
900
1600

competitively-priced ‘“equivalent” plas-
tics. Write or call for latest catalog and
pricing and/or request sample on let-
terhead. Relay Division, Hi-G Incorpo-
rated, 580 Spring St., Windsor Locks, CT
06096; (203) 623-2481.

For more information, Circle No 104
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The ST-724 analog-output board provides four D/A
channels with 12-bit resolution and an accuracy to
within 0.056% FSR. Hardware, software and pin
compatible with SBC-80 and Multibus-based pCs,
it’s a direct replacement for the SBC-724. Supplied
with a systems manual and paper-tape-based
diagnostics, the unit is controlled by Intel’s RMX-80
software—facilitating installation and calibration.

A wide range of user-selectable parameters adds
to the unit’s versatility, and a variety of input
formats (0 to 5 and 0 to 10V) and output ranges (£5
and =10V de), including a 4- to 20-mA current
output, is available. Current outputs require a
user-provided external excitation source of 18 to 30V
de.

The digital inputs from the host-computer bus are
converted by four 12-bit hybrid DACs, each having
an input storage register. D/A linearity lies within
+¥%: LLSB, and differential nonlinearity equals =%
LSB max. Zero TC (unipolar ranges) is less than =5
ppm/°C (FSR), and bipolar offset TC is within +10

4-channel DAC settles to 12 bits in 4 psec

F’/ﬂ)" |l\[|[||l|l|||llll| || LR
. ﬁ—~, —

i
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ppm/°C of FSR. DAC settling time to % LSB specs
at 4 psec max, and slew rate is 20V/psec; FSR gain
TC is less than =20 ppm/°C.

Board size stands at 12 in. wide, 6.75 in. deep and
0.5 in. thick—permitting adjacent-board slot instal-
lations. $595. Delivery, 8 wks ARO.

Datel-Intersil Inc, 11 Cabot Blvd, Mansfield, MA
02048. Phone (617) 339-9341. Booth Nos 1723, 25,
27. Circle No 429

Spanning a 10%-octave range, Model XR-1500 RF
sweep generator covers 1 to 1500 MHz without band
breaks. An exception to the old rule of thumb that
wide-band sweepers can’t also exhibit high narrow-
band stability, it employs phase-lock techniques to
achieve its performance: With a sweep width of 2
MHz or less, residual FM equals 1 kHz p-p and drift
is 50 kHz, permitting accurate alignment of narrow
filters and networks.

The XR-1500 incorporates a digitally generated
marker system that alleviates the usual problems
associated with harmonic (birdy) markers: noncon-
stant amplitude over the complete sweep range and
interbeating between different market oscillators.
Marker amplitude, width and tilt are individually
controllable.

Leveled to within =0.25 dB of the desired value,
RF output is controlled by two step attenuators (10
and 1 dB/step) in conjunction with a high-resolution
vernier. An LED display shows center frequency;
active functions are identified by color bars and
enunciators. You can switch select sweep width over
0.2 to 1500 MHz; continuous fine adjustment is

Phase-locked loop stabilizes RF sweeper

provided by a vernier. Sweep rate is controllable
from 0.01 to 100 Hz, and you can also synchronize it
to the line or vary it manually.

Measuring 4 in. high, 12 in. wide and 15 in. deep,
the XR-1500 weighs 18.5 lbs and requires only 50W
from a 120/240V, 50- or 60-Hz source. Priced at
$2850, it comes with the marker package, a 1-kHz
modulator and RF/video-blanking capability. Deliv-
ery, 12 wks ARO.

Texscan Corp, 2446 N Shadeland Ave, Indianap-
olis, IN 46219. Phone (317) 357-8781. Booth No
1825. Circle No 431
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On u single new Burroughs
SELF-SCAN" panel
you can vividly display
graphics
foreign lunguages
large and small characters
upper and lower tase letters
single or multiple lines
blinking lines and characters
or anything else you want.

That's versatility.

The SELF-SCAN "“One-for-All"" gas
plasma display offers maximum display
capability on a single panel. This includes
alphanumerics, symbols, charts, etc., for
word processing, typesetting systems,
signature verification, plotting trends, and
many other applications.

With 17 horizontal rows and 192 vertical
columns of addressable dots (3294 pro-
grammable dots in all), you can display
single or multiple character lines on 5x5,
5x7, 6x12, 7x12, 8x12, etc. dot matrices
(max. 17 vertical dots).

EDN APRIL 20, 1980

You've never seen a display this bright,
crisp, or easy to read. It's rugged and
reliable. Get all this, including drive
electronics, for only $262 per display in
lots of 100. And, you get 90-day delivery.

Nothing . . . but nothing beats this
Burroughs SELF-SCAN panel display. We'll
prove it! Write Burroughs OEM Marketing
Corporation, Burroughs Place, Detroit, Ml
48232, (313) 972-8031. In Europe, High
Street, Rickmansworth Hertfordshire,
England. Telephone 09237-70545.

For general information, Circle no 33
For detailed specifications, Circle no 34

Burroughs
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By employing a 1-piece solid-state thermal print-
head, the Tigraph 100 graphic display achieves
100-dot/in. resolution across its full 4.2-in. recording
width. Case size (5.75 in. widex6.25 in. high)
permits side-by-side mounting of three units in a
19-in. rack panel—providing up to 18 data-recording
channels in a height of only 7 in.

The recorder’s only moving parts are contained in
its chart drive, powered by a print-rate-
synchronized stepping motor. And because the unit
prints all pertinent data, including timing marks and
grids, you needn’t use preprinted sprocketed chart
paper. A print rate of 5 lps max combines with 282
chart speeds (0.3 in./hr to 3 in./min) to provide 164
days of recording on a single chart 94 ft long.

Sporting a 10-MQ impedance, the recorder
provides a standard input range that spans 0.5 to 2V
(1 mV to 100V optional). Full-scale specs include
resolution of 0.25% and accuracy of +0.5%. Zero-
offset adjustment can occur over +100% of input
span, and zero drift equals 0.6 pV/°C max.
Common-mode rejection stands at 120 dB at 60 Hz to
100V dc or ac pk.

Recorder achieves 100-dots/in. resolution

Operating from 117/230V, 50 or 60 Hz, the unit
typically requires 656W. $1995 for the basic 6-channel
model. Delivery, 6 wks ARO.

Texas Instruments Inc, Box 1443, M/S 663,
Houston, TX 77001. Phone (713) 490-2888. Booth
Nos 596, 97. Circle No 430

Interfacing instruments to the industry-standard
IEEE-488 bus is now easier and less expensive: A
Series 2488A coupler allows you to buy and use an
instrument without a built-in interface and later add
the bus capability when you need it.

The unit interfaces several standard TTL-
compatible instruments to the IEEE-488 bus by
translating their bit-parallel or serial codes, signals
or data into the bus’ byte-serial format. In operation,
the coupler provides all the necessary functions to
interconnect an instrument with a bus controller
and/or other instruments and functions as a listener,
talker or both.

Passive cabling interconnects your instruments to
the coupler. You can connect several couplers in
parallel on the bus; the system controller outputs
command their respective instruments and accept
their data. All bus cabling is terminated by the
standard IEEE-488 connector.

By properly cabling two instruments to the
coupler, you can employ it as a talker/listener to

Couplers ease IEEE-488 interfacing

control one and take data from the other. In any
mode of operation, the coupler is a transparent
device, acting as though it resides in the instrument
being addressed.

The standard 2488A’s pP follows programs
contained in a PROM programmed for the manufac-
turer’s and other firms’ general-purpose instru-
ments. $995; interconnect-cable set, $165.

Ballantine Laboratories Inc, Box 97, Boonton, NJ
07005. Phone (201) 335-0900. Booth No 1509.

Circle No 432
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a monolithic
4-bit 30-megasample
A /D converter

(And only $29 in 100s.)

Our new, monolithic, bipolar 4-bit
A/D does its work at a speed of 30
megasamples per second. Since
it's fully parallel, it samples without
the need for any external sample-
and-hold circuit. And it's TTL
compatible.

The chip packs 1,000 com-
ponents, including 15 comparators
and an output buffer register.

It comes in a 16-pin package that's
hardly bigger than a paperclip.
And it draws only 250mW of power.

With specs like these, our new
TDC-1021J is tailor-made for
processors that go into facsimile
systems, industrial video and
ultrasound imaging. And the price
makes the fit perfect: just $29,
in 100s.

EDN APRIL 20, 1980

ACTUAL SIZE

And that includes features like... The TDC-1021J is available now
e + % LSB linearity from stock from Hamilton /Avnet.
e Binary or two’s complement For immediate information call

output (213) 535-1831 or send coupon.
e 30 psec aperture jitter TRW keeps you ahead in digital
e Single convert signal signal processing.
(O
i TRW LSI Products EDN-4

An Electronic Components Division of TRW Inc.

P.0.Box 1125

Redondo Beach, CA 90278

Please send data on the new TDC-1021J 4-bit video speed monolithic A/D converter.

Name

Div/Dept Mail Code

Address

City

State Zip

TRMW s probucTs

...for Digital Signal Processing

]
1
[ ]
[ ]
1
]
1
]
1
1
[}
1
]
[ ]
1
B Company
)
]
[
[ ]
|
1
]
]
]
1
|
[ ]
[ ]
[ 5

For more information, Circle No 105 139
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ANALOG DAS

Although it’s called an intelligent analog peripheral, Model
DT3752 is really a pC-based, stand-alone, single-board analog
data-acquisition system. The standard version provides 16
single-ended or eight differential-input multiplexed analog
channels, a 12-bit ADC, 35-kHz throughput rate, 16k bytes of
dual-port RAM, on-card DMA and serial as well as parallel 1/0.

Sporting a 100-MQ, 100-pF ON input impedance (100MQ,
10-pF OFF), the unit provides 0 to 5V, =5V, 0to 10V and =10V
jumper-selectable input ranges. Programmable-gain-amplifier
gains of 1, 2, 4 and 8 further extend the input-range options,
with gain and offset errors adjustable to zero. ADC linearity
equals =% LSB, and overall analog accuracy stays within
+0.03% FSR. Common-mode voltage specs at +10V max, and
CMRR at 60 Hz is 76 dB min.

Provided with user’s manual, software diagnostic tape and
either differential or single-ended inputs, the DT3752 costs
$1895.

Data Translation, 4 Strathmore Rd, Natick, MA 01760.
Phone (617) 655-5300. Booth Nos 602, 04. Circle No 400

PC-BOARD RELAYS

Sealed against wave soldering and cleaning-solvent damage, RD
Series DIP-sized relays offer a wide selection of coil-voltage and
contact configurations. Insulation resistance specs at 100-M(}
min, and dielectric strength between contact and coil or
opposite-polarity contacts equals 1 kV ac.

Available coil voltages are 3, 5, 6, 12 and 24V dc; requiring
0.5W typ, the relays operate in 6 msec max and release in less
than 4 msec. Contact settling time specs at 5 msec max, and
electrical life expectancy is more than 500,000 cycles at rated
load. Contact arrangements include spdt (3A max), dpdt (2 and
3A), spdt/dpdt (2A) and a 2A-rated, 2-coil 4pdt unit. $6.20
for a dpdt, 3A (Model RD2V-33) unit.

IDEC Systems & Controls Corp, 3050 Tasman Dr, Santa
Clara, CA 95050. Phone (408) 988-7500. Booth Nos 2020, 23.

Circle No 401

SIGNAL ANALYZER

— il "

Featuring a full 70-dB dynamic range and touch-control
front-panel operation, Model SD345 FFT signal analyzer
provides 400-line spectral analysis to 100 kHz. Options include
IEEE-488/RS-232 1/0 interfaces, %- and full-octave acoustic
data analysis and digital spectrum expansion to 100x.

With an input impedance of 100 k(}, vertical sensitivity spans
10 mV to 20V in 11 steps. The unit’s frequency capability ranges
from 1 Hz FS to 100 kHz FS in 16 steps.

Operating over a 5 to 45°C range, the unit requires 350W at
115/220V ac. $12,500. Delivery, 45 to 60 days ARO.

Spectral Dynamics, Box 671, San Diego, CA 92112. Phone
(714) 268-7100. Booth 603. Circle No 402

POWER TRANSFORMERS

Employing toroidal cores, devices in this family of 50/60-Hz
power transformers manufactured by Avel-Lindberg Ltd are
about 50% smaller and lighter than equivalently rated units.
Because there’s no air gap, reluctance losses are low—important
in “instant-on” applications—and electrically induced hum or
noise is eight times lower than that exhibited by stacked,
laminated transformers.

Derived from 50 basic types, units in the 40/30 Series come in
a wide range of primary and secondary voltage and current
combinations. Encapsulated in resin-filled thermoplastic cases,
they’re offered in flexible-lead and pe-board styles; mounting
occurs through 8-32 threaded bushings molded into the case.

All units have dual isolated primary windings, permitting
parallel connection for 115V operation or a series hook-up for
230V applications. Additionally, the transformers have dual
secondary windings, permitting series, parallel or completely
separated outputs. Nominal load ratings extend from 15 through
130 VA, with dual secondaries of 6V (1.25A per winding min) to
40V at 1.62A per winding. 15 VA, $21.96; 130 VA, $35.34.

Connecticut Research Associates Inc, Box 37, Danbury, CT
06810. Phone (203) 744-3020. Booth 2460. Circle No 403
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4,000,000 PICs
Prove Our Point.

The point is, more designers are
choosing General Instrument
PIC microcomputers than ever
before. And they're using them in
an ever-widening range of
applications; including consumer
appliances, energy management
systems, electronic games, security
systems, keyboards, display drives,
TV/radio tuning systems, and
automotive dashboard instrumenta-
tion, to name but a few.

That's why General Instrument
delivered more than four-million
8-bit microcomputers in 1979; more
than twice as many as our

leading competitor.

Big numbers, certainly, but more
than that, our record is a direct
reflection of the success and

EDN APRIL 20, 1980

designer acceptance of General
Instrument’s business philosophy:
Deliver high quality products at
competitive prices, backed by
comprehensive customer service
and support. For example, PIC can
revolutionize the performance and
energy efficiency of universal
motors. As a closed loop controller,
PIC provides soft starting and
current limiting, improves efficiency
under variable loads, protects
against motor-jam, prevents
overheating plus controls speed.
What about cost? Remember the
facts: General Instrument'’s PIC
microcomputers are already
proven cost effective in high
volume applications.

To support our many users, we
offer a complete set of hardware

GENERAL
INSTRUMENT

and software aids, including the
PICAL two-pass assembler
program and PICES In-Circuit
Emulation System. These help
customers in their design,
development, and evaluation of
a particular application. In short,
we deliver more microcomputers,
because our microcomputers
deliver more to our customers.
And that's the real bottom line.

For more information on the PIC
Series, write to: Microelectronics
Division, General Instrument
Corporation, 600 West John Street,
Hicksville, New York 11802, -
Attention: Literature Department, or
call 516-733-3107.

We help you
compete.
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How Nicolet fits
into thisbox t

Fitting more oscillo-
scope into a cubic foot
took one big first step
—the use of modern
digital methods. Plus a
lot of little steps such
as recognizing what’s
‘oscilloscope,” what's not,
and keeping the ‘not”
outside where it belongs.
Here are some of the
great things the digital
method has made
possible.

Resolution and
Accuracy

Scientists and engi-
neers (thousands of them)

are dellghted with the
Explorers’ 4000-line
resolution, and accuracy
literally an order of
magnitude better than
that of analog scopes and
other digital scopes.

Super Storage

Users appreciate the
Explorer’s waveform

storage. At equivalent
writing rates of up to 50
cm/ usec an Explorer can
clearly remember, every
time, without fade or
bloom, literally hundreds
of times as much about
signals as the finest analog

storage scopes. Best of all,
Explorers store wave-
forms with no hassle.

0
HOLD LAST ~ LIVE  HOLD NEXT

64X Zoom Display

Explorer users enjoy
the convenient display
that allows them to zoom
in on details of interest.
They also can super-
impose “old” signals and

live, “fresh” signals

for extremely sensitive
observation of differences
or changes. They can

-yesvemy

43 ooms

superimpose two (or
four) old waveforms, or
two live waveforms. And
zoom in on details with
up to 64X digital display
scale magnification.




nore oscilloscope
ne else.

They're Pure
Oscilloscopes

The digital method
results in other welcome
improvements. Sweep
speeds that range down to
days in length to allow
you to precisely measure
very slow phenomena.
Pre-trigger sweep start

S N =y S
allows you to see what
precedes an event as
well as what follows.
XY operation provides

than servo-driven XY
recorders, but at speeds
a million times greater.
Speeds as high as most
analog XY oscilloscopes.
All of these are
oscilloscope function
improvements. The

improvements include
greater ease of use, for
a dozen reasons. The
Explorers are ‘pure
oscilloscope.” They inter-
face between the signal
source and the most
intelligent and powerful
computer in the world.
You.

Disk Memory
Option

Matching Your
Needs

The optional, built-in
disk memory can remem-
ber signals for years,
storing as much data per
disk as you could capture

on thousands of photos.
Disks are inexpensive
and reusable, don’t need
developing, and store
data at the touch of a
button.

For more information, Circle No 106

You can choose the
Explorer model that
fits your measurement
needs from a family of
instruments, plug-ins and
IEEE-488 or RS-232
options.

For More Details

1o get complete
information quickly,
to discuss your
application or to arrange
a demonstration, call
(608) 271-3333.

NICOLET
o INSTRUMENT
CORPORATION

OSCILLOSCOPE DIVISION
5225 Verona Road
Madison, WI 53711
Telephone: (608) 271-3333
TWX: 910-286-2737

Sales and Service Offices Worldwide

ELECTRO SHOW
BOOTHS 117 & 119
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SIGNAL GENERATOR

Spanning 300 kHz to 650 MHz, the Model 460 synthesized signal
generator combines a —140-dBe/Hz noise-floor figure with
stability and accuracy specs of +1x107%/24 hrs.

Output frequency (displayed on a 9-digit LED readout) is
spin-wheel tuned in steps of 1, 10, 100 and 1000 kHz/step with
100 steps/turn. A vernier control provides continuous fine
adjustment over a 1-kHz range with 1-Hz resolution.

Internal AM frequencies are 400 and 1000 Hz; an external
3-dB bandwidth capability extends from dc to 100 kHz. External
dec-coupled FM rates extend to 150 kHz with maximum peak
deviations of at least 300 kHz below a 100-kHz rate. A maximum
300° pk phase deviation is possible for PM rates to 50 kHz.

Options include a built-in frequency doubler and a GPIB
interface. $13,850. Delivery, 6 wks ARO.

Ailtech Div Cutler-Hammer, 2070 Fifth Ave, Ronkonkoma,
NY 11779. Phone (516) 588-3600. Booth Nos 216-219.

Circle No 404

INSTRUMENT CASES

Offered with blue, black or brown vinyl-clad aluminum top and
bottom covers, FC Series instrument cases are suitable for
mounting small components and large pe boards in standard
19-in. racks. All versions have 1%-in. front-panel heights and
are available with 10- or 12-in. inside depths.

Several selective-ventilation patterns for the top and bottom
covers are standard; customer-specified configurations are

optional. A %se-in. tubular threaded front-to-back brace and-

heavy, serrated, front-panel finger pulls are also available. $37
(50).
Buckeye Stamping Co, 555 Marion Rd, Columbus, OH
43207. Phone (614) 445-8433. Booth Nos 1422, 24.
Circle No 405

PROM-PROGRAMMER MODULE

The UniPak module augments the capabilities of its manufactur-
er’s System 19 PROM and logic-device programmer. You set up
the module by simply entering the appropriate 4-digit code for a
particular PROM via the System 19’s hexadecimal keyboard; the
unit’s software assembles the programming algorithm and

selects the correct 16- through 28-pin PROM socket.

The algorithm permits programming of more than 200 MOS
and bipolar PROMs with typical time savings claimed of
one-third to one-half compared with standard programming
methods. (For example, a 64k EPROM can be programmed in
less than half the time required for a 16k device using standard
methods, according to the manufacturer.) $1800. Delivery, 6
wks ARO.

Data 1/0 Corp, Box 308, Issaquah, WA 98027. Phone (206)
455-3990. Booth Nos 1730, 32. Circle No 407

THERMOELECTRIC COOLER

Sandwiched between a DIP and its heat sink, this small
thermoelectric module can pump as much as 3.5W of heat out of
the DIP.

Measuring 0.3x1.025%0.21 in. overall (active area covers
0.9%0.3 in.), the unit has a maximum heat-pumping capacity of
3.3W. Operating at a nominal 0.7V de, it requires as much as 9A,
depending on the differential DIP-to-ambient temperature. The
module can heat or cool within a maximum temperature
differential of =60°C so long as the maximum operating-
temperature limit of 125°C isn’t exceeded. Model 801-1029-01-
00-00, $4.90 (OEM quantities).

Cambridge Thermionic Corp, 445 Concord Ave, Cam-
bridge, MA 02238. Phone (617) 491-5400. Booth No 2028.

Circle No 408

STEPPER TRANSLATOR

Providing both RS-232 and TTL input/output compatibility, the
TM600 translator can provide up to 0.8 hp to Slo-Syn-type
stepper motors. In addition to wP controllability, this modular
open-frame unit has an on-board oscillator, permitting manual
(off-line) operation at up to 20k half-steps/sec (0.9° increments).
In the full-step mode, the driver’s base speed ranges from 0 to
1k steps/sec; the high-speed range offers 400 to 20k steps/sec.
Designed to control M092 to M172 frame-size motors, the unit
requires 120/240V at 50/60 Hz and 12A max. Maximum overall
dimensions are 15%x13%x10% in., and weight equals 54 lbs
typ. Provided with temperature and supply-voltage monitors,
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“We stock 150 different analog I/0 boards and guarantee
delivery in five days.We're turning this business upside down.’

Fred Molinari, President

By our competitors’ standards, we run a
pretty unorthodox operation.

We stock all the analog I/0 our cus-
tomers need, and we deliver it quickly.

Some of our boards are unique. Many
are technically better than their “equivalents
and less expensive to boot.

In fact, we offer the widest selection
of high accuracy, high resolution DAS boards
in the business.

We stock more Multibus™ compatible
DAS than Intel or National. Even some
advanced models with on-board intelligence.
More LSI-11 and PDP-11 DAS than DEC.
And our prices are lower.

We can deliver dual height boards for
LSI-11 and quad-size boards with features no

one else has. Like DMA,
125KHz throughput to memory,
isolated low level, 64
channel analog input capability and DEC compatlblllty
» What’s more, we have an extensive software library to tie it all
together. A new catalog to make ordering easier. And free diagnostics
and user manuals.
The performance of our PDP-11 Unibus™ analog boards is also un-
equalled, thanks to isolated low-level, DMA 1/0, 64 channel analog
input capability, DEC compatibility, and 8 channel analog outputs.

Whether your application is laboratory or industrial, we offer
you the means to upgrade your system quickly.

Unlike our “competitors, we'll never leave you hanging.

Data Translation, 4 Strathmore Road, Natick,
Massachusetts 01760, (617) 655-5300, Telex: 948474.In
Europe: Data Translation Ltd., Reading, Berkshire/England.
Phone (0734) 669-335; Telex: 847482.

”

We stock the industry’s widest selection of microcomputer analog
I/0 systems for DEC LSI-11 and PDP-11, Intel Multibus, Mostek/
Prolog STD Bus, Zilog, and Computer Automatlon

'DATA TRANSLATION

SALES OFFICES AZ602-994-5400, CA 415-965-9180, 213-681-5631; CO 303-371-2422; FL 305-791-9292, 813-725-2201, GA 404-455-7222; |L 312-960-4054; IN 317-788-4296; MA 617-655-
5300; MD 301-636-1151; M| 313-227-7067; MN 612-441-6190; NC 919-723-8102; NJ 609-428-6060; NM 505-292-1212, 505-523-0601; NY 516-488-2100; OH 513-253-6175; OK 405-528-6071,
OR 503-297-2581; PA 412-327-8979; TX 713-988-9421, 512-451-5174, 214-661-0300, 713-780-2511, 512-828-2251; UT 801-466-6522; WA 206-455-5846; CANADA 416-625-1907.

Multibus is a trademark of Intel Corp  Unibus, PDP-11and LSI-11 are trademarks of Digital Equipment Corp.

For more information, Circle No 107
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the TM600 operates over 0 to 55°C and costs $1250.
Superior Electric Co, Bristol, CT 06010. Phone (203)
582-9561. Booth Nos 2310, 2409-10. Circle No 406

ZIF CONNECTORS

Employing an insulation-displacement contact scheme,
Midas Series zero-insertion-force connectors provide a discon-
nectable interface with pe-board interior surfaces—without the
need for an on-board mating unit. Their 4-slot design provides
eight separate contact points with each lead, eliminating the
need for wire stripping and soldering.

Available with eight through 24 positions, the 100-mil-
centered connectors accommodate 24- and 26-AWG leads,
permitting currents up to 4.5A.

Because these connectors require so little pe-board real
estate, they should find use in such high-density applications as
home computers and alarm systems. Approximately $0.035 per
position.

T&B/Ansley Corp, 817 Morse Ave, Schaumberg, IL 60193.
Phone (312) 893-8013. Booth Nos 1234-36, 1333-35.

Circle No 409

INTERVAL COUNTER

A combination of dual start/stop clock oscillators and a
low-speed-logic vernier-interpolation technique allows Model
797 time-interval counter to achieve 100-psec resolution. Trigger
level, polarity and slope are all independently adjustable for

both the Start (A)-and Stop (B) inputs, permitting three
operational modes:

¢ Tim—Measures the interval between two events; these can

be selected separate trigger levels or (for rise- and fall-time
measurements) the 10%/90% levels of a single pulse

¢ Per—Measures the period (duration) of one input cycle on

A input

* Width—Measures the width of one input pulse on A.

An optional GPIB interface provides control of mode, slope,
polarity and trigger-level functions and outputs the 10-digit
interval data. Other options include a temperature-controlled
crystal oscillator, 10-turn potentiometers for start/stop trigger
level and a 19-in. rack-mounting kit. $5000. Delivery, 16 wks
ARO.

E-H International Inc, 7303 Edgewater Dr, Oakland, CA
94621. Phone (415) 638-5656. Booth Nos 1407-09.

Circle No 410

SLIDE SWITCHES

Featuring 2-piece bodies, Series 124 slide switches can be wave
soldered without contaminating their contacts. Only the lower
base inserts into the pe board and is wave soldered and cleaned;
the units’ top half is then hand-snapped on.

The switches’ hard-gold-and-nickel-over-brass contacts—
rated for 500 mA at 125V ac—have initial resistance of 0.022
and mechanical life expectancy of 50,000 operations. Insulation
resistance equals 100 G2, with an interterminal breakdown
rating of 1 kV/60 Hz.

Standard configurations include spst, spdt, dpst, dpdt and
Form Z. With an overall body size of 0.5x0.3x%0.24 in., the units
operate over —40 to +100°C. SPST, $0.28 (10k).

Chicago Switch Inc, 1714 N Damen Ave, Chicago, IL 60647.
Phone (312) 489-5500. Booth No 2322, Circle No 411

IC TESTER

Utilizing a control-console/device-module architecture, the
LSI-1 integrated-circuit tester can perform full-function para-
metric evaluation of pPs, RAMs, ROMs and peripheral chips.
The NMOS-pP-governed control console outputs up to two
supply voltages, handles system housekeeping tasks, downloads
device-module test programs and evaluates test results. Clock
independent, the console can interface to an automatic IC
handler and an RS-232-compatible data-logging port.
Because each device module contains its own clock, it can
perform device tests up to 50 MHz without burdening the
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/ whoo is the fastest growing trimmer and
potentiometer manufacturer in the industry?

whoo offers a choice of 96 different standard
trimmers. . .both Cermet and wirewound. . .in
packages from a compact 4"’ round or square
to 1va" rectangular?

whoo offers 49 different standard precision
potentiometers with a choice of servo or
bushing mounts in a range of sizes from 2" to
3" in diameter and up to 30 turns?

whoo has more than 30 years of experience in
the industry?

whoo offers the widest range of custom
designed trimmers and potentiometers?

whoo electrically tests every unit 100% before
release for shipment?

whoo simplifies selection through the
easiest-to-use product catalog in the industry?

ot 3N
) RN
N N4 .
ot /g ‘ oo o

w

\tqt’s whoo!

Protect

our wildiife. Write for our catalog today! | } l

000@' 961-20
0

Manufacturers of precision
potentiometers, trimmers
= and dip suntches
’NTERNAT’ONAL P. O. Box 44000, St. Petersburg, FL 33743
Tel: 813-347-2181/TWX: 810-863-0357/TELEX: 523417

For more information, Circle No 108
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control console. A key feature of the test system is its
no-reference-part approach: Device modules contain ROM-
stored stimulation and results patterns, eliminating the need for
known-good devices. $8495 for basic unit; individual device
modules from $1500.

System Sales Inc, 3330 W Dundee Rd, Northbrook, IL
60062. Phone (312) 564-9280. Booth No 1505. Circle No 412

GPIB INTERFACE BOARD

Plugging into any hex-wide SPC slot, the GPIB11-2 interface
provides hardware for decoding GPIB talker, listener and
controller functions and can be used in single- or multicontroller
systems.

A switch-selectable option provides transfer rates of up to
500k bytes/sec (3-state operation) or 250k bytes/sec (open
collector). The high-speed operation is provided by circuitry that
automatically holds the Unibus for 16-byte bursts before
releasing it to higher priority tasks.

Support software includes drivers, utilities and an interactive
control program. The driver program, including the interrupt-
service routines, can be assembled as a FORTRAN-, macro- or
BASIC-callable subroutine package for stand-alone use or as a
handler under RT-11 or RSX-11 operating systems. $1995,
including 4m cable and software.

National Instruments, 8900 Shoal Creek Bivd, Austin, TX
78758. Phone (512) 454-3526. Booth No 1503. Circle No 413

TERMINAL BLOCKS

Regular barrier terminal blocks are generally molded in long,

single-color lengths—requiring users to stock a range of sizes
and figure out a color-coding scheme. Not so with JB6 and JB7
Series units.

Both versions of the click-together blocks are available in
blue, red, green, black and natural, and both carry a 20A rating;
the %-in. version is spec’d at 300V and the %e-in. type at 600V.
Terminal styles include pe pin, solder turret, quick connect
(insulated and uninsulated feedthrough) and surface mount.

Molded of UL 94V-0-rated nylon, the blocks have a 105°C max
operating temperature. $9.40 (100) for a typical unit.

RDI/Reed Devices Inc, 525 Randy Rd, Carol Stream, IL
60187. Phone (312) 682-4100. Booth No 3119. Circle No 414

SETPOINT CONTROLLERS

150 200 25

Featuring a wide selection of ac, dc and temperature ranges, 368
through 370 Series indicating setpoint controllers can provide
either on/off or time-proportioning control. Housed in a standard
Y DIN housing, they provide a 4-in. mirror-backed scale and
offer a choice of vertical or horizontal mounting.

Fifteen standard de current ranges span 0 to 5 pA (5-k() input
resistance) through 0 to 50A. The de-voltage-measuring models
span 0 to 5 mV (680Q2) through 0 to 300V (3 M{2); the two ac units
cover 0 to 5A (0.02Q2) and 0 to 150V at 1 kQV/V.

The single—and optional double—setpoints control a 5A
dpdt relay and are settable over the full-scale range. With a
1-sec-max meter-response time, the units require 5W typ from a
105/130V or 210/260V ac source.

Model 368 (de ranges), $148; Model 369 (ac ranges), $165;
Model 370 (temperature ranges), $176.

Jewell Electrical Instruments Inc, Grenier Field, Manches-
ter, NH 03108. Phone (603) 669-6400. Booth No 2249.

Circle No 415

CLOCK GENERATOR

Containing four synchronized 50-MHz channels, the PI-100A
clock generator is a plug-in instrument that interfaces with
Tektronix TM-500 Series power modules. Its 2V min outputs can
drive TTL and ECL devices over unterminated 50} lines.
Master clock A generates clock periods varying from 20 nsec
to 2 msec; it can be synchronously gated (producing pulse bursts)
or single-pulse-to-pulse triggered at rates to 50 MHz. Channels
B, C and D can each be delayed from 10 nsec to 1 msec with
respect to A and furnish normal or inverted outputs. All
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TYPE 287P STYRACON® GAPACITORS

LOW COS'I'
TIGHT
CAPACITANCE

TOLERANCE

@ Polystyrene film dielectric . . . rugged epoxy coating.

® Capacitance tolerances . .. +=1%, 2%, +3%.

® Extended foil construction avoids reliability and inductance
problems of laid-in-lead imports.

® Short lead times . . . unlike uncertain deliveries of imported
film capacitors.

® Standard capacitance values from 100 pF to .1 uF. Voltage
ratings of 50 and 100 WVDC.
Write for Engineering Bulletin 2052.3 to
Technical Literature Service, Sprague Electric Co.,
491 Marshall St., North Adams, Mass. 01247 e

SPRAGU

THE MARK OF RELI

a subsidiary of GK Technologies

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

For more information, Circle No 109

SERIES JX3400 FILTERS

. U.L. Recognized

POWER LINE
EMI

@ Reduce noise emanating from or interfering with equipment.

@ Furnished in 4 different circuit configurations suppressing
both common mode (line-to-ground) and differential mode
(line-to-line) interference.

@ Ideal for filtering external transients in 150 KHz—30 MHz
range in equipment containing low-level logic circuitry.

Write for Engineering Bulletin 8212 to
Technical Literature Service, Sprague Electric Co.,
491 Marshall St., North Adams, Mass. 01247.

4SF-7152R1

SPRAGUE

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

a subsidiary of GIK m

For more information, Circle No 110

TYPE 1930 DOMINO® CAPACITORS

(2x actual size)

HIGH uF,
LOW PROFILE

Solid-tantalum capacitors with two standard terminal con-
figurations . . . leadless with flush solderable pads, or
extended-tabs.

Fully-molded construction eliminates possibility of me-
chanical damage during handling and mounting.

Excellent stability . . . undesirable parametric changes and
catastrophic failures due to mechanical degradation are
minimized.

® Capacitance values from .082 to 100 wF, voltage ratings
from 3 to 35 WVDC

For —55° C to 485° C operation . .
voltage derating.
Write for Engineering Bulletin 3532A to

Technical Literature Service, Sprague Electric Co.
491 Marshall St., North Adams Mass. 01247.

. to 4125° C with

i

a subsidiary of @K W

THE BROAD-LINE PRODUCER
OF ELECTRONIC PARTS

For more information, Circle No 111
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TYPE 834P METFILM® ‘'S’ CAPACITORS

THE ‘ZERO TC
CAPACITOR

@ Metallized polysulfone-film section in rectangular molded
plastic case offers superior electrical characteristics, small
size, rugged construction.

@ Capacitance change is typically +0.25% over broad tem-
perature range of —40°C to +-125°C.

® Low dissipation factor (high Q), low dielectric absorption.
® Capacitance tolerances as close as +1%.
Write for Engineering Bulletin 2610 to

Technical Literature Service, Sprague Electric Co.,
491 Marshall St., North Adams, Mass. 01247.

4SD-8123R1

ﬂdﬂam electronics s p R n G UE
division it o e o
SPRAGUE ELECTRIC COMPANY  a subsidiary of QK Technologies

For more information, Circle No 112
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Heinemann has it. NOW

A resettable pushbutton
circuit protector-

i+ small size,

small price.

We call it the Re-Cirk-It® protector. You'll
call it the perfect replacement for those
old-fashioned cylindrical fuses and
fuseholders.
The Re-Cirk-It protector looks like a con-
ventional 3%” fuseholder. In fact, it installs
in the same panel space. But that’s where
the resemblance ends. Your customer will
never have to worry about blown fuses
with the Re-Cirk-It protector. Or nui-
sance tripping caused by normal starting
surges. A white band signals when it’s
tripped, with reset as easy as pushing a
button. No bothersome fuses to replace.
No unnecessary and expensive service calls.
Of course, the Re-Cirk-It protector is UL-
recognized and CSA-approved. Current ratings
from 0.25 through 15A at up to 250Vac and 32Vdc
are available at your Heinemann distributor’s.
Don't re-fuse. Re-Cirk-It! Request Bulletin KD-4001
or call our toll-free number: 1-800-257-9590.

The only independent manufacturer of fully-magnetic circuit breaker.

We serve you better.

HEINEMANN

TRENTON, NJ 08650

© Heinemann Heinemann worldwide: Factories in U.S.A., Canada, Europe, South Africa, and Australia.
For more information, Circle No 259




A lowcost storage scope
with autotrigger...another
better product from Kikusui.

We call it the 5516ST. Rugged and
portable, this dual-trace 10MHz
scope will do everything that Tek’s
T912A will do...and a lot more. It
offers a combination of features that
are unequalled by any other instru-
ment in its price range. Features
such as an enhance capability that
lets you vary the writing speed from
20 to 40 usecs/cm; a hold button
that freezes the waveform on the
CRT for up to one hour; and a
patented autoerase that lets you set
any predetermined hold time from
one to thirty seconds. After the
preset time the waveform is auto-
matically erased and the sweep
circuit is reset. The 5516ST also has
an ADD mode, an X-Y mode and
four trigger modes.

Erase Interval
Control:
1 to 30 secs

Writing Speed Control:
2010 40 ;s/cm

MODEL 5516ST

ENHANCE LEVEL

But there’s a lot more to this
KIK-scope than performance and
specifications. For one thing, your
KIK-scope is completely modular.
All components are on plug-in
boards. In the event of trouble, just
send us the faulty board and we’ll
send you a replacement by return
mail. This swap-out program
assures fast maintenance turn-
around and minimum down-time.
Then there’s our 2-year warranty
(CRT I-year). That's twice as long as
the warranty from most manufac-
turers and a reflection of the
confidence we have in the quality
components and workmanship that
go into all KIK-scopes.

And, just to give you a little added
assurance, your KIK-scope comes
with a 30-day “satisfaction-or-your-
money-back” insurance policy. We

5X Horizontal
Magnification

e —r— —— -

STORAGE OSCILLOSCOPE

HFRE) & OC

wouldn’t make an offer like this if we
weren’t sure we had a better scope.
In addition to the Model 5516ST,
there are nine other KIK-scopes in
the line from 10MHz to 50MHz.
They’re described in our new cata-
logs along with our lab power
supplies and other instruments.

Kikusui International Corporation
17121 South Central Ave., Suite < 2M
Carson, California 90746

(213) 638-6107« TWX:910-346-7648

& Kikusui

" INTERNATIONAL CORP.
A subsidiary of
KIKUSUI ELECTRONICS CORP, JAPAN

For more information, Circle No 113

Sweep Time:
0.5 us/div to
Is/div in 20 Steps

4 Trigger Modes:
Complete Auto (p-p),
Auto, Norm, Single
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CH1 CH2  EXT
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channels provide pulse widths variable from 10 nsec to 1 msec.
Driving a terminated 50( line, the 2V-min output pulses
exhibit rise and fall times of less than 7 nsec. $790.
Pulse Instruments Co, 1536 W 25th St, San Pedro, CA
90732. Phone (213) 541-3204. Booth Nos 1505, 07.
Circle No 417

OPEN-FRAME SWITCHERS

Designated the 250 T&Q Series, these open-frame multioutput
switching power supplies achieve up to 80% efficiency at a rated
250W output. Available in four models, they provide various
output combinations of 5, 12 and 15V dc at up to 25A.

The two triple-output units provide 5, 12 and 12V dc outputs
at 25, 4 and 4A and 5, 15 and 15V at 25, 4 and 4A. Quad-output
units deliver 5, 5, 12 and 12V at 25, 1, 4 and 4A and 5, 5, 15 and
15V at 25, 1, 4 and 4A.

Triple-output units (250T), $310; quad-output versions (250Q),
$335.

Standard Power Inc, 1400 S Village Way, Santa Ana, CA
92705. Phone (714) 558-8512. Booth No 2437. Circle No 418

POSITION SENSORS

Available in linear and rotary versions, Series 33 position
sensors employ two ferrite tubes wound as inductors and
connected in series. Attached to each unit’s input shaft, a
permanent magnet linearly varies the core’s differential
inductance in direct relation to shaft position. When excited with
an ac signal, the sensors output an ac voltage linear and
proportional to position.

Driven with a 3 to 7V, 50- to 250-kHz sine or square wave, the
linear sensor produces an output that varies over an approxi-
mately 6:1 range for a %-in. shaft travel; a 2.5:1 output variation
is generated by the rotary unit for a 50° shaft rotation.

Operating over —40 to +150°C, both sensor types have 25°C
linearity of +2%. $15 to $20 (1k), depending on type and specs.

Licon, 6615 W Irving Park Rd, Chicago, IL 60634. Phone
(312) 282-4040. Booth Nos 2021-23. Circle No 416

INTELLIGENT DMM

The 5%-digit Model 8860A features two pwPs, which control its
front-panel-selectable functions and permit operation with two
mutually exclusive options—IEEE-488 interface and calculator
control.

As a stand-alone DMM, the mainframe measures de volts (to

Continued on pg 156
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Versatile analog level detectors.
From Texas Instruments.

Our line of monolithic analog level de-
tectors is designed to meet all your
cost/performance goals.

Each is unique. Because it combines
a large number of components on a sin-
gle chip— and sells for a fraction of the
individual component cost.

Design flexibility

Now designers have more flexibility for
a wider variety of applications.

Applications such as warning signal
indicators, analog-to-digital converters,
feedback regulators, industrial con-
trols, audio level indicators — even
light intensity and frequency detection.

Two degrees of resolution
TI analog level detectors are available
as five and ten step detectors in both

linear and logarithmic scale formats.
For applications requiring greater reso-
lution than 10 levels, the 10-step linear
detectors can be cascaded to detect up
to 80 levels.

Both open-collector and open-emitter
output options are offered to yield an
extremely versatile family of products
capable of being custom-tailored to
specific applications, using significantly
less power than discrete versions.

Analog level detectors from Texas
Instruments. A simple, cost-effective
solution to all your level-sensing
applications. Send for brochure CL-
410A for complete details.

For more information
call your nearest author- of
ized TI distributor, or lnnovagon
write Texas Instruments
Incorporated, P.O. Box H
225012, M/S 308, Dallas,

Texas 75265.

Fifty Years

TEXAS INSTRUMENTS

(© 1980 Texas Instruments Incorporated

INCORPORATED
For more information, Circle No 114

82145A
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How STC speeds
production testing

by a factor
of five to one...

Storage Technology Corporation’s revolutionary
8650 Winchester disc subsystem for big, main-
frame computers utilizes double-density re-
cording to pack twice the normal amount of data
in the same space as a conventional, single-
density disc.

Ciritical to the success of this technology are
complex, high-speed, analog read/write and
servo boards. In fact, STC’s read/write board
contains more than 350 separate active and
passive components.

When conventional methods were used,
it took approximately 15 minutes to test each
board. As this testing time became more and
more unacceptable, the decision was made by
STC to switch to automatic testing.

Paul Zieschang, Manager of Hardware De-
velopment, recommended that the company
assemble its own system using 12 HP-IB com-
patible insruments, an HP 9835A Desktop
Computer as system controller and a 9885 Disc.
Zieschang reports that the 9835A was chosen
because its large CRT display made it easy for
an operator to interface with the system, and
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because of its programming ease. What's more, STC incorpo-
rated diagnostics into the system which help STC technicians
better understand the testing procedure. This software even
helps technicians locate — via a flashing cursor and a graphic
display of the board’s topology — the position of any component
on the board. Finally, the 9835A also delivers a print-out of
the component’s value and STC part number.

Documentation simplifies system configuration.

According to Zieschang, some of the many application
notes supplied by Hewlett-Packard were helpful both in de-
ciding the first configuration and speeding assembly of STC’s
first HP-IB system.

Flexibility that reduces the chance for obsolescence
and speeds assembly.

Twelve HP-IB compatible instruments were chosen for this
system, according to Zieschang, because HP’s bus archi-
tecture and programming ease permit the flexiblity necessary
to make changes within the system as STC'’s requirements
change and, thus substantially reduce the possibility of
system obsolescence.

HP instruments also provide STC with speed of assembly.
The company assembled and programmed its first automatic

EDN APRIL 20, 1980



test system faster than other comparable ways of solving its
system test needs. Zieschang believes they will be able to
assemble and program future systems even faster.

The bottom line.

Just as important, Zieschang says the STC HP-IB compatible
system will reduce testing time from 15 minutes per board
to approximately three minutes. A factor of five to one. The
system is also expected to reduce the time required to debug
faulty boards from 45 to 20 minutes. In short, STC’s HP-IB
system will help the company turn out more boards per

day.

Why not consider the HP-IB solution | mkimzsen s
for your production test needs? For
complete details, send for our brochure, & ¢ b

“Do your own system design in
weeks, instead of months.” Simply
write to Hewlett-Packard, 1507 Page
Mill Road, Palo Alto, CA 94304. Or
call the HP regional office nearest you:
East (201) 265-5000, West (213)
970-7500, Midwest (312) 255-9800,
South (404) 955-1500, Canada (416)
678-9430.

using HP-IB
“designed
for systems”

instruments
and computers.

%

SYSTEMS
HP-IB: Not just a
standard, but a
decade of experience.

[/9'0 HEWLETT

PACKARD

089/13

For more information, Circle No 115
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0.01% accuracy for 1-yr calibration), true-rms ac volts (ac or de
coupled) and resistance by means of 2-terminal or 4-terminal
methods. Front-panel functions include manual or autoranging
selection, pushbutton de and ohms zero, Offset (subtracts a
constant from a measured value, Limit (indicates whether a
measured value falls outside a specified range) and Peak-to-Peak
(stores highest and lowest readings).

The IEEE-488 interface permits three reading rates from 2.5
(5% digits) to 45 (3% digits) readings/sec and features a Learn
mode. The calculating-controller option allows 100-step
reverse-Polish-notation keystroke programming via an external
keyboard. This option makes measurement data available for
use in programs containing algebraic, trigonometric, logarith-
mic, irdirect-addressing, comparison and branching functions.
Mainframe, $1395; IEEE interface, $295; calculator control,
$550. Delivery, 6 wks ARO.

John Fluke Mfg Co Inc, Box 43210, Mountlake Terrace, WA
98043. Phone (206) 774-2322. Booth Nos 200-208, 300-309.

Circle No 422

PULSE GENERATOR

Exhibiting maximum rise and fall times of 7 nsec for a 20V
output pulse, Model 2021 pulse generator is ideal for ATE
applications. Its self-contained GPIB interface, in conjunction
with a built-in memory, controls all pertinent test parameters.
PRF, delay, width, rise and fall times, amplitude, mode and
offset can all be specified, stored and recalled for up to 10
separate tests. Even with the power off, a rechargeable battery
keeps the memory alive for about 4 wks.

You can position the 0.1 to 20V output pulse within a —20 to
+20V window. PRF extends from 10 Hz to 50 MHz, with a delay
range of 10 nsec to 10 msec. You can also vary pulse width over a
10-nsec to 10-msec span, and an option permits rise and fall times
between 5 nsec and 50 msec. $5195. Delivery, 60 days ARO.

Interstate Electronics Corp, 1001 E Ball Rd, Anaheim, CA
92803. Phone (714) 635-7210. Booth Nos 1408-10.

Circle No 419

CABLE-SOCKET SYSTEM

High-speed data interconnects usually employ twisted-pair lines
to ensure signal shielding—a technique that allows a 40-pin
connector to handle only 20 signals. The Model SGF socket,
however, employs an integral busing system that groups and
mass-terminates the common cable-ground wires, enabling a
40-pin socket to carry 38 shielded signal lines and two grounds.
Additionally, you can split the integral bus at any location,
permitting allocation of any grouped set of I/0 pins to a specific
ground-voltage level—a feature that eases pe-board layout.

A companion pe-board mounting header completes the

system. Featuring full 4-sided shrouding and a high-strength
housing, this Type SGH unit comes with vertical or right-angle
pinouts and an integral grounding option.

Electrical specifications for the SFG/SGH system include
maximum contact resistance of 0.01€) at the 1A dec max
continuous rating. Operating temperature spans —55 to +105°C.

Model SGF terminated 2-ft cables from less than $25; SGH
header, $2.50 (1k). Delivery, 6 wks ARO.

Augat Inc, 33 Perry Ave, Attleboro, MA 02703. Phone (617)
222-2202. Booth Nos 1117-23. Circle No 421

DIGITAL STORAGE SCOPE

By combining a display-interpolation technique with a 25M-
sample/sec, 8-bit digitizer, Model 468 achieves a 10-MHz useful
storage bandwidth. Utilizing the interpolation concept, the unit
requires 2.5 samples per cycle to achieve this capability.

The scope’s Envelope mode uses dual sampling rates and
selectable sweep rates to store a waveform’s maximum and
minimum envelope values. It can capture glitches, view
wave-shape excursions and detect aliasing. A jitter-correction
circuit factors out the +%-sample-interval shifting caused by an
asynchronous trigger-point/sample-clock relationship. The unit’s
1024-word memory can store up to 2x512- or 4x256-word
waveforms. Options include-signal averaging and GPIB. From
$5000. Available in August. Delivery, 16 wks ARO.

Tektronix Inc, Box 500, M/S 76-260, Beaverton, OR 97077.
Phone (800) 547-1512. Booths 100-10, 201-11. Circle No 420
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7he great hope of society is

in individual character.

—MW.E. Channing

<\\> Individual character. It's

Iso the great hope of a com-
any. Especially an innovative
ampany like Mostek.

Our foundation is people.
esourceful people. So the

individual wants and needs
all our people.

Judging by our succt
it's an approach that works.
just ten years, Mostek has t
come the world leading supj

trength of our success evolves of dynamic RAMs. An innov.
rom the strength of our people. The worth of their leader in microcomputers and systems, and a pior
deas, their dedication to our growth, their willingness with clear dominance in the telecommunications
o help us progress through change. market, supported by the broadest product line
In return, our obligation is to provide a working available.

nvironment that nourishes those individual strengths. Individual character. The more we encoura
.0 us, that means delegating responsibility. Encour- it, the stronger we expect to grow. Call us or write
ging creative freedom and independent thought. Mostek, 1200 West Crosby Road, Carroliton, Texe
.ewarding jobs well done. Recognizing the 75006, (214) 323-8806.

MOSTEK.

1980 Mostek Corp. ' We are an equal opportunity employer

Enr nroi § 2 901 n Cirelo




Health insurance

for irregular voltage.

Two of the simplest, most reliable ways to keep AC
line power steady and clean for sensitive electrical
and electronic equipment are Sola's CVS
Transformers and Solatron/Acuvolt® Line Voltage
Regulators.

The CVS, a ferroresonant sinusoidal constant
voltage design, blocks out brownouts and transient
voltage dips or spikes. It holds output voltage within
+0.5% of nominal throughout input variations
ranging to +15%, for loads from 30 VA to 7.5 kVA.

Solatron/Acuvolt Line Voltage Regulators are

158

solid state static-magnetic designs that combine
tight regulation with fast response, adjustable
output, remote sensing and high capacity, up to
750 kVA.

Both provide line-to-load isolation with no
moving parts. Compact, no-maintenance
construction suits industrial and marine as well as
business and institutional applications.

For free literature, contact Sola Electric, 1717
Busse Road, Elk Grove Village, IL 60007. Phone
(312) 439-2800.

G

The Power Protectors
SOLA

50 YEARS 1930-1980

For more information, Circle No 117
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sarbon film resistors? Metal film resistors?

Trimmer potentiometers?
Why wait?
Piher has over
100 million in stoclk.

sales staff is always ready to
answer your inquiries.
-, If yourequire the finestin
\GP passive components, com-
petitively priced and always
available for prompt delivery
from stock, Piher is your source!
Piher International Corporation
service in the industry. Our facilities 505 West Golf Road
are designed to handle your Arlington Heights, IL 60005

orders promptly and efficiently. '
O dk p Piher resistors are available in 1/4W,
ur courteous an nOWIedgeable 1/2W, 1W and 2W at 5% tolerance. Unique -
design of Piher potentiometers prevents pene- L]

tration of dust, cleaning fluids or solvents.

call toll free 800-323-6693

Remember, the PIHER name says it all—

All Piher components are manu-
factured under exacting standards
in modern facilities with the most
advanced automated production
equipment. Our customers include
major American manufac-
turers of consumer electronics.

And Piher offers the finest

I:recision ° ln-stock ° l‘lighest quality e Excellent service e Heasonably priced

F 2 ; -
EDN APRIL 20, 1980 or more information, Circle No 118 159



GRAPHICS ART

lllustration By David Willardson/Copyright 1977, Paper Moon Graphics, Inc

ENGINEERING, SCIENTIFIC AND
MATHEMATICAL ANALYSIS

|———‘§

Q9 - - 5

PROCESS CONTROL AND MONITORING

INFLATION TRENDS

BUSINESS GRAPHICS

HERE’S A COLORFUL DISPLAY
OF OUR VERSATILITY.

No matter what type
of business you're in,
our popular CG Series
of color graphics com-
puters can give you
vivid insights into
every phase of your
operations. Even our
largest and most so-
ﬂ histicated clients
eep telling us they’re

Chromatics

The World's Most Cal

coming up with in-
novative applications
that save amazing
amounts of time while
providing vital informa-
tion. If that s.the kind of
versatility you'd like in
a very reasonably priced
color graphics com-

4,.‘ puter, contact your
— nearest sales rep.

FROM BUSINESS GRAPHICS TO PROCESS CONTROL, CHROMATICS CAN SOLVE ALL OF YOUR APPLICATIONS NEEDS.

SALES REPRESENTATIVES: USA. AL: Huntsville Col-Ins-Co. 800/327-6600, AZ: Phoenix Thorson Co. 602/998-2444, CA: Southern U.S. Graphics Marketing Corp. 213/880-4062, CA: Northern Thorson West
415/964-9300, CO: Littleton Davis & Assoc. 303/795-1400, CT: Bartlett Assoc. 914/949-6476, DE: Bartlett Assoc. 301/656-3061, DC: Bartlett Assoc. 301/656-3061,FL: Fi. Lauderdale Col-Ins-Co
800/432-4480, FL: Orlando Col-Ins-Co. Inside Flo. 800/432-4480, Local 305/423-7615, GA: Atlanta Col-Ins-Co. 800/327-6600, IL: Northern Dytec/Central, Inc. 312/394-3380, IN: Dytec/Central, Inc
317/247-1316, |A: Eastern Dytec/Central, Inc. 319/683-2282, IA: Western Professional Mkig. Services 612/474-5939, LA: Baton Rouge Col-Ins-Co. 800/327-6600, ME: Bartlett Assoc. 617/ 879-7530, MD:
Bethesda Bartlett Assoc. 301/656-3061, MA: Framingham Bartlett Assoc. 617/879-7530, M: Detroit WKM Assoc. 313/588-2300, MN: Professional Mkfg. Services 612/474-5939, NH: Bartlett Assoc
617/879-7530, NJ: Bartlett Assoc. 914/949-6476, NM: Albuquerque Thorson Co. 505/265-5655, NY: Holcomb Bartlett Assoc. 716/657-6309, NY: White Plains Bartlett Assoc. 914/949-6476, NC: Winston-Salem
Col-Ins-Co. 800/327-6600, OH: Cleveland WKM Assoc. 216/267-0445, OH: Dayton WKM Assoc. 513/434-7500, OR: Portiand DPM, Inc. 503/258-8203, PA: Plﬂsburgh WKM Assoc. 412/892-2953, PA: Wayne

Bartlett Assoc. 215/688-7325, RI: Bartlett Assoc. 617/879-7530, SC: Greenville Col-Ins-Co. 800/327-6600, TX: Austin Thorson Co. 512/451-7527 TX: Dallas Thorson

0. 214/233-5744, TX: Houston Thorson Co

713/771-3504, UT: Davis & Assoc. 303/795-1400, VT: Bartlett Assoc. 617/879-7530, VA: Northern Bartlett Assoc. 804/421-7330, VA: Southern Col-Ins-Co. 800/327-6600, WA: Seattie DPM, Inc. 206/453-9082
WI: Eastern Dytec/Central, Inc.312/394-3380,

FOREIGN COUNTRIES. EUROPE & NEAR EAST: Techexport, Inc. 617/661-9424, AUSTRALIA: Crows Nest, NSW TCG 439-6477, BELGIUM: Brussels Spesi (02) 37491-12 CANADA: 404/447-8797, FRANCE: Techdata

749-40-37, ISRAEL: Eldan Electronic Instrument Co., Ltd. 533 221/533 242, SCANDINAVIA: Sweden Teleinstrument AB 08-380-370, SOUTH AFRICA: Pretoria Infodata Pty. Ltd. 01278-8141, SWITZERLAND: W. Stolz

AG 057-54655, UNITED KINGDOM: Bournemouth Techex Ltd. 0202-293-115, WEST GERMANY: Techdata GmbH 31025-6

© Chromatics, Inc. 1980

Chromatics, Inc., 3923 Oakcliff Industrial Court, Atlanta, Georgia 30340 Telephone 404/447-8797 TWX 810/766-4516
For more information, Circle No 126




Universal active filters
make designing a snap

UAFs offer designers uninitiated in network theory
the ability to construct complex filter configurations.
An example illustrates the process.

John Tsantes, Eastern Editor

Hybrid universal active filters have simplified the job of
active-filter design: By employing relatively straight-
forward techniques, you can construct relatively
complex filters—even if your filter-design know-how is
comparatively limited. And the promise of monolithic
versions of these devices (EDN, March 20, pg 49) offers
the possibility of even greater design flexibility in the
future.

The design procedure summarized here illustrates
the ease with which you can obtain even complex filter
responses with today’s devices. This example employs
General Instrument’s ACF7092C, but because all UAFs
are essentially the same, the technique applies to all of
them.

A review of basic theory

First, a quick overview of basic active-filter network
theory.

A second-order function, termed the biquadratic, is
the basic building block employed in the synthesis of a
large class of active filters:

_ K(s + z)(s + z2)_

HE) = G+ 006 + po) &
For complex poles and zeros,
Zl = Re(zl) et jIm(Zl)) pl = Re(pl) o jIm(pl) (2)

z, = Re(z,) — jIm(z,), p. = Re(p,) — jIm(py).

Because a pair of poles can be represented in terms of
the pole frequency (w,) and the pole Q (Q,) and a pair of
zeros can be treated similarly, you can rewrite the
biquadratic formula as:

KS%%) s + w?
s + (%ﬁ)s + w2

P

H(s) = 3)

The equation then appears in the basic form employed
by all filter manufacturers for outlining design steps in
their UAF data sheets.

A filter’s dc gain is

wzz
20 logso |K<w—p2)| ;

EDN APRIL 20, 1980

and its infinite-frequency gain is given by
20 logy, |K|.

The pole Q, which determines the filter’s sharpness at
o, (the point of maximum response) is

AN
QD e (BW)p

where BW is the filter’s bandwidth. Similarly, the zero
Qis

= W,
%= Bw,
and measures the sharpness of the filter’s minimum
response.

Low-pass filters pass frequencies ranging from dc to
the cutoff frequency w, a high-pass filter passes
frequencies from this cutoff frequency to «. Similarly, a
bandpass filter passes signals that lie between two
frequencies (w; and w,), and a band-reject (notch) filter
rejects frequencies in a stopband bounded by w3 and w,.

For these four cases, Eq 3 becomes:

Low pass (LP):
H(s) =

wy

[0
o & (QP—)S 4+ w
P

High pass (HP):

2

H(s) = ws
g2t (Qi)s + w?

Bandpass (BP):
(&)

s? + (—8"-)5 “*+ wpz

P

H(s) =

Band reject (BR):

2 2
H(s) = £ :
s + (%"-)s + o2

P,

With these basic equations, you can obtain any desired
filter response.

161



UAFs offer the promise
of virtual cookbook design

The poles of the biquadratic function are the values of
s that make the denominator zero. Similarly, the zeros
are the s values that make the numerator zero. Using
these definitions and Eq 2, you can solve for s, w, and Q:

= a = jB (a, B = constants)

w, = Ve T B
= %,
Q 2a

Thus, by picking the values of a and B, you can locate
the poles to provide the desired response. Equations
exist to tell you where to put the poles of a transfer
function in order to achieve a certain response shape;
the well-known Butterworth, Chebyshev, Bessel and
Cauer (elliptical) approximations can also serve. Many
references also supply look-up tables that list the
various parameters and constants for a desired
response. Here’s a brief review of the four basic
responses:

® A Butterworth response, also termed maximally

flat, yields a filter with its flatest amplitude
response in the passband. Here, the -cutoff
frequency’s attenuation rate is nx6 dB/octave,
where n is the filter’s number of poles, or order.
® A Chebyshev response yields a filter with its
maximum attenuation rate beyond the cutoff
frequency but adds ripple to the passband. This
equiripple property means that the filter’s error

oscillates between maxima and minima of equal
amplitude in the passband. Chebyshev approxi-
mation tables are usually categorized in terms of
maximum ripple, measured in decibels.

® The Bessel response offers excellent phase-shift
linearity. Its amplitude cutoff is not as sharp as
that of the Butterworth or Chebyshev response,
but it does offer a linear phase response. Bessel
filters pass rectangular signals with a minimum
amount of distortion and with a delay time
linearly proportional to the phase-shift character-
istic. In other words, the time delay through the
filter is almost constant with respect to frequency
and equal to the slope of the filter phase
characteristic.

® The Cauer response yields a filter with equiripple
in the passband and stopband and has a steeper
transition than the Butterworth or Chebyshev
responses. This elliptic approximation is one of
the most commonly used functions in the design
of active filters, because with it, a filter of a lower
order can achieve results similar to those of the
Chebyshev and Butterworth responses. Because
a lower order filter requires fewer components,
this approximation produces the least expensive
filter realizations.

A UAF design example

For simplicity, the following design example refers to
the cutoff frequency as w,. Most manufacturers employ
either this symbology or w, in their literature.

For the ACF7092C (Fig 1), the equations describing
the three available outputs are:

e

UAFs. :

Fig 1—The universal active filter used in this article’s design example, General Instrument’s ACF7092C is similar to most other

OAy(-IN) O OA(+IN)

V,
Vep Lp
Ry
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(a) ?V' [ ]GND
Rg
€4 O v“p
V,
Ry ¢ 3 LP
Rig 3R
= Vi L—&—O0 Ve
(b) ? Vi | —
Ry
€2 o) VHp
OVip
R
'S R SR
e ik L— &0V
Fig 2—A hybrid UAF Jike the ACF7092C can realize both
noninverting (a) and inverting (b) configurations.

2
Gup = Gue wf
o (%) s + wy
GBP('(S‘_) S
Gaep = %
s + (—Qﬂ> s + w?
2
Gaup) = G 8

s + (%)s + o

To obtain band-reject characteristics, you can sum the
low-pass and high-pass outputs to form a pair of jo-axis
ZEeros:

A(s? + o))

,
s + (-—")S + w?
Q

Ger) =

In these equations, f,=w,/27 is the natural or corner
frequency for low- or high-pass outputs and the center
frequency for a bandpass output. Additionally,

s=transform variable

Gup=gain at infinite frequency (high pass)
Ggp=gain at center frequency (bandpass)
Grp=gain at zero frequency (low pass)
A=GLp=Gnp

Q=center frequency/bandwidth (bandpass)
Q=gain at natural frequency/gain at infinite
frequency (high pass)

EDN APRIL 20, 1980

TABLE 1 — CALCULATION OF GAIN

NONINVERTING INVERTING
FIG 2a FIG 2b
Gyp ay (1+az+ay) —-a,
G 24 2y
e T Es 3, (1+a,+ay)
as(1+az+ay) a,
el e e %

TABLE 2 — CALCULATION OF R; OR Ry

NONINVERTING INVERTING

CONFIGURATION FIG 2a FIG 2b
LOW PASS Ry oy Ry = 100k

Qpesian

QDESlRED
BANDPASS Rg= 100k) Ry=Q 31.6k

m( 3= Qpesian (31.6k)
HIGH PASS RS L Ry = 10k

Qpesian

TABLE 3 — CALCULATION OF R,

NONINVERTING INVERTING
CONFIGURATION FIG 2a FIG 2b
LOW PASS Ry= i Fim 100k
3.16 (Qpesian) — 1 3.8 (Qpesian) — 1

100k 100k

BANDPASS Ry= Ryz=
7™ 3.48 (Qpesian) - 2 7™ 3.48 Qpesian)

HIGH PASS 5 SO0K R, 100k

Ry=
0.32 (Qpesign) — 1

" 664 (Qpgsian) — 1

where w, = R

Q=gain at natural frequency/gain at dc (low

pass).

The design equations for these transfer functions are:

Wy = V3w,
Wy = :
’ 2 Rng

v wV(2)

Q=[aa(l+a4+aa)

where a, = Ri R,
I+5+ 8
1+?‘1‘+F:

Resistors R; and R, determine the natural frequency;
resistors R;, R; and Rs determine gain and Q. You must
apply these five resistors externally to the UAF'; Ry, R;s
and Rg are internal and fixed.

Gain, depending on the type of filter selected and

whether it is inverted or noninverted (Fig 2), appears
in Table 1. Use Table 2 for the calculation of Rs or R
and Table 3 to calculate R;.
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Select any of 7,000 electro-mechanical and solid state
relays from the world’s fastest expanding line. ITT offers
20 complete families of electro-mechanical relays, some
with life expectancies of up to 200 million mechanical oper-
ations or 20 million electrical operations. There's also a wide
choice of SSRs for AC switching and DC switching. For
samples, illustrated catalogs, and the name of your nearest
representative, call Jim Harrison, Relay Marketing Manager
(617) 686-1110. Or write: ITT Components, a unit of Interna-
tional Telephone and Telegraph Corporation, 1551 Osgood
St., North Andover, MA 01845.

Relays from ITT Components

Electro-mechanical relays are available with continuous ratings from %2 A to 15A and contact combinations ranging from 1-pole,
double throw to 6-pole, double throw. SSRs for AC switching are available with photo-coupled back-to-back SCRs, or with
photo-transistor or reed-relay coupling. Those for DC switching have either photo-transistor, photo-cell or reed-relay coupling

For more information, Circle No 119
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A 4-step process defines
an active filter

A 4-step procedure

The following 4-step tuning procedure permits
selection of all external resistors. It’s based on first
selecting an output function and configuration; if you
desire gain values other than those given in Table 1,
you can use the uncommitted operational amplifier:

® Step 1: Select f, and determine the design Q.

Because the maximum £,Q product is specified on
the UAF data sheet, you should calculate this
product to ensure that the design will operate
within the filter’s limits. (In the case of the
ACFT7092C, £,Q=10,000.) The selected Q can now
serve in all subsequent calculations. (Keep in
mind that at this point, you can use look-up tables
which specify normalized frequency f, and desired
Q for an nth-order filter to obtain a Butterworth,
Chebyshev or Bessel response.)

® Step 2: Calculate R; or Rg as a function of design

Q, using the equations listed in Table 2.
e Step 3: Calculate R, and R; as a funetion of f,. For
the basic unity-gain configuration,
Ri=R;=(5.04x107,.
® Step 4: Calculate R; as a function of design Q,
using the equations listed in Table 3.

These four steps are all that’s required. If the
mathematics seems a bit cumbersome, remember that
any programmable calculator can make light work of
the job. In fact, many manufacturers provide programs
right in their data sheets for transfer-function calcula-
tions as well as programs for specific responses and
low-pass-to-bandpass transformations.

Cascade for higher orders

These design steps yield a second-order response;
you can cascade several universal active filters to yield
higher order functions. Many manufacturers’ data
sheets tell you how to design higher order filters using
the basic UAF'; they provide suggestions on how to
design or locate the various sections to optimize
performance and eliminate inter-section distortions.
The data sheets provided by Burr-Brown and National
prove particularly helpful in this regard and offer a
great deal of design and application information as well
as tuning tips. Additionally, all UAF suppliers provide
application notes to aid in circuit design.

While universal active filters are extremely versatile
and save design time, some responses might be difficult
to realize with them. In such cases, a custom design
might prove more useful and less expensive in the long
run; contact manufacturers to discuss the tradeoffs
involved. EDMN
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THE NEW ITT TAP-T.
THE SOLID DIPPED

TANTALUM CAPACITOR
THAT STANDS ON
ITS OWN FEET.

An ITT Innovation.
New TAP-T.

Defined fixing point
| assists perfect

' airtight soldering.
Case sizes 1-8.

For samples, our new catalog, and the name of your
nearest representative, call (617) 686-1110. Or write: ITT
Components, a unit of International Telephone and
Telegraph Corporation, 1551 Osgood St., North
Andover, MA 01845.

Capacitors from ITT Components

For more information, Circle No 120
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possess unusual
powers.

<

They couldn’t function withou
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electrical system. An Elgar AC Powe
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it takes. That same Elgar Powe
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every kind of electrical system in the
world. There are 50 plug-in oscillator
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can't duplicate, an Elgar programmabl
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- 2 (714) 565-1155. Out of state, call 80

- ~ o 854-2213 toll free. (We are also
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Out of All the Face
Wipe IC Sockets...

Scanbe has gone the extra mile to bring you the 707 Series of
low-cost, low profile face-wipe IC sockets. Each is precision made
with the important design and reliability advantages that puts it
way ahead of the competition. Just compare spec for spec and
feature for feature.

Scanbe’s special design ensures ideal insertion, holding and with-
drawal forces—even after multiple insertions. The contacts are
made of CA-725 alloy for high corrosion resistance and excellent
solderability. You get your choice of gold or tin in the contact area
for minimum cost yet maximum performance. The 707 Series is
designed to exceed EIA RS-415 standards and to meet MIL-S-83734B.
The units offer open frame construction for cooler IC operating...
end and side stackability...open end design for easy and safe IC
extraction.

The series is UL 94/V0 flammability rated and comes packaged
in tubes compatible with automatic insertion equipment. The 707
Series is available off-the-shelf in 8 to 40-pin versions from your
Scanbe distributor. For the full story on this unique socket, contact
your local Scanbe distributor or the factory direct.

Scanbe, Division of Zero Corporation, 3445 Fletcher Ave, P.O.
Box 4159, El Monte, California 91731, Telephone: (213) 579-2300,
TWX: (910) 587-3437.

@ SCANBE

DIVISION OF ZERO CORPCRATION

For more information, Circle No 123

Make
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g
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With Scanbe’s Full
Line of IC Sockets

Whatever your IC socket require-
ment—plug into Scanbe for the best
results. Every Scanbe socket exceeds
EIA RS-415 standards and features
built-in quality and design advantages
that can improve your product's
dependability and serviceability.
707 Series low profile face-wipe IC
sockets provide unparalleled per-
formance and reliability at a com-
petitive price. They're available in all
pin configurations with gold or tin
at the contact area.

US-2 low profile, edge-wipe IC sockets
have been the industry standard for
quality and are designed for maximum
performance and reliability. US-2's
are available in all pin configurations
with or without gold inlay.

ME-2 sockets and pin strips mate with
all device lead frames. ME-2's come
in a wide range of models including
wire wrap sockets, solder tail sockets,
discrete sockets, socket modules,
pin strips, and edgeboard sockets
ZIF zero insertion force IC connec-
tors eliminate lead damage when IC's
or microprocessors are inserted or
removed. ZIF's are available in CA-770
with or without goldplated contacts.

For more information on any of these
lines, contact your local Scanbe dis-
tributor or contact the factory direct.
Scanbe, Division of Zero Corpora-
tion, 3445 Fletcher Ave, P.O. Box
4159, El Monte, California 91731,
Telephone: (213) 579-2300, TWX:
(910) 587-3437.

@uvsmmzmocmmm
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Offsetting, linearization methods
improve transducer performance

Simple offset and linearization circuits adjust and compensate
for transducer operation under varied conditions—
and handle low-level signals with care.

Dan Sheingold, Analog Devices Inc

Properly applied, offsetting and linearization can boost
a transducer system’s noise immunity, improve mea-
surement accuracy, extend operating-temperature
ranges and reduce device sensitivity to error contribu-
tions from other components. And while the many
sensor types available (EDN, March 20, pg 122)
present a variety of interfacing challenges, design
considerations such as those discussed in this article
help meet these challenges in a straightforward
manner.

Offsetting—what and when?

Offsetting embraces the use of analog techniques to
shift a signal level by a predictable amount. Typical
applications include

® Measurement of small changes about a large

initial value
® Incremental measurements employing a device
that operates over an absolute scale (gauge vs
absolute pressure, degrees Celsius vs degrees
Kelvin)

® Reduction of common-mode levels

® Restoration or introduction of a beneficial offset
(converting a 0 to 10V range to a 4- to 20-mA
range for transmitting analog signals, for exam-
ple).

An accurately developed constant (offset) isn’t
necessary in all applications, however. For example, an
isolation amplifier allows you to measure small
differential signals riding on large common-mode
voltages and ignore the common-mode voltage in the
process. And if the useful portion of a transducer’s
output is an ac signal, capacitive or transformer
coupling eliminates the dc level.

For applications that do require offsetting, though,
Fig 1 illustrates one method utilizing a bridge
configuration—a useful technique with  transducers
such as thermistors, resistance temperature detectors
(RTDs) and strain gauges, which don’t inherently
involve bridge circuits. The transducer in Fig 1 acts as

EDN APRIL 20, 1980
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/X POTENTIOMETRIC
TRANSDUCER A B ACCURATELY
° °—‘T P MATCHED

l

ok
i T

E, E,
Via= 24K 3 3,
<
G
FOR K= 0.001:

Eyp Vag Vas

(V) (V) (V)
10.000 5.005 0.00500
10.002 5.006 0.00500

Fig 1—An offsetting bridge provides reduced sensitivity to
variations in power-supply voltage. Note that even a 20%
change in the fractional part of Vae essentially produces no
change in Vas.

a linear voltage divider, and the variable of interest is
the fractional deviation from half scale, KEy2. If E,
equals 10V, a deviation (K) of 0.1% results in a 5-mV
change. An accurate digital voltmeter at AG, between
the potentiometer wiper and E,’s low end, would read
5.005V, so you could read the 0.005V positive deviation
by ignoring the initial digit. Unfortunately, the circuit’s
output is highly sensitive to error—a 0.02% error in
either the power-supply voltage or the meter reading
results in a 20% error in the measured value of KE,/2.
However, by forming a bridge (employing an
accurately matched resistance pair) to produce an
offsetting voltage Vg; and placing the meter to read the
circuit’s difference value V,5=0.005V, you cancel the
effects of small changes in power-supply voltage,
because both voltages experience the same amount of
change. In addition, use of a low full-scale voltage range
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Bridge circuits reduce transducer
sensitivity to error sources

(0.1999V on a 3¥%:-digit meter, for example) and/or
preamplification of the difference voltage further
improve meter accuracy.

You can also employ another less critical form of
offsetting to reduce measurements from absolute to
gauge or from degrees Kelvin to degrees Celsius, or to
translate the outputs of high-level transducers that
produce ranges inherently offset from zero. Two simple
ways to accomplish these adjustments involve input
summation in operational or instrumentation amps and
use of an instrumentation amplifier’s reference input.

Fig 2a illustrates how you can use resistance to scale
the 1-wA/°K output of an AD590 temperature transduc-
er to 1 mV/°K and insert a fixed 273.2-mV offset to
provide a voltage output representing degrees Celsius.
Similarly, Fig 2b shows a semiconductor pressure
transducer’s 2.5 to 12.5V output (representing a 0 to
100-psi range) offset to provide 0V for 0 psi.

Cold-junction compensation avoids an ice bath

A special form of offsetting, cold-junction compensa-
tion (CJC) finds use with thermocouples in applications
where you expect large ambient-temperature varia-
tions and find it inconvenient to provide an ice bath for a
reference junction (the vast majority of applications fall
into this category). The offsetting circuit measures
ambient temperature at the cold-junction reference and
adds an opposite-polarity voltage to the transducer’s
output approximately equal to the value developed by
the cold junction. The net circuit output equals the
measuring junction’s inherent Seebeck voltage.

The circuit shown in Fig 3 provides CJC for a Type J
thermocouple (iron-constantan). (When utilizing such
an approach, place the reference junction in intimate
thermal contact with the temperature transducer.) The

ADJUSTABLE-GAIN
INSTRUMENTATION
AMPLIFIER

(b)

“25TO 125V
(0 TO 100 PSIA)

0TO 10V
(0 TO 100 PSIA)

Fig 2—Range offsetting is a simple but effective method for
converting measurements from degrees Kelvin to degrees
Celsius (a) or translating the output of high-level transducers
whose ranges are offset from zero (b).

circuit’s 2.5V reference and AD590 temperature sensor
add a constant term plus a term proportional to
temperature; when adjusted to read the correct output
voltage at a nominal reference temperature (say 25°C),
the circuit offers accuracy to within about 0.5°C over an
ambient range of 15 to 35°C. Principal error contribu-
tions in Fig 3’s circuit arise from the temperature
coefficients of the voltage reference and resistors.
(Note that while the figure shows a Type J device, the
circuit accommodates other thermocouple types if you
substitute different values for R, as shown in Fig 3’s
table.)

+V,
s Gy TRANSDUCER| R,
TYPE NOMINAL
VALUE
2.5V
- AD580 @
REFERENCE
JUNCTION i 332
15°C<T,<36°C ko500 z E 61.4
T 40.2
S, R 5.76
IRON
7 )
<> Vr CONSTANTAN< >cw S 'i"
=" O OUTPUT
MEASURING & T AMPLIFIER
JUNCTION Eg=Vy—Vy+3329+25 54y & 8.66k OR METER
1453.2Q NOMINAL
R VALUE
".:.V.r 9135 1k
Fig 3—Cold-junction compensation provides a thermocouple reference in applications where using an ice bath for the reference
junction is inconvenient. Through changes in the value of Ra, the circuit accommodates a variety of thermocouple types.
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Offsetting improves system performance

Many process-control applications transmit trans-
ducer information in current form with a full-scale span
of 16 mA and an offset of 4 mA. Current transmission
provides a degree of noise immunity because the
received information remains unaffected by voltage
drops in the power line, stray thermocouple effects,
contact voltage or resistance and induced-voltage noise.
At the same time, the offset provides a distinction
between a ZERO (represented by 4 mA) and no
information arising from an open circuit (zero current

flow).
Current transmission also offers another benefit: In

some applications, you can use the 4-mA current not
needed for information transfer to remotely furnish
power. The system then transmits power in one
direction and information in the other. You thus need no
local transducer power source and require only two
wires for transmission.

Finally, current transmission allows you to connect
several loads at various locations in series. You could,
for example, use a transducer output to drive both a
chart recorder and a meter and provide a controller
input. Process-control current-transmission networks
(Fig 4) can implement current-based systems by
employing modular voltage-to-loop-current converters
either sharing or isolated from system common.

The devices shown in Fig 4 provide low-cost
guaranteed performance, but you can find many
published circuits that allow you to implement success-
ful voltage-to-current converters using op-amp circuit-
ry. Just be sure, though, to consider the accuracy,
grounding, input-voltage-range, output-current and
compliance-voltage, power-supply, reference and de-
stability requirements.

Classify devices according to nonlinearity

The second transducer design factor considered in
this article—linearization—concerns a device’s inherent
performance characteristics. A linear system or
element is one for which cause and effect are
proportional; if there are several inputs, the system’s
output is proportional to their weighted sum.

Nonlinearity specs designate how much a device
deviates from perfect proportionality. For some devices
(such as log-antilog amplifiers), nonlinearity is a desired
characteristic. For others (such as thermocouples and
off-null bridges), it represents a performance limit
predictable from the nature of the device’s characteris-
tics. Many devices’ nonlinearity, however, differs from
device to device, allowing characterization only as a
worst-case specification. The linearization schemes
discussed here consider only the second class (unde-
sired but predictable) of nonlinearities.

Digital or analog—which way to go?

If you wish to digitize data for processing at the
earliest practical point in a circuit, you'll probably find
it expedient to perform any necessary linearization in
the digital domain. The principal digital techniques
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involve ROMs and computational algorithms.

ROM provides the fastest access and proves useful in
the face of limits on processing capability and time and
when nonlinearity is fixed and well defined. You can
hardwire the ROM to an A/D converter’s output and
gate this memory with the ADC’s end-of-conversion
flag to assure a linearized signal for further processing.
Each converter output level corresponds to an address
in ROM; the word stored at each address can be either
the correctly linearized value of the measured variable

SERIES-
(a) CONNECTED
STANDARD
+Vso RECEIVERS
1070 32v RECORDER
R, 250
i
0 TO 10V
INPUT -——
FROM DAC TO 20 mA
SIGNAL
CONDITION ER,_l CoM I-‘:
ETC
e 4

CONTROLLER

(b)

RECEIVER

LOOP
SUPPLY
6 TO 32v

Vem <1500V DC OR PEAK AC

Fig 4—Improved noise immunity is a primary advantage
afforded by transmitting information as a current. While
shared-common (a) and isolated (b) loops employ packaged
V/I converters, with some design effort op-amp circuitry can
furnish identical results.

or an additive correction term.

If rapid mathematical capability is available, you can
employ another scheme in systems that look at their
nonlinear input sources infrequently and afford only
limited memory capacity: Derive a mathematical
function that approximates the inverse of the nonlinear
relationship—or the difference between the ideal and
actual signals—and store it in program memory. Then,
whenever the system requires the nonlinear source’s
signal, the processor computes a correct value based on
the signal’s mathematical relationship to the measured
input variable.
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Current transmission improves
transducer-system noise immunity

For many applications, however, it’s best to linearize
transducer output at some point in the analog process.
This approach obviously makes sense in systems that
employ no digital processing, but it’s also reasonable for
applications incorporating only limited digital-
processing capability and/or memory and where you can
implement analog processing simply and economically.
Two general avenues are available to effect analog
linearization—modify the transducer itself or adjust its
output signal.

Circuit modifications work in some cases

Many methods are available to linearize a transduc-
er’s output signal by utilizing corrective circuitry. If an
application involves a bridge arrangement, for exam-
ple, you can provide a feedback signal to balance it and
obtain an output proportional to the active element’s
resistance change. Alternatively, you can drive a
bridge’s active leg with a current derived from the
voltage applied to the reference leg.

Another example of transducer circuitry modification
utilizes networks employing thermistors and resistors
that provide a linear output over limited ranges.
Transducer manufacturers utilize this technique to
provide devices with linearities to within 0.2°C over
ranges such as 0 to 100°C.

By connecting resistance in series or parallel with a
thermistor, you can linearize circuit output (in a
rudimentary way) over limited temperature ranges.
While the simple circuit shown in Fig 5 furnishes a
much lower sensitivity than that of the thermistor
itself—1%/°C of the applied voltage over a range of
about 50°C—its output is linear to well within +5% of

the range.
The approach here starts with the relationship
Vour W3 Vs - VOUT, )
Rs A(Rgs) ’
then,
\% 1
\(;UT = R (2)
s L5
ARS i
where

Vour=the resistive divider’s output voltage into a
high-impedance load
Vs=the constant input voltage
A=the ratio of thermistor resistance at any
temperature (Ry) to its resistance at 25°C (Rys)
Ras=the thermistor’s specified resistance at 25°C
when operated at a power low enough to avoid
significant dissipation
Rs=the value of series compensating resistance.
With the reasonable assumption that over a limited
temperature range (T denoted in degrees Kelvin):
A = aeflT

(3)
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where a and B are unknown arbitrary constants, you
can pick values of A from Fig 5’s curve at two
temperatures (0 and 50°C, for example) and calculate a
and B to be 1.44x107% and 4016°K, respectively.

Substituting values from Eq 3 into Eq 2 and
differentiating with respect to temperature (utilizing
various values of Ry/Rs in the 0 to 25°C range) shows
that the derivative exhibits little change (implying
linearity) at a Ry/Rs ratio of 0.61. One of the curves
plotted in Fig 5b is based on this value, calculated for a
0 to 25°C range, while the other is based on Rx=1.67Rg
over a 0 to 70°C range. The respective nominal values of
Rs for these ratios and with Vs=5V and Rys=10 k() are
16.4 and 6 kQ; useful ranges would span —10 to +30°C
and —5 to +70°C, with temperature sensitivities of 55
and 45 mV/°C.

As a final example of linearizing a transducer by
modifying its circuitry, the circuits shown in Fig 6
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Fig 5—Although quite sensitive to temperature, thermis-
tors are also highly nonlinear. Connecting resistors in series
or parallel with a thermistor crudely linearizes device output
(a) over a limited temperature range (b).
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Fig 6—Using feedback to affect bridge
excitation (a) is a straightforward meth-
od of correcting transducer nonlinearity.
The adjustment possible with the 2B31
signal conditioner (b) permits a degree
of over- or undercorrection to compensate
for bridge nonlinearity.

(a)

= Vin=Vaer +BEo

EXCITATION REFERENCE
SUPPLY | Vaer
\ B EO — i
[. OE

INSTRUMENTATION x
AMPLIFIER  E, =K V,y——
0 N gL X

23

COM  -15V 15V
®) | T (: Vexe ADJ
- - (A)[JUMPER SELECTS
3 1 uF NONLINEARITY
- 20k ~_SHAPE
1 uF
BRIDGE-COMPLETION
RESISTORS SHOULD BE Rsg.
+0.05%, 5 PPM/°C 23 28 26 27 24 22 25 249k
FOR BEST PERFORMANCE _SENSE COM -V +Vs +Vaw REF  REF
= . ouT N
5V ;
20} . SENSE - .
; . LINEARITY
2831 ADJjusT L
15N OUTPUT OUTPUT
OFFSET s i 0TO 10V
10]- e 1 29 2 3 i
SPAN 15V O——ANVA—O0 —15V <
HESISIOR 50k FINE SPAN
500 ADJUST

utilize the output of a bridge preamplifier to modulate a
bridge’s excitation. An external adjustment circuit
applied to the 2B31 bridge/signal conditioner provides a
degree of over- or undercorrection to partially
compensate for the nonlinearity of the device (such as
an RTD) as well as the bridge.

In Fig 6a’s simplified circuit, amplifier output Eo
depends on the fractional resistance deviation x and
excitation voltage Viy according to the expression

EO | KV[Nf(x). (4)

Feeding back a small fraction (B) of the bridge’s output
makes Viy a function of Eo:

Vin = Vger + BEoq; 5)
substituting Eq 5 into Eq 4 results in
s KVreef(x) ;
Eo = T - KBfx) (6)
If the bridge response is of the form f(x)=x/(1+x/2),
- - KVREFX
g KBx
a+ x/2)(1 - x/2)
Lk KVREFX (7)
1+ x(*% — KB
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To cancel any nonlinearity, the denominator must equal
1, so

KB=1%. 8

The network shown in Fig 6b applies this result to a
bridge circuit in which a 2B31 signal conditioner
provides excitation and amplification for an RTD
(although the circuit also handles most other bridge-
based sensors). Nonlinearity slope (concave upward or
downward) determines the sense of the required
feedback. Resistor Rggy, sets the magnitude of the
linearity correction, and the linearity-adjust pot
provides a fine trim.

If you’re using an RTD, you can efficiently make the
linearity adjustment without actually changing temper-
ature by simulating the RTD with a precision decade
resistance. You can adjust offset at the low end of the
resistance range, fine span at about one-third of the
range and linearity at a resistance corresponding to
full-scale temperature. You'll probably have to perform
one or two adjustment iterations, because linearity and
scale-factor errors will interact.

Linearize the output signal instead

Where necessary, you can apply analog processing to
a transducer’s output signal to compensate for nonlin-
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Adding series/parallel resistance
linearizes thermistor output

earity in the transducer, the associated circuitry (such
as a bridge) or both. The best circuit choice among the
many options available depends upon the nature of the
nonlinearity involved.

One option is to employ devices that provide
inherently complementary nonlinearity—circuits ex-
hibiting a logarithmic response to compensate for
exponential functions of the measured quantity, for
example.

You can also use simple analog computing circuits to
provide functions complementary to the known func-
tional characteristic of the transducer circuitry. One
such example is a circuit employing analog multipliers
to compensate for off-null bridge nonlinearity.

Finally, analog circuitry can implement analytic or
piecewise-linear approximations to compensate for
nonlinearities exhibiting an arbitrary form (in thermo-
couples and RTDs, for example). Circuits utilizing
general-purpose multiplier/dividers or op amps used as
ideal diodes can also perform satisfactorily. EDN
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Interconnects electronic components without
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L

< / ' RN HIGH RELIABILITY eliminates
[ trouble. “Side-wipe” contacts make

; 5 IC Series
J i 100% greater surface contact with the moderate cost, long life.
ICN Series high reliability general- wide, flat sides of your IC leads for Designed for general test and
purpose sockets. Low insertion positive electrical connection. burn-in up to 350°C.
force allows automatic IC insertion. w® W'rhcg:\tt:c‘tiso
In solder or wire-wrap. 6 to 64 W g P g % 7
contacts. Dual leaf Rt P -
“side-wipe" contacts. R - Bl - l,'“ § i .
” ! . e
-
-~

ICN/S2 Series

ICA Series

high reliability pin
socket contacts. Low
profile in solder

or wire-wrap.

8 to 40 contacts.

lowest cost burn-in

socket available.
"Designed to accept IC
X actlon tool. With 8 to 40
contacts, with strip sockets
up to 25 positions.

WRITE TODAY
for latest R-N “Sho.

... of R-N production DIP sockets. Contains
full specs, dimensions and material data.
Get yours now.

ROBINS ON
NUGENT ING

ROBINSON-NUGENT, INC. ® 800 East Eighth Street® New Albany, Indiana 47150 « Phone: (812) 945-0211

For more information, Circle No 125




Active Filters

Frequency Devices offers ex-
panding families of over
100,000 unique active filters.
These filters are designed to
meet the broadest possible
range of application require-
ments.

e Fixed, tuneable and pro-
grammable frequencies

e Lowpass, Highpass,
Bandpass and Band Reject
transfer functions

e 2 4,6, 8, and 10-Pole
designs

* Tchebyscheff, Elliptic,
Butterworth and Bessel char-
acteristics
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e Passbands from DC to 1
MHz

e Corner frequencies from
0.001 Hz to 50 KHz

For special needs Frequency
Devices manufactures a host
of application-specific active
filters.

e EEG, EKG and EMG for
biomedical work

e (C-Message, Phospho-
metric, FSK, CCITT and PCM
for tele- and data communi-
cations applications

e Anti-Aliasing for A/D
conversion

25 Locust Street, Haverhill, MA 01830
Tel: 617-374-0761 TWX: 710-347-0314

For more information, Circle No 140

e ANSI 1/Nth Octave for
broadcasting, aircraft vibra-
tion and OSHA noise stan-
dards

e Filters for elimination of
powerline interference and
harmonics

* Filters for tone control,
demodulation, comb filter-
ing, phase lock control and
many more.

Frequency Devices designs,
manufactures, and delivers
active filters to industrial,
federal or military specifi-
cation.
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If you need
top-quality
panel
instruments
with a dean,
modern look...

~ Buy
Triplett’s
Series GL
or GL/B

|
i
|
i
|
!
|
{
i

ADE IN BLUFFTON, OHIO, U. 5. A. BY THE TRIPLETT CORI

W7,
\\\\\ ///
R ek
&
D. C. 200

MICROAMPERES

M r=ipLeTr MODEL 320-GL

ADE IN BLUFFTON, OHIO, U. 5. A. BY THE TRIPLETT CORP,

MII.lIAMPERES

Triplett's newest panel instru-
ments, the Series GL and GL/B,
feature glass windows, matte-
finish phenolic cases and a dial
design that can readily accom-
modate multiple scales. They are
available in 32", 42" and
52" sizes.

The GL Series features a stan-
dard 2-stud mount with 3- and
4-stud mounts available.

The feature of the GL/B Series
is behind-the-panel mounting
with a bezel which is an integral
part of the case.

T reeLeTr

GL/B (mounted appearance)

There's a choice of more than
275 stock sizes and ranges — in
DC microammeters, milliamme-
ters, ammeters, millivoltmeters
and voltmeters; AC milliamme-
ters, ammeters, and voltmeters;
RF thermoammeters; dB meters
and VU meters. For those who
need special instruments . . .
custom dials, pointers, scales,
accuracy, tracking, resistance,
response time or practically any
combination of unusual specs
can be put into these new cases.
For quick, dependable delivery

MODEL 320-GL /B

of small quantities of these
adaptable new instruments, con-
tact your Triplett Sales/Service/
Modification Center or distribu-
tor. For prototypes or produc-
tion quantities, contact your
Triplett representative. Triplett
Corporation, Bluffton, Ohio
45817.

T rripLETT
BLUFFTON, OHIO 45817
Manufacturers of the World's

most complete line of V-O-M's

Circle 28 for free demonstration
Circle 29 for more information
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Exploring 16-bit uCs

Increase Z8000 power
with floating-point routines

A unified set of floating-point subroutines in 32-bit binary format
provides the Z8000 with fast arithmetic operations
having up to 7-digit precision.

Robert Grappel, Consultant,
and Jack Hemenway, Consulting Editor

As powerful as today’s 16-bit wPs are in the sense of
providing a full complement of arithmetic operations on
16- and 32-bit operands, they still lack one important
feature: floating-point arithmetic. This capability
proves essential, though, when working both with
extremely large or small values and with fractions.
Minicomputers and mainframes provide floating-point
instructions as part of their hardware, but currently
available 16-bit wPs must employ software to perform
these functions. This article presents such software for
the Z8000.

Four components form a floating-point value

While an integer consists only of a sign and a value, a
floating-point number must also include information
about the position of its decimal point. This decimal-
point information, termed an exponent, is itself an
integer; the floating-point number’s value part is
termed its mantissa and is also an integer. Hence, you
can treat a floating-point number as an integer pair,
comprising two values and two signs.

A few examples from base-10 arithmetic help clarify
these ideas. The number 100 could be expressed in
floating-point notation as 1.E+2. The number sign is
plus (implied), the mantissa value is 1, the exponent
sign is plus and the exponent value is 2. Similarly,
—0.12345 might also be expressed as —12345.E—5.
Here, the number sign is minus, the mantissa value is
12345, the exponent sign is minus and the exponent
value is 5.

You can express any number in this manner. And
because the 16-bit wPs can manipulate signs and
integer values, they can manipulate such floating-point
numbers by properly operating on those numbers’ four
components.

Floating point calls for tradeoffs
This particular floating-point representation is only
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one of many, each with its advantages and drawbacks.
The mathematical capabilities of the particular comput-
er employed affect the design of a floating-point format
for that computer; the demands of the computations
envisioned also affect format choice. The task calls for
four basic decisions.

e First comes the choice of the representation’s
size. The 16-bit wPs manipulate 16-bit words and can
also handle 32-bit double words, so it proves convenient
to use one of these word lengths for a floating-point
representation. But single 16-bit words don’t provide
enough space for all four floating-point components; the
smallest workable representation is thus 32 bits—the
one used here. The drawback of such a 32-bit
representation is that it limits mathematical accuracy;
large computers employ 64-bit and larger representa-
tions to gain that advantage.

e Second comes the choice of the exponent format.
Because the 16-bit pPs readily manipulate byte values,
an 8-bit representation appears optimal; allowing for a
sign bit, this format permits exponents ranging from
—127 to +127. However, because it’s convenient to
employ the first bit of a floating-point value for
representing the mantissa sign (permitting easy
checking of that sign with Test instructions), the
representation described here employs the remaining

BIT 32 BIT 25 BIT 17 BIT9 BIT 1

N

\

N

N

§

N\

N

[ & v &% Lo J
SQ?TN 7-BIT 24-BIT

EXPONENT MANTISSA
IN EXCESS-64

NOTATION

Fig 1—The 32-bit binary representation of a floating-point
value consists of a sign bit, an exponent and a binary-format
mantissa.
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16-bit nPs require software
for floating-point operations

seven bits of the first byte as the exponent. This
approach still allows an exponent range of *=63—
adequate for most problems not involving extremely
large or small numbers.

Note, however, that the 16-bit wPs don’t readily
manipulate 7-bit signed values—a shortcoming dealt
with by the use of excess-64 notation. In essence, this
technique adds the actual value of an exponent (—64 to
+63) to 64; the sum then represents the exponent—and
it’s a positive 7-bit value for all exponents, efficiently
operated on by a 16-bit pP as an unsigned byte.

® The third decision required in constructing a
floating-point representation centers on representing
the mantissa’s sign. As noted, this is the representa-
tion’s high-order bit; to maintain consistency with the
pP instructions, plus denotes a ZERO and minus a
ONE.

® Fourth, the mantissa of the floating-point number
occupies the remaining 24 bits; representing it calls for
several additional choices. Specifically, the mantissa

could be a binary value, or it could be encoded in BCD
format; the latter stores six decimal digits in 24 bits,
while the former handles nearly seven digits in the
24-bit space. Performing BCD arithmetic is somewhat
clumsy with 16-bit wPs, while binary arithmetic is their
forté. But the BCD format makes conversion routines
to and from ASCII simpler, while the binary format
makes the conversions required for floating-point I/0
more complex. However, because I/0 speed is usually
restricted by the I/0 device and not the pP, the extra
processing required for binary conversions is not a
major drawback to the binary representation. Hence,
the floating-point implementation employed here utiliz-
es the binary format (Fig 1).

Hold that precision

Conserving the hard-won bits of precision provided
by a floating-point representation involves always
normalizing the mantissa, i e, shifting it so that its
high-order ONE aligns with the representation’s 24th
bit. Bit 24 is always a ONE in a normalized format, and
some floating-point implementations gain an extra bit
of precision by simply assuming that fact and shifting in
one more bit to realize an effective 25th bit. However,
this representation avoids such an approach in the

SET UP STACK FRAME FOR
18 BYTES OF LOCAL VARIABLES

v

SETUP

PUT ARGUMENTS INTO STACK FRAME

Y

CSIGN = ASIGN XOR BSIGN J

¥

CEXP = AEXP + BEXP

T

MULTIPLY AMANT+BMANT

Y

SHIFT PRODUCT
LEFT 10 BITS
(64-BIT SHIFTS)

Y

STORE HIGH 32 BITS
OF PRODUCT IN CMANT

FMUL2

NORMAL

NORMALIZE AND PACK RESULT

Fig 2—The FMUL subroutine performs floating-point multiplication of two 32-bit arguments.

*
* FILOATING-POINT MULTIPLICATION SUBROUTINE

*

# CALL. WITH ARGA @R10, ARGB @R11, RRO- ARGA#ARGE

*
FMUL. PUSH @R15, R14 SAVE FRAME POINTER
LLD R14,R15 NEW FRAME
SUB R15, #18 18 BYTES OF STORAGE
CALR SETUP SET-UP ARGS
I.DB RHO, NSIGN(R15)
XORB RHO, BSIGN(R15) CSIGN-ASIGN XOR BSIGN
I.LDB CSIGN(R1S5), RHO
I.DB RHO, AEXP (R15)
SUBB RHO, #64 ANJUST AEYXP TO BINARY
I.DB RI.O, BEXP(R15)
SUBB RLO, #64 ADJUST BEXFP TO BINARY
ADDB RHO, RILO CEXP~AEYP + BEXP
JR OV, OVFIX FIXUP OVER/UNDERFLOWS
*
ADDB RHO, #63 ADD IN CEXP BIAS
I.LDB CEXP(R15), RHO
I.D R2Z, AMANT (R15) SET UP FOR MULTIPLY
I.LD R3, AMANT+2(R15)
MUL.TL. BMANT
FDB Z58FO0
FDB BMANT
Sl.l. RR2 SHIFT LEFT 44-BIT VALUE
RLLC K1
RLC RO
Sl.l.l. RRZ SHIFT AGAIN
RI.C R1
RI.C RO
I.DB CMANT (R15), RILO STORE (W/8-BI1 SHIFT)
I.LDB CMANT+1(R15), RH1
L.LDB CMANT+2(R15),RIL1
I.DB CMANT+3(R15), RH2 '
FMULLZ  JR NORMAL NORMALLIZE AND PACK

*
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*
* STORAGE FOR TWD ARGLUMENTS AND RESULT
*

ASIGN
NEXP
AMANT
=

BSIGN
BEXP
EMANT

El)
EQL)
EQL)

FIRSY ARGLIMEN1

N =D

EQL) SECOND ARGUMENT
EQL)

EQL)

WN >

*
CSIGN
CEXF
CMANT
*

*

* SEI
* R10
*
SETUP

EQU 12 RESILLT C~A (OF) B
EQU 13

EQL 14

UF FOR RINARY FLINCTIONS
FOINTS TO FIRST ARG, , K11

LR RHO, @R10

ANDR RHO, #%80

ILDB ASIGN+Z(R15), RHO
I.IN RO, @R10

GET SIGN ("ARGA"")

ANDE RHO, #%/F GET EXPONENT
LLDE NEXP+Z(R15), RHO

CLRE RHO

I.D AMANT+2 (R15), RO GEY MANTISSA

1.0 RO, Z(R10) MANTISSA (WORD

LD AMANT+4(R15), RO

GEN

*
SE1UFZ ILDE RHO, @R11

ANLEB RHO, #%80

LDB RSIGN+Z(R1S), RHO

LD RO, @CR11

GET S1GN ("ARGE")

ANLE RHO, #77F GE1 EXPONENT

ILDB REXP+2Z(R15), RHO

CIL.LRE RHO

LD BMANT+Z(R15), RO GET MANTISSA

LN RO, Z(R11) GET MANTISSA (WORD
1. BMANT+/4 (R15), RO

RE1

POINTS TO SECOND

2) y

2)

Fig 3—SETUP breaks apart the floating-point arguments and stores them on the stack frame.

SIGN OF ARG1
PUT INTO ASIGN

y

EXPONENT OF ARG1
PUT INTO AEXP

Y

MANTISSA OF ARG1
PUT INTO AMANT

SETUP2 >
Y

SIGN OF ARG2
PUT INTO BSIGN

EXPONENT OF ARG2
PUT INTO BEXP

\ 4

MANTISSA OF ARG2
PUT INTO BMANT

Y

interests of simplicity and speed; here, the assumed
decimal point lies to the right of the number’s
high-order bit.

One last choice is required in a floating-point
representation—the exponent base. Most floating-point
representations employ base 2 or base 16; the choice
affects the size of the exponents you can represent. In
base 2, the 7-bit excess-64 exponent format only allows
numbers up to 2% (approximately 1.E+20), while base
16 permits numbers up to 16% (about 1.E+75).

On the debit side, normalization of a base-16
representation shifts the mantissa four bits at a time
because four bits represent one base-16 digit. The
mantissa representation of a base-16 number can thus
contain as many as three leading zeros—lost bits of
precision that don’t occur in a base-2 representation.
Furthermore, base-2 normalization is simpler to
implement on a 16-bit wP, and it executes more quickly.
The bottom line? The implementation shown here
employs base 2.

Illustrating the foregoing considerations with some
examples helps clarify them. In this article’s floating-
point representation, 1.0 becomes 408000005 or
01000000100000000000000000000000. (The sign bit is
zero; the excess-64 exponent is 64—representing 2
raised to the zeroth power; the mantissa is just the
high-order 1.) Similarly, C0800000y is —1, 41C00000y is
3.0 and BD800000y equals —0.125. The maximum value
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possible in this format is TFFFFFFFy; zero is
40000000y.

Implementing re-entrant floating-point subroutines

With a floating-point representation chosen, the task
of actually writing the arithmetic subroutines for it can
begin. Ideally, these subroutines should be interrupt-
ible and re-entrant so that many programs can use them
simultaneously. Modern 16-bit pPs provide sufficient
power to make writing re-entrant code relatively
painless; the main idea centers on storing all necessary
local variables on the stack so that each program using
the subroutines can have its own copy. This approach
also makes the subroutines ROMable—another desir-
able feature.

Handling variable storage on the stack calls for two
pointers. One, obviously, is the stack pointer itself,
which provides the offsets by which the subroutine
variables get accessed. The second pointer aids in
removal of the local variables from the stack when the
subroutine returns; this frame pointer holds the
stack-pointer value required to return from the
subroutine.

Calling a re-entrant subroutine involves first pushing
the value of the frame pointer onto the stack, then
placing the current stack-pointer value in the frame
pointer. Next, you adjust the stack pointer to allow
storage for the local variables used in the subroutine.
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Base-2 representations
provide increased precision

Returning from the subroutine reverses the process.
This mechanism automatically allocates and deallocates
stack space for variables, and each subroutine call
allocates a distinct set of variables.

A practical implementation on the Z8002 pP

To put the foregoing theory into practice, consider
the task of multiplying two floating-point numbers. The
product’s sign is the exclusive OR of the signs of the

multiplier and the multiplicand, and its exponent is the
sum of the exponents of those quantities. Furthermore,
the product’s mantissa is the normalized product of the
multiplier and multiplicand. You can see that the
algorithm is simple to describe, and the power of the
78002 instruction set makes it simple to program.

The subroutine FMUL (F'ig 2) starts by setting up
the stack and frame pointers. (R;; is the stack pointer
on the Z8002, and Ry, is the register chosen here as the
frame pointer.) Eighteen bytes are allocated for local
variables.

The subroutine SETUP (Fig 3) transfers the
multiplier and multiplicand to the local variables. It
takes the first argument (multiplicand), pointed to by

NEED LEFT YES

SHIFT?

SET MAX SHIFT
COUNT =8

r—-»l— ———SHIFTR

SHIFT MANTISSA
RIGHT, SAVE LSB,
INCREMENT
EXPONENT

= = — SHIFTL
K.

SET MAX SHIFT
COUNT =24

v

SHIFT MANTISSA
LEFT, DECREMENT

EXPONENT
EXPONENT ™\ YES
OVERFLOW? \ S OVELW
RETURN MAX
VALUE IN
RRo
DECREMENT
SHIFT COUNT
DECREMENT
SHIFT COUNT
YES
|Lno »1- = UNDFLW
- —— ROUND
RETURN
YES ZERO IN
/ =
NO LSB SAVED ' >l — — NORM3
\ =12 A Y
RESET STACK,
YES FRAME POINTERS
PACK CSIGN, INCREMENT
CEXP, CMANT CMANT
INTO RR,
NO
A
YES
SHIFT MANTISSA
RIGHT
| S —

Fig 4—The NORMAL subroutine finishes the floating-point processing by normalizing the result and packing it into RR,.
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the register Ry, and moves that argument’s sign to
ASIGN, its exponent to AEXP and its mantissa to
AMANT. The second argument (multiplier), pointed to
by Ry, is moved to BSIGN, BEXP and BMANT.
CSIGN, CEXP and CMANT provide space for the
product that FMUL generates. Note that ASIGN,
AEXP and the rest are merely offsets from the stack
pointer, not memory addresses.

SETUP expands a floating-point value to six bytes:
one for the sign, one for the exponent and four for the
mantissa. Note that this routine employs an additional
2-byte offset to allow for the subroutine return on the
stack formed when SETUP is called.

As FMUL executes, CSIGN is set to the exclusive

*

* NORMALIZE AN PACK RESULT INTO RRO
¥*

NORMAL. LD RO, CMANT (R15)
LD R1, CMANT+2(R1%5)
LDE RIL.&, CEXP(R15)
TESTR RHO

JR 7, SHIFL.

MANTISSA INT0O RRO
NDORMZ EXPONENT INTOD RI.&
CHECK SHIFY DIRECTION
SHIF1 LEFT?

*

# SHIFT RIGHT NORMAL.IZE--SAVE CARRY FOR ROUNDING
*

ILDR RHé&, #8 AT MOST 8 SHIFTS
*
SHFTR  SRLL. RRO SHIFT MANTISSA
RRCB RH7 SAVE CARRY BIT
INCB RLé& BUMP EXPONENT
JR MI, OVFLW CHECK FOR OVERFI.OW
*
TESTB RHO DONE YET?

JR 7, ROLUND YES, ROUND IT
*

DR.INZ7 RHé&, SHFTR NO, LLOOP UNTIL DONE
*
* EXPONENT OVERFI.OW-—-RETLURN MAY. VALUE
*
OVFLW 1.D RO, #%Z7FFF
I.D R1, #%FFFF
ORB RHO, CSIGN(R15)

JK NORM3

MERGE IN SIGN
FINISH UP

*

# ROUND OFF VALLUE USING CARRY STATE

s
ROUNLD  TESTEB RH7 CARRY SET IN SHIF17?

JR PL., NOCARY NOD
*
CLLR R2
ADD R1, #1 YES, ROUND UP
ADC RO, R2
TESTEB RHO CARRY OUT?
JR 7, NOCARY NO
»
SRLIL. RRO YES, SHIFY AGAIN

*
NOCARY ORR RHO, RL&
ORB RHO, CSIGN(R15)

MERGE IN EXPONENT
MERGE IN SIGN

NORM3 LD R1S5, R14 RECOVER STORAGE FRAME
POP R14, @R1S RESTORE FRAME POINTER
RET

3

*

* LEFT SHIFT NORMALIZATION HERE

*

SHIFTL. LLDB RHé&, #21 AT MOST 24 SHIFTS

3

SHFTL.1 TESTB RLO CHECK FOR DONE

JR MI, NOCARY YES, FINISH UP
¥*
SLll. RRO
DECR RlL.&

JR MI, UNDFLW

SHIF1 MANTISSA
DECREMENT EXPONENT
CHECK FOR UNDERFILOW
*

DBJNZ RH&, SHFTI.

I.OOP LINTTL. DONE

#* UNLERFIL.OW CONDITION--RETURN 7ERD
3
UNDFILW 1.D RO, #%21000

CLR R1

JR NORM3 FINISH UP
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OR of ASIGN and BSIGN; CEXP, to the sum of AEXP
and BEXP. The excess-64 notation requires some
juggling to avoid byte overflow in the addition; if such
an overflow occurs (i e, the product is too big to
represent), FMUL returns the largest possible value.
(The routine handles underflow by returning the
smallest possible value.)

The Z8002 can multiply two 32-bit values to form a
64-bit product. Here, register quad RQ, (composed of
Ry, Ri, Rz and R;) contains the product of AMANT and
BMANT. Because the mantissas are each actually only
24 bits long, the product contains only 48 bits, of which
FMUL requires the high-order 24. A 9-bit left shift of
RQ, moves these bits into the proper position—the
low-order 24 bits of register pair RR,. Performing 10
shifts gains an extra bit of precision, used in the
normalization process.

Normalization completes the task

The NORMAL subroutine (Fig 4) finishes processing
the floating-point subroutines. It combines the sign in
CSIGN, the exponent in CEXP and the mantissa in
CMANT into a floating-point number in RR,. CMANT
must be normalized so that its highest order ONE is in
bit position 24—a process that also changes the
exponent value.

NORMAL therefore checks the high-order byte of
CMANT for any ONEs. If any are there, CMANT must
be shifted right; if all eight high-order bits are ZEROs,
left shifting is required.

Right-shift normalization might require as many as
eight shifts. Because a right shift is equivalent to a
division by two, the routine increments the exponent
for each shift in order to compensate. It performs right
shifts until bit 24 becomes a ONE or eight shifts have
occurred—the latter limitation necessary because the
mantissa could be a ZERO. (A zero mantissa can be
shifted forever without making bit 24 a ONE.) A check
for exponent overflow also occurs each time the
exponent is incremented.

Right shifts result in a loss of mantissa bits from the
right end of the register pair—an inevitable occurrence
because the format allocates only 24 bits for the
mantissa. However, the last bit shifted out can be
saved and employed to round off the 24-bit mantissa—a
technique that saves one more hard-won bit of
precision.

If the last bit shifted out in a right shift is a ZERO,
it’s ignored; if a ONE, the 24-bit mantissa is
incremented. (Effectively, this procedure constitutes a
round-up operation.) This increment might cause a
propagation of a ONE into bit 25, in which case one
further right shift is required to normalize the
mantissa.

Left-shift normalization occurs at SHIFTL; this
process might call for as many as 24 shifts. But these
shifts cause no loss of significant bits, so no rounding is
required, in contrast to right shifts. Left shifts are
multiplications by two, so the exponent is decremented
for each shift in order to compensate. The routine,
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Floating-point add proves more
difficult than multiplication

however, must check for underflow of the exponent.
After normalization, processing goes to NOCARY.

At label NOCARY, the subroutine merges the sign,
exponent and normalized mantissa into a single 32-bit
value in RR,. It then restores the stack and frame
pointers and returns.

Floating-point addition on the 28002

Floating-point addition proves more complex to
implement than multiplication. FADD (Fig 5) starts
like FMUL, with setup of the two arguments and the
frame and stack pointers. Then, if the first argument is
negative, its mantissa AMANT is negated (two’s
complement). Similarly, if the second argument is
negative, BMANT is negated. It might seem that the

two mantissas could then merely be added, but recall
that they are both normalized. The sum of 1.E+2 and
2.E+1 can’t be directly formed; the numbers must have
the same exponent before you can add their mantissas.
Note, though, that forming the sum of 10.E+1 and
2.E+1 is easy—it’s 12.E+1. To this end, FADD must
determine which argument to scale; it chooses the
smaller one to preserve as much precision as possible.
But also note that if one argument is much bigger than
the other in magnitude, scaling the smaller argument in
this manner might not serve any purpose. Specifically,
if the exponent of the larger argument is more than 24
greater than that of the smaller one, scaling the smaller
argument proves unnecessary—the routine need mere-
ly return the larger argument. (Shifting the smaller
argument more than 24 bits leaves it all ZEROs.)
Thus, adding two floating-point numbers calls for
considering four cases: The first argument could be
much bigger than the second; the converse could be
true; the first argument should be scaled; the second

SET UP STACK FRAME FOR
18 BYTES OF LOCAL VARIABLES

Y

SETUP

PUT ARGUMENTS
INTO STACK FRAME

ARG120?

TWO’S COMPLEMENT BMANT

»| ———FADD4
Y

COMPUTE AEXP-BEXP
COMPUTE |AEXP-BEXD|

|AEXP-BEXP|
>247

NO

COMP2 COMP2
TWO'’S COMPLEMENT AMANT TWO'S COMPLEMENT CMANT

INVERT CSIGN
YES & ARG207 >,
FMUL2
NO
COMP2

——FADD10

——=—FADD5
NO
g ADJUST BMANT
1
FADDT! ADD AMANT + BMANT
———FADD9 YES ¢ ——FADD6 7 CEXP = AEXP
CSIGN =BSIGN CSIGN = ASIGN ADJUST AMANT
CEXP = BEXP CEXP = AEXP ADD AMANT + BMANT
CMANT = BMANT CMANT = AMANT CEXP = BEXP
| 5 Y

. o2

‘ FADD7 ,

Fig 5—FADD performs floating-point addition of two 32-bit arguments.
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should be scaled.

At FADD4, the routine computes the required
scaling; FADD5 checks to see that scaling is necessary.
At FADDS, the first argument is returned unchanged;
at FADDY, the second is returned unchanged. The
subroutine scales BMANT at FADD10 and AMANT at
FADD11. The exponent of the result is then the
exponent of the unscaled argument. FADD7 adjusts the
result’s sign if the sum of the mantissas is negative, and
NORMAL, when called, finishes up the addition.

Other subroutines follow the pattern

Floating-point subtraction is easy to implement with
the foregoing routine—change the subtrahend’s sign
and call FADD. And floating-point division is similar to
multiplication: The result’s sign is the exclusive OR of
the argument signs, its exponent is the difference of
the argument exponents and its mantissa is the
quotient of the argument mantissas.

Converting a 32-bit integer to floating-point format is

also easy—set the sign (CSIGN) to the sign of the
integer while forcing the integer positive, set the
exponent (CEXP) to 23 (in excess-64 format) and store
the integer in CMANT. NORMAL then finishes the
processing, returning the floating-point representation
in RR,. Floating-point absolute value and many other
functions are also relatively easy to implement. EDN

Author’s biography
Robert Grappel is vice president of Hemenway Asso-
ciates Inc, Boston, MA.

Article Interest Quotient (Circle One)
High 479 Medium 480 Low 481

LLDB CEXP(R15), RH2Z
L.LDB CSIGN(R1S), RIL.2

*
®
# FLOATING-POINY ADDITION SURROLTINE
*
* CALL. WITH ARGA @K10, ARGE @R11, RRO-ARGA+ARGE
%
FADD  PUSH @R1S, R11 SAVE FRAME PDINTEK
LD R14,R15 NEW ERAME
SUB K15, #18 18 BYTES OF STORAGE
CALR SETUP SET-UP ARGS
*»
FADDZ CILRB CSIGN(R1S)
TES1B ASIGN(R1S) CHECK ARGA SIGN
JR Fl., FADD3 IF PLUS, 0.K
*
ILD RO, AMANT (K15) IF MINUS, — AMANT
1D R1, AMANT+2(R15)
CALLR COMF2 TWOS-COMPILEMENT
LD AMANT (R15), RO
1.D AMANT+2(R15), R1
*
FADDZ TESTB BSIGN(R1S) CHECK ARGE SIGN
JR PL, FADDA IF PLUS, D.K
*
1.0 RO, BMANT (R15) IF MINUS, — BMANT
I.D R1, BMANT+2(R15)
CALK COMP2 TWOS-COMFLEMEN]
1D BMANT (R15), RO
LD BMANT+2(R15), R1
*
FADDA DB RH&, AEXP (K15)
SUBB RHé, BEXP(R15)  GET DIFFERENCE OF EXPS
ILUB RL.7, RH& COPY DIFFERENCE
EXTSR RH7 MAKE WORD
TESTB RH&
JR FL, FADDS IF PLUS, O.K.
*
NEGE RH6 IF MINUS, NEGATE IT
*
FADDS CFR RH&, #24 WITHIN RANGE (0-23)7

JR ULT, FADD1O
"
#* 0O OF RANGE,
*

TES1 R7

JR MI, FADDY

*
b ]

>> B: REIURN C=A

LD RO, AMANT (R15)
LD R1, AMANT+2(R15)
ILDB RHZ, AEXP(R15)
I.DB RIL.Z, ASIGN(R15)

FADDS  ILD CMANT (R15), RO

I.D CMANT+2(R15), R1

YES

RETURN LLARGEK OF "A" DR “B"

WHICH WAS BIGGER?
IF <0, B>A

STORE VALUE INTO "“C*

FAND7 TES1 CMANT(R1S) FIXUP RESULY SIGN
JR PL, FADDS IF PLUS, O.K
3
LD RO, CMANY (R15) IF MINUS, NEGATE CMANT
I.D R1, CMANT+2(R15)
CALR COMP2 TWOS-COMPILEMENT
I.D CMANT(R15), RO
I.D CMAN1+2(K15), R1
LDB RHZ, CS1GN(K15)  INVERT SIGN
XORB RHZ, #7%80
I.LDE CSIGN(R1S), RHZ
*
FANDS JR FMUL2 NORMALIZE AN PACK
3
# B 3> A, RETURN C-B
*
FADDS 1D RO, BMANI (K15)

I.D R1, BMANT+2(R15)
LLDB RH2, BEXP(R15)
ILDB RL2Z, BSIGN(R15)
JR FADDS

*

*

FADD1O TEST R7
JR MI,FADD11

*
I.LD RO, BMANT (R15)
I.LD R1, BMANT+2(R15)
NEG R7
SDAL. RRO, R7
I.D R2, AMANT (K15)
ADD R1, AMANT+Z(R15)
ADC RO, R2
I.D CMANT (R15), RO
I.D CMAN1+2(R15), R1
LLDB RHO, AEXP(R15)
I.DB CEXP(K15), RHO
JR FADD7

*

FADD11 LD RO, AMANY (R15)
I.D R1, AMANT+Z(R15)
SDAL. RRO, R7
I.D R2, BMANT(R15)
ADD R1, BMANT+2(R15)
ADC RO, R2
L.D CMAN1 (R15), RO
I.LD CMANT+2(R15), R1
I.DB RHO, BEXF(R15)
I.DB CEXP(R15), RHO
JR FADD7

# WITHIN RANGE, SHIF1 SMALLLER NUMBER AND ADD

FINISH UP

A>B?
NO

ADJUST BMANT

CMANT~AMANT + BMANT
CEXP—=AEXP

FINISH UP

ADJUST AMANT

CMANT—AMANT + BMAN1
CEXP-BEXP
FINISH UP
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No!.l-l.is introduces
Precision Voltage References
as good as your systems!

Now, Harris Semiconductor gives you a new family of monolithic voltage references that meet the precision
and accuracy requirements of today’s high resolution data systems—over temperature, over time, over load.

The Harris HA-1600, HA-1610, HA-1615 and HA-1620 are laser-trimmed for precise output voltages
within a few millivolts of nominal value. All devices feature outputs buffered by an op amp with an
uncommitted feedback loop for current drive flexibility and stability under load.

The HA-1600, HA-1610 and HA-1615 are +10 V output devices. The HA-1620is a +5 V reference with
the additional feature that the output can be adjusted 0.5 V.

Accuracies of this line of references go to =1 LSB over full military temperature range for 12-bit systems.

Here's the important bottom line—now you can get a reference that is as good as your system,
with accuracies to better than 1 LSB!

Put a new level of accuracy into your data acquisition system. Specify Harris voltage references.
Prices range from $5.00 for the commercial version of the HA-1615, to $30.00 for the military version
of the HA-1600 (100-999 quantities). Availability from stock.

Call the Harris Hot Line, or write: Harris Semiconductor Products Division, Box 883, Melbourne,
Florida 32901.
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HA-1600 Precision 10 Volt Reference
Temperature Regulated Chip

HARRIS HOT LINE!
1-800-528-6050, Ext. 455

In Arizona: 1-800-352-0458, Ext. 455

Call toll free (except Hawaii & Alaska) for phone number

horized distributor or

T
for complete product listing and specifications.

APRIL 20, 1980

HA1-1600-2
HA1-1602-2
HA1-1605-5
HA2-1610-2
HA2-1610-5
HA2-1615-2
HA2-1615-5
HA2-1620-2
HA2-1620-5

HA-1610/HA-1615

10 Volit Precision Reference

VINO—>
+12v TO 30V

Output
Voltage

Temperature
__Range
—55to +125°C
0to +75°C
—55t0 +125°C
Oto +75°C
—55t0 +125°C
Oto +75°C
+5 o +125°C
+5 +75°C

Harris Technology

—55to +125°C

Package
14-Pin Hermetic Dip
14-Pin Hermetic Dip

14-Pin Hermetic Dip
TO-99 Metal Can
TO-99 Metal Can
TO-99 Metal Can
TO-99 Metal Can
TO-100 Metal Cai
TO-100 Metal Can

... Your Competitive Edge

For more information, Circle No 127

HA-1620 Precision 5 Volt Reference
With Adjustable Output

HEATERO
COMPENSATION

Tempco,
Max.

_(ppm/°C)
1.35

2.70
3.25

3.0
3.0
5.0
5.0
1.0

0

1

O« Os
PRECISION

Line
Reg.,
M.

ax.
(%/V)

0.002
0.002
0.002

0,004

0.004

0.004
0.004

o

output |10

OOUTPUT ADJUST/
NOISE COMPENSATION

Load

Resolution
for 1LSB
Accuracy
0.002 12 Bits
0.002 11 Bits
0.004 12 Bits

0004  10Bits

0004  12Bits |
9 Bits

11 Bits

12 Bits

13 Bits

(4/mA)

0.004
0.004

HARRIS

SEMICONDUCTOR

PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION
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Let yourLSI-I1* Iereuk

In LOCAL mode our memory is functionally just
like DEC memory. But when you run out of
memory space you're not lost. Add an inex-
pensive Bank-Switch Controller (BSC-256) and
you can go to two megabytes. Add another
and go to four megabytes.
So don't get boxed in with other brands of
LSI-11* memory. Break free. Join the family:
RMA-032 32K by 16 bitRAM.  $990
On-board refresh (Single qty.)
RMS-016 16K by 16 bit ROM.  $300

(Intel 2716) (Single qgty.)
BSC-256 The Bank-Switch $300
Controller (Single qty.)

Substantial quantity discounts are available. The
RMA-032 is also available without memory chips for $450
(single quantity). For a free copy of our Bank-Switching
manual, call or write on your company letterhead.

Digital Pathways Inc.

4151 Middlefield Road

Palo Alto, CA 94306

(415) 493-5544
*Registered trademark of Digital Equipment Corporation

'DIGITAL PATHWAYS

For more information, Circle No 128

Withour Bunk-SwiIching family
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ELEC-TROL
SOLID STATE
RELAYS

FLEC TROL

NEW EXPANDED LINE OF SOLID
STATE RELAYS AND DRIVERS

Elec-Trol has expanded its line of solid state relays to in-
clude hybrid and opto-coupled units with ratings from .2 amps
through 40 amps, 10 VAC through 480 VAC. The line also
includes drivers for isolated control of thyristors as well as VDE
conforming relays featuring 8mm spacing input-to-output and
3mm spacing from heat sink to nearest live part.

Two chassis-mounted power switching relays are now offered
—the industry standard “Hockey Puck” and a new DUOTAB"
that is comparable electrically and thermally but physically
smaller and lower priced. Also available are PCB models for
power or low-level switching, 8-pin DIP models, and drivers for
thyristors —with more to come.

Elec-Trol —the leading manufacturer of reed relays for al-
most 20 years—has offered a limited line of solid state relays
for more than 5 years. But now the limits are off. So for both
reed and solid state relays—you can look to Elec-Trol.

Send for our Solid State Relay Catalog.

Elec-Trol, Inc., 26477 N. Golden Valley Road, Saugus, CA
91350. (213) 788 7292, (805) 252-8330, Telex 181151

ELEC-TROL

For more information, Circle no 129

ELEC-TROL
REED
RELAYS

YOUR FIRST SOURCE
FOR REED RELAYS

ElecTrol has a reed relay to fit
almost every application and
budget. That’s probably why no
one else in the United States sells
more dry reed relays than Elec-
Trol. Encased Line, Molded Line,
Blue Boy and Dual Inline Pack-
ages (DIP)—all designed and
built to withstand exposure to
board washing—all IC compatible.
Plus, a versatile relay at low cost,
the Elec-Trol Open Line. For off-
the-shelf delivery, contact your
local distributor.

AUTHORIZED DISTRIBUTORS

ALABAMA HUNTSVILLE

Component Distributors, Inc. (205) 883-7501
ARIZONA TEMPE

Acacia Sales, Inc. (602) 894-2874
CALIFORNIA IRVINE

Acacia Sales, Inc. (714) 549-0954,

(213) 971-2428

CALIFORNIA SAN DIEGO

Acacia Sales, Inc. (714) 565-4365
CALIFORNIA SUNNYVALE

Acacia Sales, Inc. (408) 745-7200
CALIFORNIA VAN NUYS

Patane Avionics, Inc. (213) 988-4455
COLORADO LAKEWOOD

Acacia Sales, Inc. (303) 232-2882
FLORIDA CLEARWATER

Diplomat Electronics, Inc. (813) 443-4514
FLORIDA FORT LAUDERDALE
Component Distributors, Inc.(305) 971-4950
ILLINOIS BENSENVILLE

Diplomat Electronics, Inc. (312) 595-1000
MASSACHUSETTS HOLLISTON
Diplomat Electronics, Inc. (617) 429-4121
MICHIGAN FARMINGTON

Diplomat Electronics, Inc. (313) 477-3200
MINNESOTA MINNEAPOLIS
Diplomat Electronics, Inc. (612) 788-8601
NEW JERSEY EDISON

Brothers Electronics, Inc. (201) 985-3000
NEW YORK MT. VERNON

Kin -Tronics. Inc.

(914) 668-9885

OHIO SOLON (CLEVELAND)

Repco (216) 248-8900

PENNSYLVANIA

HUNTINGDON VALLEY

Shap Electronics, Inc. (215) 322-7150
TEXAS IRVING

Solid State Electronics Co. of Texas, Inc.
(214) 438-5700

TEXAS HOUSTON

Harrison Equipment Co. (713) 652-4750
Solid State Electronics Co. of Texas, Inc.
(713) 772-8510

UTAH SALT LAKE CITY

Diplomat Electronics, Inc. (801) 486-4134

For more information, Circle no 130



“1 went tlat instead of tluiy.”

“As an engineer, | used to get pretty frazzled
whenever I had to use twisted pairs.

Heaven knows, I needed the performance, but
the labor costs drove me wild!

Then one day Dave from Spectra-Strip
stopped by and solved all my problems—he
showed me their new Twist 'N’ Flat®

How fantastic—twisted pairs in a flat cable
with flat, parallel sections that I can mass
terminate wherever I need them on the cable.
(Standard spacing is 18" of twist with 2" of flat,
but if I order as little as a thousand feet
at one time, they’ll put in any spacing [ want!)

Well, let me tell you—this has reduced
termination time by 97% and cut our costs by
36%. I liked their thinking so much, I checked
them out and found that they were a terrific

©Spectra-Strip Inc. 1979

source for all my flat cable
needs—cable, connectors,
and even complete
terminated jumpers and
custom assemblies, fully
tested and ready to go.

If you're as concerned about your intercon-
nect performance and costs as I am, you really
ought to write Spectra-Strip, 7100 Lampson
Avenue, Garden Grove, CA 92642, telephone
(714) 892-3361. In the East, call (203) 281-3200.

But don’t ask for Dave —he’s at home taking

care of the baby”’
See Us At Electro ’80, Booths 1130/1132.

" When you're down to the wire.

For more information, Circle No 131




Lick power-supply heat problems
with good thermal management

Based on the premise that it's better to prevent problems than be forced
to solve them, this simplified method quantifies the heat rise of
a power supply to help forestall thermal woes.

Paul J LaBrie and William D Miller,
Semiconductor Circuits Inc

A few simple calculations can tell you whether a system
and its power supply will thrive or perish when both
share the same enclosure. Based on fundamental
physical laws, the method lets you approximate the
average case-temperature rise of your power supply as
a function of the unit’s power output, efficiency and
package characteristics. By factoring in the supply’s
temperature rise with that measured for the system,
you can determine whether the result exceeds specified
temperature limits.

Note, however, that although this approach warns
you of early catastrophic failures caused by excessive
internal heating, it tells nothing about the extent to
which elevated-temperature operation reduces a sup-
ply’s mean time between failures (MTBF). Here, what
you can’t compute can hurt you (see box, “High
temperatures reduce MTBEF”).

Consider some power-source basics

The appropriate power source for a given application
must satisfy several general requirements:
® Deliver specified dc power, yet produce minimal
rise in case temperature
® Perform to rated specifications within the actual
system environment
® Maintain an acceptable life expectancy under
actual operating conditions
® Fit the mechanical requirements imposed by the
system
® Meet the price/performance criteria set forth for
its function.
To quantify power-supply performance, recall that a
source’s output power is the product of its dec output
voltage and current:

1)

Additionally, input power is the product of instantane-
ous voltage and current averaged over a full power-
input cycle:

Pour = Vour X Iour-

|
Pocapil e % f VOIb)dt. @)
0
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(Usually, an electrodynamic wattmeter provides suffi-
cient accuracy to measure Py for either line-operated
power supplies or de/de converters. See EDN, October
5, 1979, pg 129 for more details.)

Defining efficiency as the ratio of output to input
power expressed as a percentage results in

7 = 2oUT 1009 3)

Pix
All practical power sources exhibit internal power
losses that transform into heat, generating the
all-too-familiar case-temperature rise. Power trans-
formers, rectifiers, regulators and electronic switches
make major contributions to these internal dissipative
power losses, producing a total loss expressed as

Ppiss = Py — (4a)

POUT-

Thus, the difference between a supply’s input and
output power determines its internal power dissipation,
which in turn produces a temperature rise.

The power-dissipation relationship expressed by Eq
4a becomes more useful when expressed in terms of

THE INS AND OUTS OF THERMAL MANAGEMENT

AMBIENT TEMPERATURE (T,)
HEAT INPUT FROM OPERATING
ENVIRONMENT

DISSIPATED POWER (Pp,ss)
TRANSFORMS TO HEAT

Zz5

o T

xn o

w

zZ E’o

g3 ws

’5&5 : w: g_l

o N apP

zy = SURFAGE Anm%g%“ S5ax
B BY LENGTH (L), [ ‘g
a ’ ﬁNDHE’Gm 88

A QUICK THERMAL-MANAGEMENT REVIEW
EFFICIENCY (1) = Poyr/Pyy X 100%

B 1-—
Poiss = Pin — Pour = -2 — Poyr = pouv( ) — Ppiss PRODUCES

n
SELF HEATING ARISINC FROM INTERNAL LOSSES

. _ DISSIPATED POWER _Ppiss
%DISs = GASE SURFACE AREA ~ —A DEFINED AS UNIT

POWER DISSIPATION IN WATTS PER SQUARE INCH.

RADIATED ENERGY LOSS
CASE SURFACE AREA A FUNCTION OF SURFACE

AREA AND ITS HEAT-EMITTING CAPABILITIES (SEE TEXT)

PENCL =

1™



Hot-running supplies lead to
dissipation problems and low MTBF

efficiency (n) and output power:

1 - 7)). (4b)
With Ppiss now a function of known or easily measured
quantities, you can define ¢piss as the unit power
dissipation in watts per square inch:

PDlSS

bpiss = A

Ppiss = POUT

(4¢)

where A represents the power source’s surface area
(usually that of the case), which radiates its internally
generated heat to the surrounding environment.

In Fig 1, curve A indicates the surface-temperature
rise of an enclosure as a function of ¢p;ss for a nominal
enclosure-surface emissivity of 0.9. Curve A closely
conforms to Stefan’s Law, which describes the rate of
radiant-energy emission from a body’s surface:

R = a(T; — T (5a)

where er is emissivity (a dimensionless ratio), T; and T,
are the absolute temperatures of the power source and
ambient, respectively, and o is a constant. In a 23°C
(300°K) ambient, a dimensionally modified form of Eq
5a results in

R = (7.34 x 107")e(T; — T

(5b)

with the temperature difference (T,—T,) expressed in
degrees Celsius.

Adjust the theory for practical uses

Again referring to Fig 1, note that curve B, a
straight line with a slope of 125°C/W/in.?, closely
approximates curve A. Given a power source’s output
power, efficiency and geometry and assuming a surface
emissivity of 0.9, it becomes a simple exercise to
calculate the source’s average case-temperature rise.

Example 1: Compute the average case-temperature
rise of an encapsulated modular power source that
operates at 75% efficiency when delivering 24W of
output power. The package measures 5.5 in. long, 3.5
in. wide and 1.25 in. high; emissivity specs at 0.9, and all
six surface areas radiate heat.

Solution: Knowing that Ppss, the internal power
dissipated by the source, generates the case-
temperature rise of interest:

1. Calculate Ppiss as expressed in Eq 4b:

E POUT(1 7_7 1

)

24w<1—6‘$§5~) — 8W

PDISS

2. Calculate the radiating surface area:

A = 2[(LW) + (LH) + (WH)]
2[(5.5 % 3.5) + (5.5 x 1.25) + (3.5 x 1.25)]
61 in2

([l
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Fig 1—An enclosure’s surface-temperature rise as a
function of its unit power dissipation &pss (assuming 0.9
surface emissivity) becomes easy to compute when using
curve B—a linear approximation of the actual thermodynamic
curve A.

3. Calculate the average case-temperature rise (Afc)
using the straight-line equation of Fig 1:

128 -8 _is4c

= 125°C
A 5 JEE L
8/in2 61

B = W X (Pmss/A) =

The value of AT in this example applies to a specific
encapsulated modular power supply manufactured by
Semiconductor Circuits Ine; thermocouple measure-
ments averaged over the case surface area yield a
measured AT: in close agreement with the value

High temperatures reduce MTBF

Because power-supply manufacturers possess the
schematic and parts list for each of their product
designs, only they can calculate each product’s
reliability in terms of MTBF and the reduction in
MTBF with increasing temperature. For example,
the MTBF of one commercially available power-
supply family decreases by about 2500 hrs/°C
between 25 and 55°C and by about 3000 hrs/°C
between 55 and 71°C. These figures are unique to
the product in question, though, so don’t consider
them generally applicable.

Operating in a 25°C ambient, these power
sources are rated at 100,000 hrs MTBF. Now
suppose one of the units must operate in a system
enclosure that maintains an equilibrium temperature
of 55°C. Operation at this elevated temperature
decreases the supply’'s MTBF to approximately
25,000 hrs—a whopping 75% loss of reliability for a
30°C temperature rise.

EDN APRIL 20, 1980



computed in Example 1. However, the method
described works equally well for other package
configurations, provided you evaluate the geometry
and thermal characteristics of each design.

Allowing for these characteristics yields a general
method for estimating the average case-temperature
rise of a power source with known efficiency (n),
radiating-surface area (A) and output power (Pour).
First, use Eq 4b to calculate the unit dissipated power
in watts. Then calculate the radiating-surface area of
the package in square inches. Next, using Eq 4c,
calculate unit power dissipation in watts per square
inch. Finally, calculate the average case-temperature

rise in degrees Celsius:
1-7
125oc POUT ( ) )

T W A (6)

125°C
ATc = W/ in.2 X bpiss

where 125°C/W/in.? is the linear approximation of the
slope of curve A in Fig 1.

Note that you can easily determine any of the four
key parameters involved in these thermal-management
calculations in terms of the remaining three. Specifical-
ly, it’s easy to transpose Eq 6 to solve for one of the
other three parameters of interest:

Radiating-surface area—

A 125°C g P(ET (1 = 7)) (7a)
W/in.2 AT\ 7
Output power—
b 4| AAT. b
Por = (725 (z5°) o
Efficiency—
1
= — 7
m % AAT, (7¢)
(125)Poyr

These equations serve as useful cross-checks to confirm
that you’re managing heat as well as you think you are.

Example 2: Suppose you're considering a 20W power
supply which claims 80% efficiency and exhibits an
average case-temperature rise of 10°C. What must the
surface area be?

Solution: To meet these requirements, Eq 7a demands
a radiating-surface area of

A= wins (10c) (o8 )
250

Now compare this figure to the surface area of the
power source you're evaluating.

If you’re evaluating an encapsulated modular power
supply or de/de converter, it’s usually safe to assume
that all surfaces radiate. Additionally, the solution to
Example 2 assumes that the stated efficiency value is

EDN APRIL 20, 1980

valid for all conditions of interest. In practice, though,
remember that efficiency generally varies with input
and load conditions; the solution varies accordingly.

If A for the evaluated supply is significantly less than
62.5 in.?, that supply might be touted as providing
“more watts per cubic inch” while operating with an
excessive case-temperature rise. Such performance
increases the likelihood of premature failure of both the
supply and any system that shares an enclosure with it.
To avoid this situation, demand a lower temperature
rise per watt of output power—an approach that calls
for appropriate values of radiating-surface area and
efficiency.

Graphical solutions are all in the family

As an alternative to computing all the heat-
management variables required for an application, Fig
2 displays a family of solutions to Eq 6; these curves
relate average case-temperature rise to efficiency, with
unit output power a parameter. A hand-held calculator
also provides quick and easy solutions to Eq 6, making
it equally simple to generate additional curves or solve
for a single set of conditions.

The range of operating conditions spanned by Fig 2’s
curves covers many applications, and graphical addition
allows you to derive values of AT that correspond to
equivalent curves for which ¢bouyr can range between 0.1
and 2.2W/in.%. Fig 2 shows an example in which the
constant-efficiency line for n=50% intersects the 0.1
and 0.2W/in.2 curves at ATc=12.5°C and 25°C, respec-
tively. The result is the sum of the two average
temperature rises:

AT+ AT=12.5°C+25°C=3817.5°C.
Although this value happens to coincide with the
0.3W/in.? curve, you can compute between-curve values
just as simply.

The curve family solves problems

In addition to providing specific Eq 6 values for a
given set of parameters, the curves of Fig 2 display
trends and can point out limits beyond which thermal
management becomes a dubious proposition. The
following example illustrates how useful Fig 2’s curves
are.

Example 3: You wish to predict the average case-
temperature rise of an 80%-efficient switching power
supply. It delivers 5V dc at 12A and occupies a package
having 60 in.2 of radiating surface area and an emissivity
of 0.9.

Solution: To utilize Fig 2, first calculate dour:

_ Eour X lour _ Pour _ 5 X 12
d)OUT T A e A = 60

Now refer to the 1W/in.2 curve and follow it to the
80%-efficiency intersection. The average case-
temperature rise corresponding to 80% efficiency and
¢OUT=1W/in.2 is 30°C.

= 1W/in.2

Suppose you consider this example’s temperature
193



Good thermal management avoids
nonuniform surface temperatures

rise excessive and want to halve it. Fig 2 shows that if
you halve the output power while efficiency remains at
80%, you also halve the temperature rise; the curve
labelled ¢our=0.5W/in.? now describes the supply’s
thermal behavior. Other alternatives include increasing
efficiency and/or radiating-surface area.

If Fig 2 contains neither a curve nor a graphically
additive value equal to your computed doyr, merely plot
the computed value on the appropriate vertical
constant-efficiency line and note its distance from the
curves that bound it. For example, a computed boyr of
0.15W/in.” lies midway between the curves labeled 0.1
and 0.2W/in.2, For a 50%-efficient supply, a AT of 18°C
is a reasonable approximation, inasmuch as the value
computed by Eq 6 equals 18.75°C. In practice, regard
the temperature increases obtained by the algebraic or
graphical methods presented here as boundaries that
mustn’t be crossed and that should, in fact, be given the
widest possible margin.

Utilize these methods carefully

When you apply the methods described in this
article, realize that many factors affect the accuracy of
the solutions obtained. To get valid plotted results, for
example, the specified efficiency must be accurate, free
space must be available for radiation and all radiating

surfaces must be equally efficient as dissipators.

Remember when specifying efficiency that it can
vary with changes in either input or load conditions; use
the actual efficiency value achieved by a supply under
the operating conditions in question when solving Eq 6
in its algebraic or graphical form. You might have to
measure input and output power to determine efficien-
cy if the manufacturer doesn’t provide sufficient
information.

Without forced-air cooling, a supply’s efficiency and
radiating-surface area determine the average case-
temperature rise for any permissible power output.
Thus, the laws of thermodynamics and electronics
establish a power source’s package size. As a rule of
thumb, assume that power sources requiring no
derating over the standard operating-temperature
range (typically 25 to 71°C) wusually incorporate
effective thermal management.

A standard range can vary

Bear in mind when applying this rule, however, that
the definition of operating-temperature range can differ
among power-source manufacturers. One manufactur-
er, for example, might specify temperature range
relative to ambient conditions, while another specs
behavior relative to the case temperature. A vaguely
defined temperature reference creates problems by
implying greater thermal ruggedness than really
exists, leading to supply misapplication and early
failures induced by excessive thermal stressing.

Fig 3 illustrates three types of thermal behavior.
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Fig 2—These curves solve for case temperature, using known parameters of n, A and Pouyr.
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Curve A displays the thermal capability of a power
source that delivers full rated output over the —40 to
+70°C ambient operating-temperature range. Because
this unit requires no derating within its specified
operating environment, it serves as a predictable and
easy-to-use system component.

Curve B applies to a power source that requires
derating but is still specified relative to ambient
conditions. For it, output derating must begin at 40°C
and requires a 1%/°C derating factor. Provided derating
conditions are clearly specified, this source also
warrants consideration as a viable system component.
The need for derating, though, indicates a higher
internal temperature rise and probably somewhat
reduced reliability.

For curve C, the power source carries a specification
based on permissible case-temperature rise rather than
ambient temperature. This specifying method’s validity
relies upon a clear declaration of its use and a clear
definition of its limits. For example, a power source
described by curve C could be specified over an
operating-temperature range of —40 to +100°C. This
apparently broad range becomes less impressive when
you note that the source requires output derating above
0°C ambient and that you must derate power output to
zero at the 100°C ambient-temperature extreme.

The moral is clear. If you’re informed that a
specification refers to case temperature and a graphical
or verbal statement clearly defines the derating curve,
you're dealing with a properly specified power source
having predictable thermal requirements.

But keep your guard up against implied performance
characteristics. For example, Fig 3 clearly shows that
the power sources described by curves A and B require
significantly less derating than the source described by
curve C. However, the curves say nothing about the
advisability of prolonged operation at or near the
high-temperature limit. Because MTBF decreases with
temperature extremes, you’ll get the best reliability
from a source by operating it in a moderate thermal
environment, avoiding both high- and low-temperature
extremes. (Extremely low temperatures can cause
component failure arising from mechanical contraction,
as well as condensation and reduced performance
because of degraded transistor gain.)

Note that many respected manufacturers of 100W-
and-above power sources specify their products relative
to permissible case-temperature rise. No problem
ensues, because they explicitly state the temperature
reference and fully define any need for derating, cooling
or heat sinking.

Cool can be hot

Another thermal-management consideration rele-
vant to power sources arises when a packaged source is
enclosed with other system components. A source
operating in the still air of a system enclosure can be
approaching its melting point while the outer surface of
the enclosure barely seems warm to the touch. As is
true with a power source alone, an enclosure’s internal
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Fig 3—Power-supply temperature specs can be stated
relative to ambient or case temperatures. If you assume the
wrong reference, though, the supply will probably go up in
smoke. A, B and C refer to supplies exhibiting three different
temperature characteristics (see text).

temperature rise and the area and emissivity of its
outer surface rank among the main factors that
determine its surface-temperature rise.

Example 4: Place both a 40%-efficient, 8W power
supply with 40 in.? of surface area and the circuitry it
serves in an enclosure having 200 in.? of surface area;
all surface areas exhibit an emissivity of 0.9. Find the
average surface-temperature rise of both the enclosure
and the supply.

Solution: With regard to the enclosure, its surface-
temperature rise results from heat generated by both the
power supply’s internal dissipation and the load
dissipation (assuming no other heat-contributing ele-
ments). Under these assumptions, the enclosure-
temperature rise becomes proportional to the sum of
Poiss and Poyr:

8W
04 = 20w

P
P = =2 = Ppgs + Poyr =

Because the supply operates within the enclosure,
outputting its heat to the enclosure walls, the supply
becomes the source of unit output power:

L, PIN _Pour/n 5 20W
Pour = e ~ 200 in.?

AENCL

Either Eq 6 or the doyr=0.1W/in.2 curve in Fig 2 yields
an average enclosure-temperature rise (ATCENCL) of
18.75°C.

Either Eq 6 or Fig 2's graphical approach gives the
average power-supply case-temperature rise
(ATcgyppLy) a@s 37.5°C.

To compare the average temperature rise of the
supply with that of the surrounding enclosure, note the
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Cool can be hot—if you bury a
compact supply in a big enclosure

following relationships:

ATCSUPPLY

ATCENCL

o d)OUTSUPPLV

8
(bOUTENCL ( )

b Pour/AsuppLy
Pout/mAence

g pAENCL_
ASUPPLY
Comparing the previous solutions for average case-
temperature rise with the equivalent equation just
derived produces
MNAenct _ (0.4)(200 in ?)

ASUPPLY 40 In '2

ATCSUPPLY

ATCENCL

Note that increasing values of Agnc. increase the
proportion by which the power supply’'s average
case-temperature rise exceeds that of the enclosure.

Utilizing an enclosure with a surface area much
greater than the supply’s, however, can mask a severe
problem. If, for example, brncr is Y0 of dsuppry, the
supply’s temperature can rise to catastrophic levels,
even though the enclosure’s surface-temperature rise
might be barely discernible. For this condition, Eq 8
calls for a 10:1 ratio between ATCSUPPLY and ATcgyq,,
making AT =10AT ¢y

Allocate enclosure space carefully

Power sources installed within enclosures also
prompt several other considerations. To begin with, the
internal layout of an enclosure that doesn’t employ
forced-air cooling must encourage the free flow of
convective currents, particularly around the power
source. Moreover, both energy conversion and the
load’s dissipated power generate heat, which the
enclosure must shed efficiently to minimize its internal
temperature rise. To avoid enclosure hot spots,
therefore, never cram system components that dissi-
pate significant amounts of power into corners or allow
adjacent components to block airflow. Wherever
possible, isolate heat-generating system components
from one another; try to locate them so that a nearly
uniform average temperature rise exists over the
enclosure’s outer surface.

Additionally, when mounting heat-generating com-
ponents inside a system enclosure, orient each compo-
nent to maximize heat transfer from it to the system
environment. If, for example, a function module’s
heat-generating components reside near its top surface,
that surface should face the top of the enclosure. Also,
ensure that the radiated heat doesn’t flow into an
adjacent system component or into the power source
itself.
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Expect absolutely no absolutes

When you apply the methods presented in this
article, be aware that despite the fancy curves and
rigorous-appearing equations, the methods do contain
approximations. Specifically, the analysis linearizes
Stefan’s Law and then assumes that all radiating
surface areas exhibit emissivities of 0.9. In addition,
the examples involve only encapsulated modular power
sources because of their clearcut geometry.

The linearization and the resulting Eq 6 provide
results accurate to within 5% of the exact values over
the range of 0 to 0.4W/in.2—sufficiently close for most
applications. Of course, not all materials have an
emissivity of 0.9, but most of those used for electronic-
system enclosures come remarkably close. If in doubt
about an enclosure material you’re considering, by all
means investigate. And for power sources not packaged
in encapsulated modules, determine the thermal
characteristics from the specifications and/or by
contacting the manufacturer.

Finally, the temperature-averaging technique used
here involves a further approximation—temperature
gradients do exist in power sources. But proper design
should minimize them sufficiently to validate computed
averages. To dispel uncertainties, you can always
perform simultaneous multipoint surface-temperature
measurements of a source (or of an enclosure’s internal
temperature profile), using suitable resistance-
temperature devices. EDN
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Beckman breaks the cost barrie
in thin-film networks.

Now you can get the precision perfor-
mance of thin-film networks at the low
cost of metal-films. Our large volume
production and extensive experience
in resistor networks makes this low
cost possible.

Our 14-and 16-pin DIP’s, models
699 and 698, with their close ratio
matching and exceptional temper-
ature tracking, have the high
performance of matched re-
sistor sets, yet the per
resistor price of indi-
vidual discretes.

Using Beckman thin-film resistor
networks results in more savings than
just their direct cost, however. You
also reduce component count, assem-
bly costs and inventory levels.

Finally, thin-film networks can ease
your reliability worries with their long-
term accuracy and temperature stabil-
ity. Whether you’re using wirewound
or metal-film resistors, Beckman’s

thin-film networks
offer you a supe-
rior alternative.
In both perform-
ance and cost.
Call your local
Beckman repre-
sentative today, or
write: Network
Products Operations,

Beckman Instruments, Inc., 2500
Harbor Blvd., Fullerton, CA 92634.
In Europe write: Beckman Instru-
ments (Belgium) S.A., 14, Avenue
Hamoir, 1180 Bruxelles, Belgium.
Telex: 23577
« Low cost. ..comparable to metal-
film discrete resistors.
* 1% to 0.1% resistor tolerances
available.
* 0.1% ratio accuracy.
+50 P/10°/°C tempco for improved
environmental stability.
+5 P/10°/°C tracking.
Saves cost in manufacturing, stock-
ing and inspection.

BECKMAN

For more information, Circle No 132




Rockwell announces
in-circuit emulation at evaluation
board prices.

AIM 65-based Desktop Development Center cuts cost
of R6500/1 family software and hardware design.

JENES

Rockwell International an-
nounces a microcomputer devel-
opment system with in-circuit
emulation at the price of most
evaluation boards. The heart

of this Desktop Development
Center is the AIM 65 Advanced
Interactive Microcomputer with
full alphanumeric keyboard,
printer and display.

AIM 65 connects to Rockwell’'s
System 65-bus-compatible
Motherboard* R6500/1 Person-
ality Module and additional RAM
card to achieve in-circuit
emulation of Rockwell’s R6500/1

single-chip microcomputer.
The result: economical micro-
processor evaluation, develop-
ment, debugging and more.
That’s Rockwell Micropower!

AIM 65'’s resident Text and
Symbolic Assembler Editor
speed program development.
And the Debug provides trace,
edit, and breakpoint to trouble-
shoot software and hardware.
An optional high level design
language, PL/85, is available.

But the AIM 65 Desktop
Development Center is more
than just a development tool.
Engineers use it as a self-
studyeducational microcom-
puter, as a professional
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printing microcomputer using
BASIC, and as an OEM
standard board computer.

The AIM 65 expands to in-
clude additional Rockwell RAM,
PROM and ROM cards, and Rock-
well Bubble Memory, as well as
bus-compatible analog and
solid state relay products
from Burr-Brown, Compas Micro-
systems and others.

For more information contact
your local distributor or write
or call AIM 65 Marketing,
Electronic Devices Division,
Rockwell International, P.O.

BOX 3669, RC55, Anaheim, CA
92803, (714) 632-3729.
*Compatible with EXORciser® and Micro-

module bus. EXORcisor® and Micromodule
are trademarks of Motorola, Inc.

Rockwell International

..where science gets down to business

For more information, Circle No 133
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6800 EXORciser Users...

YOUR DREAM
OF MEMORY EXPANSION
HAS JUST COME TRUE

™
The new STORAGE DEMON
Memory System brings you high
performance 10 Megabyte storage
capabilities for your EXORcisor I,
II, or III system. This high speed,
high reliability Winchester
technology system means virtually
trouble-free operation in almost
any environment.

The STORAGE DEMON is
fully supported by SOFTWARE
DYNAMICS’ new SDOS interrupt-
driven disk operating system. It
features:

[J Keyboard Typeahead

[0 Automatic Disk Read-

ahead

[J Automatic Disk Sector

Pooling

[J Dynamic Files With Ran-

dom Access To Byte

[J Complete Device In-

dependence

EDN APRIL 20, 1980

™

SDOS supports EXORdisk I,
II, and III, and permits you to use
your existing floppy disk drives for
additional memory storage and/or
as back-up for the Winchester hard
disk. The STORAGE DEMON
utilizes the field-proven, depen-
dable LOBO DRIVES INTERNA-
TIONAL 10 Megabyte hard disk
and controller and comes with the
famous LOBO DRIVES 1 year,
100% warranty.

Make your dream of expanded
memory come true...Write, call or
mail the coupon today.

=)

SOFTWARE DYNAMICS
2111 W. Crescent, Ste. G/Anaheim, CA 92801

(714) 635-4760

[ e

EDN 4/20/80

i You've got my attention, tell me more about: [J STORAGE
I DEMON Memory System [] 6800 Development Software
| O SDOS [J MDOS Simulator Pkg. [J BASIC Compiler
¥ J EDIT O ASM
| Name Title
I Company
Address
i City, State, Zip
I Phone
L

L—----

Quantity Discounts Available — Dealer Inquiries Invited

EXORcisor and EXORdisk are trademarks of Motorala, Inc.

For more information, Circle No 134
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Outpost 11 has OEM
written all over it. Get it
into your system.

TANO’s Outpost 11
is a highly flexible, easily adaptable
mlcrocomputer capable of handling virtually any control,
communications, or stand-alone small business computing application.
Two points make it the outstanding choice for incorporation into OEM systems:

Cost. TANO'’s high-volume production means Outpost 11 is available at
a most attractive price, with multi-unit discounts.

Reliability. Modular design using
military/industrial grade components yields 6060-hour MTBF performance

Add to that the finest software tools and a variety of interface options
(serial line, parallel, digital acquisition or analog acquisition) and you have
the most versatile microcomputer in its price range.

If you're an OEM, Outpost 11 has your name written all over it.

See your nearest TANO representative and get it into your system

TANO Corporation, 4301 Poche Court West, New Orleans, La. 70129

For more information, Circle No 135
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Asynchronous-sampling method
simplifies dual-port memories

By increasing memory access speed, an innovative multiport-memory design
overcomes the complex arbitration and synchronization constraints
usually imposed on processors or peripherals.

Robert W Schmidt, Texas Instruments Inc

If your system processing application calls for two or
more devices to share a multiport memory, don’t feel
that you're confined to conventional techniques and
their inherent shortcomings (see box, “Traditional
memory-sharing techniques”). The asynchronous-
sampling shared-memory method described in this
article operates independently of attached devices,
grants virtually instant memory access and obeys
simple timing rules.

The technique easily handles such varied memory-
interface applications as processor-to-processor connec-
tions and links between processors and CRT displays,
disc controllers or ADCs. Although this article focuses
on dual-port memories, you can readily expand the
method to accommodate additional ports.

Asynchronous sampling quickens memory speed

Basically, an asynchronous-sampling dual-port mem-
ory system consists of a shared-RAM array, input

multiplexers, input sampling latches and output latches
(Fig 1). The output latches are clocked at the end of
every other memory cycle, while the input latches are
clocked at the beginning of every memory cycle. The
input multiplexers alternately connect the data,
address and control lines from ports A and B to the
shared RAM.

To determine the minimum clock rate that permits
nearly ideal multiport operation, make the following
assumptions: Attached devices A and B operate
asynchronously, and device A—the faster of the
two—has a memory-access-time requirement of tac
(Fig 2a). Note, too, that device Read and Write
cycles designate simple Start/End sequences. At the
beginning of either a Read or Write cycle, the data,
address and control buses contain valid information. At
the end of a Read cycle, stable Read data becomes
available. Similarly, at the end of a Write cycle, the
data-bus contents have been fully stored at the
addressed locations. Finally, assume that in a manner
mutually asynchronous to devices A and B, the

READ BUFFER A

INPUT
DATA A
PORT A TO | _ADDRESS A
DEVICE A | CONTROL A

CONTROL B
ADDRESS B

PORT B TO
DATA B

DEVICE B

INPUT
LA

| ADDRESS , K

OUTPUT LATCH B

CONTROL ,C

T

READ BUFFER B

ports A and B for data, address and control transactions.

Fig 1—In an asynchronous-sampling dual-port memory system, devices A and B do not compete for access to the shared RAM
array. Instead, under precise clock timing, input multiplexers and input and output latches alternately allocate memory access to

LU

MULTIPORT =L
OSCILLATOR
AND TIMING =T
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Current techniques inflict rigid
access rules on shared memory

multiport sampling oscillator functions at a 50% duty
cycle.

For a memory Read cycle in which the clock’s
sampling edge (Fig 2b) just misses the start of device
A’s access cycle (At exceeds 0), the next port-A cycle
must complete before tic’s trailing edge occurs.
Consequently, as At approaches 0, 3tsampre approaches
tac. You thus need at least two complete port-A cycles
for the shortest possible device-A access cycle. (These
conditions closely resemble those of the sampling
theorem, which states that the sampling frequency
must be at least twice the signal frequency.) Because a
port-B cycle occurs between the two port-A cycles,
however, tsampLe actually becomes less than %tc. (You
can conveniently extend this analysis to n ports, where
tsampLe becomes less than [1/(n+1)]tac.)

Recall that all inputs are latched at the beginning of a
memory cycle; therefore, a memory Write cycle can
complete after device A’s access cycle has ended (Fig
2¢). In this case, at least one clock sampling edge must
occur asynchronously during the access cycle—a
requirement guaranteed by forcing two or more
sampling edges during any tac (Write) period. Although
many CPUs provide short Write Enable signals, a 2:1
sampling rate achieves a much shorter tac.

Dual-port design supports timing concepts
Turning from the theoretical to the real world, note

that the system components that permit a single RAM

array to function as a multiport memory also add

propagation delays to all signal paths. Thus, you must
subtract these delays from tsampre to obtain the
practical timing value for a memory chip’s access cycle.
Likewise, bus and decoder delays effectively reduce a
device’s access time (tac).

Although the dual-port prototype described in this
article utilizes a Texas Instruments TM 990 format
card, the design works with virtually any CPU system
whose access-time requirements exceed 330 nsec. The
TM 990 8k-byte card contains 70-nsec 4k-bit static
RAM chips. Allowing for worst-case input-latch
propagation delays and output-latch setup times, a
memory cycle executes in less than 95 nsec—and at
room temperature, as fast as 83 nsec. Because three
memory cycles are needed for one Read cycle, a
250-nsec CPU access time results. To assure safe
operation over a wide temperature range with
worst-case devices, however, and to accommodate
commonly available oscillator crystals, this design
employs 110-nsec memory cycles to obtain a tsc of 330
nsec—fast enough to handle most uPs.

Because the multiport oscillator frequency depends
on tac, the sampling rate becomes 1 cycle per 110 nsec
or 9 MHz. You can implement a 50% - duty - cycle
system clock by dividing the output of an
18 - MHz oscillator by 2. To settle
the input - latch .data far in advance of clocking,
the circuit’s input multiplexers select each port 90° out
of phase from the input sampling clock. This key timing
innovation realizes a simple, CPU-independent dual-
port memory design.

Memory card handles diverse applications

In a straightforward processor-to-memory dual-port
application, you connect the 8k-byte memory card’s

Traditional memory-sharing techniques

Commonly employed dual-port
techniques severely limit the per-
formance of the two devices
sharing memory. For example,
one dual-port technique (priori-
tized access) multiplexes the two
devices’ address, control and data
buses by assigning priorities.
When the high-priority device
accesses the shared memory, it
always gets control of the multi-
plexer. Meanwhile, the low-priority
device idles until the high-priority
device releases memory control.

Low-cost CRT display terminals
employ prioritized-access ar-
rangements that allow the high-
priority CPU to control the low-
priority video-refresh logic. Unfor-
tunately, though, when a CPU
request overrides the video logic

during character readings, ran-
dom glitches appear on the
screen. A CPU request during
video blanking, however, prevents
these glitches. Because glitches
and access limitations restrict
performance, high-cost graphics
displays rely on a dedicated CPU
or employ a local CPU for syn-
chronous dual-port operation.

A second common dual-port
technique (arbitrated access) uti-
lizes arbitration logic to determine
which of two devices needs
memory service first. This logic
provides Ready/Wait signals to
the devices to avoid conflicts
between access requests. But
because some processors and
peripherals can't enter a Wait
state, the arbitrated-access meth-

od doesn’t suit many memory-
sharing applications. (In an ex-
ception, though, clever design of
an arbitrated dual port on the Intel
iSBC 86/12 permits two CPUs to
access one memory with a maxi-
mum of one Wait state.)

A third traditional dual-port
technique (synchronous access)
enables two CPUs to generate
concurrent requests for shared
memory in a complicated timing
arrangement. This approach is
device dependent, however—only
a few wPs, such as the 6800 and
6502, exhibit suitable timing pa-
rameters. These wPs furnish fixed
periodic intervals during which
memory access cannot take
place—thus permitting inter-
leaved memory sharing.
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port A (P, connector) to a TM 990 CPU bus (Fig 3a).
The uncommitted port B interfaces through the 40-pin
P, connector.

You can configure ports A and B for 8- or 16-bit
operation as either byte- or word-organized memory.
Address decoders for both ports allow memory
mapping at any 8k-byte boundary in the 64k address
space, and because the decoders perform independent-
ly, the same information block can appear at different
locations.

Three 990 CPU output signals direct each port’s
operation: Memory Enable indicates that a. valid
memory address is currently available, Write Enable
strobes data into shared memory and Data Bus In
specifies the direction in which data can flow through
the dual-port data-bus buffers. Assure CPU indepen-
dence by disconnecting all processor-dependent timing
signals, such as Memory Ready and Wait State
Indicator.

To reduce transmission-line effects, terminate all
port-B lines. Use a ground-shield cable to connect
port B to device B if the cable distance exceeds 12 in.
And if you must connect port B to another system’s
bus, insert bus buffers to isolate the extension cable
from device B’s system bus.

Adapt to processor-to-processor applications

Another dual-port-memory configuration imple-
ments a high-speed communications link between two
processors. For this link, you add a TMS 9900
peripheral processor to the 8k-byte dual-port memory
card (Fig 3b); connector P; joins this processor to
memory port B (P,;). Support parts for this application
include a 9904 clock driver, a 9902 asynchronous
communications controller and a pair of 2516 2kXx8
EPROMs.

In this configuration, the peripheral processor uses
the dual-port memory for both workspace area and
communications to an off-board backplane CPU via full
interrupt handshaking. The backplane CPU sets
interrupt requests to the peripheral processor by
writing to one of the last 16 words in dual-port memory.
Likewise, this CPU acknowledges interrupts from the
peripheral processor by writing to one of the eight
next-to-last words in dual-port memory. The backplane
CPU’s IORESET signal holds the peripheral processor
in the Reset mode; writing to one of the last 16 words in
shared memory releases the processor. This interrupt
handshaking technique eliminates the requirement for
a separate I/0O interface to the backplane CPU.

Yet another asynchronous-sampling memory applica-
tion connects an off-board CRT graphics-display
system to the 8k-byte dual-port card. An off-board TM
990/100M CPU creates and processes images in screen
memory via port A without causing display glitches.
Independently of CPU operation, the graphics system
constantly reads 256 x256-pixel displays out of port B,
into a 74LS166 output shift register and then to the
CRT screen. A 9927 video timing controller scans port
B and provides TV synchronizing and blanking signals.
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Fig 2—Clock timing for an asynchronous-sampling
dual-port memory involves three steps: establishing
memory access as a simple Start/End sequence, tc (a),
squeezing two port-A cycles into device A’s Read cycle to
guarantee a complete asynchronous memory cycle (b) and
requiring only one sampling-clock leading edge for device
A’s Write cycle, because the input latches allow memory
Write cycles to complete independently of the attached
device (c).
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Asynchronous sampling achieves a
nearly ideal multiport memory

An assembly-language graphics program manipu-
lates the display memory. This software executes
elementary commands (such as Draw Line, Draw Box
and Draw Character) at a specified location. Attached
to the graphics CPU’s serial link, a second off-board
CPU executing Power BASIC allows graphics develop-
ment in a high-level language.

Still other asynchronous-sampling dual-port-memory
applications include:

Implementation as a buffer between a CPU and a
mass-storage controller for, say, a disc system;
this arrangement’s reliability exceeds that of
DMA approaches because the dual-port memory
isolates the system bus from the disc-controller
CPU.

Configuration as a key part of a software-
development system in which a host CPU edits,
assembles and links prototype programs; after
the final object code is stored in dual-port
memory, the emulator CPU debugs the software.

GND o] m

N ;;';;‘;:“

In this manner, a catastrophic program bug
cannot crash the host CPU.

® Use as a data-rate buffer between a high-speed
ADC and a CPU; unlike traditional DMA
buffering schemes, the ADC and CPU subsys-
tems need not compete for memory access. EDM

Author’s blography

Robert W Schmidt, a micro-
processor systems designer
at Texas Instruments, Hous-
ton, when this article was
written, now works as a de-
sign engineer at the Public
Broadcasting Service, Wash-
ington, DC. He holds a patent
on a 16-bit memory system ;
and counts home computing 1 N\ ~
among his hobbies. (Bob rent- ‘ ; [
ed his computer and graphics =
system to a TV station for election-returns reporting in

1976.) \

Article Interest Quotient (Circle One)
High 485 Medium 486 Low 487

o)

o e
oy
R

0

N &
o
oS

E

LVOLUULOLLLULLOOULUUM
251F 3
"‘(’l

o
o
et
o

26

9
%

Hi x M N
UNN&ﬂHALvROYO
ASIY MO

/

Fig 3—An asynchronous-sampling 8k-byte dual-port memory card (designed in this case for a Texas Instruments TM 990 computer
system) serves varied applications: as a stand-alone asynchronous-sampling memory with ports at P, and P, (a) and as a multiprocessor sys-
tem with an on-board peripheral processor interacting with an off-board backplane CPU (b).
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Solid State Scientific

// Address

/

/ Phone Ext.

/ My Application is
/

/
/| Preferred Technology

Custom ICs can save you money.
98% of our customers save money with
our custom MOS/LSI circuits. That's why
they come to us. They save with higher
reliability, reduced labor and materials costs,
reduced problems at the board and system level,
fewer parts and lower warranty costs. If you want
savings like this—give us a call.

Our track record Is proven. \Whether your appli-

cation requires long battery life, high packing density,
high noise immunity or high speed, our design/production

team can fill that need. We produce on time—within

budget. And you will not have to muddle in big company

, bureaucracy. You talk to the design engineers at every stage

‘ of production. With our tight, independent quality assurance
program, we build in reliability everytime—and deliver it on time.

Want to know more? Send in the above coupon to Solid State
Scientific, Montgomeryville, PA 18936, or call 215-855-8400, ext. 274.

N Solid State Scientific

For more informati i —




HERE AT LAST!

A Standard“Custom”Data
Collection Device
The Memodyne MSO
Cassette Computer

The M80 is a general purpose Z80™ based
computer combined with a rugged, high-speed digital
cassette drive in a compact, panel mounting module.
Modem and terminal RS232C and TTY current-loop
serial ports are provided for easy interfacing. A 2K
PROM is programmed to implement completely inter-
rupt driven control of the recorder and communica-
tions functions. A 1K RAM provides data buffering
which allows the M80 to handle continuous streams
of data up to 9600 BAUD.

T.M. Z80 is a trademark of ZILOG Corp

FEATURES:

e Standard program in CPU Card Prom implements
30 recorder and communication commands plus
numerous mode selections.

e A Microprocessor based computer that is small and
compact, a rugged module that can operate in hos-
tile environments with its own removeable medium
memory, immune to hazards that disable disks,
printers, and other peripherals.

e High speed: Can read or write continuous data
streams at up to 9600 Baud with block size of 100
bytes or more.

e 500,000 Byte formatted capacity.

e ANSI/ECMA-34 compatible tapes, both tracks
accessed.

e Programmable block size up to 256 Bytes.

e Recorder control and communications are interrupt
driven and transparent to user programs.

e Small cards make for sensible modularity with
modern high density ICs and are easily inserted
and extracted.

e Small module fits behind standard 5 inch panel.

IF YOU NEED:
1. A Process Control Computer.
. A Computing Data Logger.
. A Custom Cassette Recorder.
. An Airborne Recording Computer.

. A Medical Data Acquisition System.

A Numerical Controller.

. An Intelligent Cassette Terminal.

. An Analytical Instrumentation Recorder.
. An Automatic Tester.

. An application we haven't thought of . . .

CWONO !N WN

=

THEN ALL YOU HAVE TO DO
IS PROGRAM OUR PROM
(AND IF YOU DON'T WANT TO
WE WILL).

WRITE FOR COMPLETE DETAILS INCLUDING
COLOR BROCHURE TO:

Memodyne

CORPORATION

220 RESERVOIR STREET

NEEDHAM HEIGHTS, MA 02194 USA.
TELEPHONE (617) 444-7000

TELEX 922537

. The Highest Speed RS232C Cassette Recorder.

o

For more information, Circle No 137
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WRESTLING WITH COMPONENT
DESIGN AND APPLIGATION?
LOOK TO STAGKPOLE FOR HELP

If you think of Stackpole as just
another source of electronic com-
ponents and materials, you're
overlooking one of our most im-
portant products. Help.
Stackpole can help with your
stickiest design and application
problems. For example, we can
help simplify manufacturing with
our enclosed, modular switches.
Or can help save board space by
squeezing more resistance into
smaller thick-film networks. And
we can help you meet deadlines,
with full stocks and very compet-
itive lead times, even on custom
configurations. All this at prices
that help you stay competitive.
For over 70 years, we've been
deeply involved in electronic de-
sign, product engineering and
materials application. As our
“Stackpole” shows, our compo-
nents and materials are used by
a wide variety of leading elec-
tronic manufacturers. So, the
next time you're wrestling with a
problem in one of these product
areas, look to Stackpole. Switches: slide, rotary, rocker and Key-
switches; Keyboards and custom switches. Resistors: fixed-com-
position, carbon-film, metal-film and special-purpose resistors; thick-
film resistor networks. Ferrites: ceramic permanent magnets, mag-
netizable powders and soft ferrite cores. Get to know Stackpole
better. Write for our new brochure, or call Dauer Stackpole
Corporate Marketing Manager, Stackpole Carbon Company,

St. Marys, Pa. 15857.

Phone: (814)781-1234. %’ smkmli

Get to know us. We can help.
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CREATIVE SOLUTIONS...FROM SAMS.

How can you do it better, faster, less expensively? Sams technical books can help you find creative solutions. Stay
abreast of changing technology. Find out what is new, and how to use it. Share ideas with some of the leading experts
in the fields of electronics and computers. Get information and reference data you can use today ... and knowledge

you can apply tomorrow.

LANCASTER'S
COOKBOOK LIBRARY
... SAVE 15%)!

Three electronics classics by Don
Lancaster—one of the most popular
authors in electronics. Get Lancaster’s in-
sights into what makes TTLs, CMOS, and
active filters cook—what they are, how
they work, and how to apply them.

TTL Cookbook #21035 $ 950
CMOS Cookbook #21398 10.50
Active-Filter Cookbook #21168 1495
TOTAL LIST PRICE $34.95
Less 15% Discount 524
YOU PAY ONLY $ 2971

ORDER SPECIAL LIBRARY PACKAGE
#21707 FROM YOUR SAMS DISTRIBUTOR
OR BOOKSTORE ... AND SAVE 15%!

JUNG’S COOKBOOK
LIBRARY ... SAVE 15%!

Everything you want to know about IC
converters, op-amps, and timers—from
fundamentals to practical circuit appli-
cations. Written by Walter G. Jung—a
specialist in IC applications.

IC Converter Cookbook #21527 $13.95
IC Op-Amp Cookbook #20969  12.95

IC Timer Cookbook #21416 9.95
TOTAL LIST PRICE $36.85
Less 15% Discount §52
YOU PAY ONLY $3133

ORDER SPECIAL LIBRARY PACKAGE
#21704 FROM YOUR SAMS DISTRIBUTOR
OR BOOKSTORE ... AND SAVE 15%!

STATE-OF-THE-ART
TECHNOLOGY... JUST
RELEASED!

VMOS—Design of VMQOS Circuits, With
Experiments—By Robert T. Stone and
Howard M. Berlin. VMOS could be a giant
step tfowards the ideal active filter circuit.
You could be a giant step ahead by
reading this book and studying the ex-
periments that demonstrate the VMOS
concept. ORDER Design of VMOS Circuits
#21686 FROM YOUR SAMS DISTRIBUTOR
OR BOOKSTORE ... ONLY $8.95

BERLIN’S CIRCUIT
DESIGN LIBRARY
...SAVE 15%!

If you're involved in circuit design, this
4-volume set is a must for your library.
Written by Howard M. Berlin—a well-
known electrical engineer and
educator.

Design of Active Filters, With

Experiments #21539 § 795
Design of Op-Amp Circuits, With
Experiments #21537 795

Design of Phase-Locked Loop
Circuits, With Experiments #21545 8.95
555 Timer Applications Sourcebook,

With Experiments #21538 595
TOTAL LIST PRICE $30.80
Less 15% Discount 4,62
YOU PAY ONLY §2618

ORDER SPECIAL LIBRARY PACKAGE
#21708 FROM YOUR SAMS DISTRIBUTOR
OR BOOKSTORE ... AND SAVE 15%!

INDUSTRIAL ELECTRICAL
SYSTEMS LIBRARY ...
SAVE 15%)!

A complete course—comprehensive
text and practical lab manual—that
gives you a total picture of modern indus-
frial electrical systems.

Industrial Electrical Systems

#21446 $ 1195
Experimenting with Industrial
Electrical Systems #21473 11.95
TOTAL LIST PRICE $23.90
Less 15% Discount 3.58
YOU PAY ONLY $20.32

ORDER SPECIAL LIBRARY PACKAGE
#21709 FROM YOUR SAMS DISTRIBUTOR
OR BOOKSTORE ... AND SAVE 15%!

PNEUMATIC AND
ELECTRONIC
INSTRUMENT TRAINING
COURSE. BIG
2-VOLUME LIBRARY!

Volume 1—Pneumatic Instruments—
Covers theory, construction, alignment,
installation, and operation of many types
of pneumatic control instruments. Ex-
plains basic principles of link/lever
mechanisms, pressure-sensitive devices,
liquid level measurements, and flow
measurement. #21579 $13.95

Volume 2—Electronic Instruments—
Covers electronic theory in a qualitative
way for industrial instrumentation techni-
cians. Explains four major aspects of
electronic control: measurement circuits
and primary devices; transistor elec-
tronics; vacuum-tube electronics, and
magnetics. #21580 $11.95

ORDER THE 2-VOLUME SET #21581 FOR
ONLY $24.95 FROM YOUR SAMS DISTRIB-
UTOR OR BOOKSTORE.

CUSTOMIZED
TECHNICAL BOOKS

Sams has over 300 titles that can be cus-
tomized for your use as gifts, incentives
and goodwill builders ... or Sams will write
and publish a completely new book on
any electronic subject you select.

FOR MORE INFORMATION, CONTACT
HOWARD W. SAMS.

INDUSTRIAL
ELECTRONIC SYSTEMS
LIBRARY... SAVE 15%)!

Fully explores industrial electronic de-
vices, circuits and systems.
Industrial Electronic Systems

#21453 $ 1195
Experimenting with Industrial

Electronics Systems #21472 11.95

TOTAL LIST PRICE $23.90
Less 15% Discount 3.58
YOU PAY ONLY $20.32

ORDER SPECIAL LIBRARY PACKAGE
#21710 FROM YOUR SAMS DISTRIBUTOR
OR BOOKSTORE ... AND SAVE 15%!

CUSTOMIZED
PUBLISHING

Cross-reference guides...service and in-
struction manuals...price lists...Sams
can do it all from writing to publishing.
Our complete in-house capabilities—
highly qualified technical staff, vast elec-
tonics data bank, and complete produc-
fion facilities—offer you a way to get your
custom literature done fast and inexpen-
sively.

FOR MORE INFORMATION, CONTACT
HOWARD W. SAMS.

SEE IT ALL AT
ELECTRO/80

VISIT
SAMS BOOTH #3004-6
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Howard W. Sams & Co., Inc.

4300 W. 62nd Street, Indianapolis, Indiana 46206

All books are available from Sams Distributors, Bookstores, and
Computer Stores.
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For more information, Circle No 139
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Circuit-design approach
improves transistor reliability

Designs based on the Ebers-Moll amplifier model yield reduced power
dissipation and lower circuit voltage—with little or no
output-power reduction—through proper use of device
transconductance and voltage gain.

Keats A Pullen Jr, US Army

Transistor reliability continually presents problems
that designers typically blame on inadequate or
underspecified devices but that a change in circuit-
design methodology can solve. Although improved
device fabrication and circuit integration have de-
emphasized discrete-circuit design considerations,
these factors are still important. Re-examining circuit
fundamentals helps you avoid some pitfalls of tradition-
al design methods, such as the attempt to use the
maximum voltages consistent with device specs.

Present bipolar-transistor circuit-design procedures,
based on the matched-impedance method, generally
focus on transistor current gain (B), ignoring stage
voltage gain for the most part (Ref 1). Disadvantages
of this approach include possible selection of a high
supply voltage, leading to excessive power dissipation
and an incipient runaway condition; voltage gains in
excess of 10 to 20 per stage, leading to phase instability;
excess phase shift and oscillation; and dependence
(through B) on a derivative with respect to a small
difference between two large numbers: the collector
and emitter current values.

New method reduces B effects

You can eliminate these disadvantages through an
approach to circuit optimization that greatly reduces
the importance of B. This method, based on transcon-
ductance, permits lower circuit voltages with at most a
slight reduction in power output, improves circuit
stability and increases reliability. The resulting reduc-
tion in power dissipation in turn reduces the required
amount of cooling, facilitates the sealing of circuitry
from dirt and moisture and extends battery life in
portable designs.

Understanding this method begins with a considera-
tion of amplifier representation by means of the

EDN APRIL 20, 1980

Ebers-Moll equations (Ref 2), which lead to a
derivation for amplifier voltage gain (Ref 3). You can
calculate this gain for the simplest resulting circuit
from the equation

Kv = _KAI(:ZL (1)

where «k is transconductance-per-unit-current efficien-
cy, A is q/kT, Ic denotes collector current and Z;
represents load impedance. With bipolar transistors,
the value of k approaches 1, and the value of A equals 39
siemens/A. Neither of these parameters is a function of
B, and neither depends sensitively on small differences
between large numbers or on minority-carrier lifetime.
The only restriction on B is that it be greater than a
specified minimum value (such as 10).

Based on k, the approximate value of collector supply
voltage required to achieve proper amplifier operation
in the common-emitter mode is given by this equation
(Ref 1):

Vee = 1V, (2)
while a common-base-configured amplifier requires a
voltage of

Vee = 7.5V/k. 3)

These equations also apply to FETs and electron tubes.

Now recall that a high k value severely limits the
power-handling ability of a bipolar transistor when
employed as an RF amplifier, even in the common-base
configuration. This limitation’s effect frequently ap-
pears in practical circuits, but its cause is not always
recognized.

To illustrate the point, consider a common-base RF
amplifier. Here, an emitter-to-collector voltage gain of
75 to 100 yields a stable overall gain of 10 for properly
configured circuits. For a peak collector current of 20A,
the forward (intrinsic) admittance reaches 7508, calling
for a maximum tuned impedance (loaded) of 0.1Q.
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Transconductance-based designs
improve on traditional methods

Consequently, an output circuit must transform load
impedances between 0.1 and 50€). A peak power input
of 200W with a collector supply of 10V calls for a tuned
loaded impedance of 0.4€), if you can tolerate a voltage
gain of 300. The resulting input power of 100W makes
50 to 60W available (unless you achieve internal
stabilization through emitter resistance), as observed
in practice.

Accordingly, the circuit should be designed (via the
transconductance method) in a manner potentially
least destructive to the device rather than to achieve
the maximum input power theoretically possible
(through the matched-impedance method), because the
stable output power available differs only slightly in
either case.

Check supply-voltage requirements

Now consider some related design factors. First,
examine whether the transconductance method’s re-
duced collector voltage allows sufficient signal drive for
the next stage. From Eq 2, a k of approximately 1 (as
for a bipolar transistor) requires a supply voltage only
1V greater than the device saturation voltage. With
bipolar transistors, as with simple diodes, a 200-mV
change applied across the input junction causes a more
than 2000-fold change in device current. So long as the
voltage from collector to emitter exceeds the saturation
voltage by even a few hundred millivolts, the transistor
amplifies as well in most applications as it would with 5
or 10V applied.

Second, note that the traditional method’s use of
higher voltages requires a high value of Z; for
impedance matching. In either approach, limitation of
stage voltage gain (typical military and commercial RF
and IF linear amplifiers usually include one stage per
decade of voltage gain) to assure stability requires
limiting the effective value of Z;—sometimes intention-
ally but often accidentally—either at the design stage
or in the final circuit. While the transconductance
approach inherently provides a reduced Z;, matched-
impedance designs depend on input loading from a
following stage to reduce the voltage gain from as much
as 1000 to a safe value of 10 to 20.

Also consider the effect of B on circuit performance.
Inserting a super-B transistor into a traditional circuit
can cause circuit oscillations incorrectly blamed on the
transistor. Transconductance-based designs incorpo-
rate a lower impedance output circuit having the proper
Q value, allowing operation with any transistor having
a B greater than 5 or 10 and sufficient alpha cutoff
frequency. In addition, such circuits have the intended
amount of gain, because each stage is designed to use a
stabilized level of output current and the appropriate
level of impedance, with gain unaffected even by a
nuclear event so long as the postevent B exceeds a
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Fig 1—Typical transistor augmented curves illustrate data
used in the design examples outlined in this article.
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Fig 2—Design of an IF/RF amplifier circuit illustrates the
benefits of the transconductance design technique.
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TABLE 1 — DESIGN-DATA COMPARISON

PARAMETER

CASE 1

CASE 2

Vee

Z

I

Re

Xy

Xe

K

C

UNLOADED K,
LOADED BANDWIDTH
POWER INPUT
TEMPERATURE RISE

v
25Q
<500 pA

59Q (BYPASSED)

0.25Q
0.25Q
0.004 uH
64,000 pF
10

1x DESIGN BANDWIDTH

10 mwW
4.7°C

0V

10009

<500 A

5Q (BYPASSED)
10Q

10Q

0.16 uH

1600 pF

400

40 x DESIGN BANDWIDTH
100 mW

47°C
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selected design minimum. (Wire-wound decoupling
resistors help protect active devices, which can look like
short circuits during nuclear events.)

Base your design on the proper procedure

The transconductance design procedure for
discrete-transistor amplifier circuits should follow these
steps:

® Selection of the desired output load impedance

® Selection of the desired output current

® Design of the bias circuit to provide the output

current

® Selection of the appropriate base supply voltage

® Selection of the appropriate collector supply

voltage

® Design of the linear networks for use with the

device.

After completion of the first three steps, select the
supply voltages, keeping in mind that the base supply,
with 10V typically available, must provide less than a
tenth as much current as the collector supply, which in
turn must supply only a tenth to a fifth as much voltage
as the base supply. This consideration results in a 50 to
75% reduction in the total net power required with
normal design procedures. The supplies require good
filtering but need little if any special regulation. Thus,
the two supplies called for in the transconductance
method need not cost more than a traditional circuit’s
single supply, and the benefits resulting from better
circuit operation, less required cooling and improved
reliability are free.

Actual values for input-signal voltage and output-
circuit supply voltage depend on the transconductance
efficiency, which you should select based on application
considerations. Where maximum separation of signal
from noise is required, use devices with the maximum
possible k, because this approach provides the maxi-
mum transconductance and gain for any current level.
(Noise level is highly current dependent. Note,
however, that space-charge effects help minimize noise
with both electron tubes and FETs.)

On the other hand, maximum power-output require-
ments dictate the use of devices with reduced « values.
In fact, you will find that with most high-power 2-port
electron tubes, the recommended control-supply-
voltage value falls within a factor of two of that defined
by Eq 2.

Examples contrast design methods

The design benefits of the transconductance tech-
nique stand out with respect to the traditional
matched-impedance method, as an example illustrates.
Consider the design of a 10.7-MHz IF amplifier with an
overall stage gain of 10 by use of the transconductance
technique (Case 1) and the matched-impedance method
(Case 2). Assume collector current of 10 mA, base
voltage of 10V, B greater than 20, a desired K, of 10 and
loaded Q of 100. The typical device curves appear in Fig
1, the circuit configuration in Fig 2 and the design

1V for Case 1 and 10V for Case 2 and the corresponding
input power requirements. Had a 40-mA collector
current been selected, the power input for the two
cases would have been 42 and 402 mW, respectively,
leading to a significant overload in Case 2.
Although the design values for L and C for Case 1
appear difficult to obtain, the tuned circuit can employ a
tapped coil, with the inductance to the tap as the rated
value. Then you can increase the overall inductance by
four or more times and correspondingly reduce the
capacitance.
Clearcut advantages result from the use of the
transconductance method in this example and in
general:
® Loading from the following amplifier has a
negligible effect on the stage gain and bandwidth
so long as the minimum B is high enough (20 is
usually sufficient) to make the input impedance of
the following stage large compared with 25().
This impedance would probably not be near
100092, as is required by Case 2.

® Power input to the collector circuit is reduced to
one-tenth that required for Case 2, making
possible substantial increases in MTBF (Ref 4).

® Little danger of either oscillation or phase
instability occurs, given good layout practice.

® The characteristics of the transistor in the

following amplifier have little effect on the stage
designed.

® The circuit’s reduced overall impedance level,

even with use of the tapped-coil arrangement,
makes the impedance transformation required
with common-base configurations substantially
easier to obtain.

® The technique alleviates circuit problems arising

from a little-known relation between tuned-
circuit Q and step-down ratio in systems employ-
ing a tapped-capacitor-tuned transformer.

TABLE 2 — 2-STAGE AMPLIFIER DESIGN DATA
PARAMETER STAGE 1 STAGE2
Z 250 250
Iy <100 yA <1000 pA
Re 25Q (BYPASSED) | 2.5 (BYPASSED)
X 19 0.1
Xe 19 0.1
EFFECTIVE L 16 nH 1.6 nH
EFFECTIVE C 1280 pF 12,800 pF
MINIMUM STAGE B | 25 25
POWER INPUT 4mw 40 mW

Another example illustrates the use of the transcon-
ductance technique to build up the power level of an RF
source. Assume a 2-stage design of a 25-MHz amplifier;
let the voltage gain for each stage be 2, with the input
signal starting at 10 mV. Use first- and second-stage
collector currents of 2 and 20 mA. Choose a Q value of
25 for the loaded tuned circuits and a V¢c of 2V. Table 2
summarizes the results, which show a requirement for
tapped coils or transmission lines and demonstrate the
difficulty of designing adequate parallel-tuned circuits

results in Table 1. Note the collector supply voltage of for very high-frequency transistor amplifiers. Where

EDN APRIL 20, 1980

211




Lowered power-supply voltages
still permit adequate gain

possible, then, use series-tuned circuits.

This amplifier yields a 40-mV output, and the
variation in voltage gain of an amplifier following the
second stage would be about 4:1. (The third stage would
approach Class C operation—see box, “Notes on Class
C amplifier design.”) The signal-frequency current
available from the collector of the second stage in this
semipower-amplifier arrangement can reach 7 mA rms
or more. So long as the minimum required B is
available, stable operation in the designed mode is
achievable.

Technique simplifies analysis

The transconductance technique also serves other
applications. Because transconductance as a function of
device current is readily available (from Eq 1) in terms
of I, calculation of the properties of nonlinear circuits,
including frequency multipliers, mixers and switching
circuits, proves relatively straightforward (Ref 5).

Important consequences of the transconductance
design approach include academically simple analysis of
solid-state-device characteristics and ease of circuit
optimization, as well as improved performance and
reliability. You need only watch a circuit fail from
excessive dissipation to appreciate the benefits. EDN

Article Interest Quotient (Circle One)
High 488 Medium 489 Low 490

Notes on Class C amplifier design

Traditional design of transistorized
RF power amplifiers involves the
use of a collector supply voltage
as high as device second break-
down and fundamental break-
down will permit. The following
analysis evaluates the validity of
this practice.

Any amplifier is to some extent
a feedback amplifier, and its
operating equation therefore as-
sumes the simplified form:

K = K,/(1 - K(K,)

where K is the overall voltage
amplification, K, denotes the for-
ward voltage amplification and K;
represents the amplification
(much less than unity) for the
amplifier feedback path. So long
as the overall value of K as a
function of frequency does not
include a zero value for the
denominator, the circuit should
prove stable, but minimum-phase
characteristics require that the
KK, magnitude be as small as
possible.

Because of the assortment of
stray inductances and capacitanc-
es in RF amplifier circuits, assume
that if the magnitude of KK,
approaches unity, unstable condi-
tions can occur and that the
amplifier's phase transfer function
will thus vary erratically with
frequency. The existence of such
excess phase shift is probably the

most sensitive indicator of a
potentially unstable amplifier—
one that might self-destruct.

Efficiency considerations re-
quire that amplifier power stages
operate in the common-base con-
figuration, which yields ratios of
peak available energy taken from
the tuned circuit to loss in the
active device greater than 10:1.
Alternative configurations, howev-
er, exhibit ratios as small as 2:1.
The changeover point from the
use of the common-emitter con-
figuration to the common-base
configuration is thus a critical
point in power-amplifier circuit
design—achieving adequate drive
for the first common-base amplifi-
er and assuring phase stability
simultaneously can prove difficult.

With proper design and layout,
it's possible to obtain stable
operation in the common-emitter
mode with input-to-output voltage
gains of up to 10, and in the
common-base mode with gains of
approximately 100 (emitter to
collector). Thus, the maximum
feedback gain in the two cases
typically cannot exceed either
0.01 or 0.001.

The feedback paths for transis-
tors at high frequencies are com-
plex, including intrinsic capaci-
tances and various parasitic. ele-
ments. This combination makes
neutralization difficult, particularly

in the common-emitter mode. And
this difficulty in turn makes the
forward - voltage - gain limitation
even more important; achieving
such limitation is possible only by
limiting the circuit impedance
levels, particularly Z,.

Theory shows that to obtain
maximum effective bandwidth for
a chain of amplifiers using dis-
crete circuit elements in the pres-
ence of Miller-effect capacitance,
stage voltage gains between 2
and 3 are optimum. In practice,
though, other considerations
might apply, with the result that
voltage gains typically should not
exceed 10 to 20 overall (input to
input).

For efficient operation of a
transistor in a Class C amplifier,
collector-to-emitter voltage must
be as small as possible during the
current pulse that charges the
circuit’s  frequency-determining
components. The supply voltage
then must be sulfficient to produce
this voltage at peak current with
the allowed value of loaded tuned
impedance.

When the operating load line for
these conditions is established for
a Class C amplifier, it appears
somewhat like curve D in the
figure (Ref 5). The dotted section
develops from energy exchange
in the frequency-stabilizing circuit.
The actual load contour starts
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initially through the V¢ point and
within a number of cycles equal to

Q essentially moves to the indicat-
ed location. (Strictly, an elliptic

load contour is generated, result-
ing in energy storage that proves
vital in circuit operation.)

The direction of traversal of the
elliptic load contour is indicated by

the arrowheads on the graph. And
as the coupling to the load
tightens, the resistive axis of the
load line shifts from A’ to D' for an
excess-voltage situation.

When the transistor amplifier
operates near its maximum fre-
quency (fmax), it might prove nec-

essary to increase the selected

value of V¢ sufficiently to assure
that the load contour is properly

located with respect to existing frmax
contours. This condition might

indicate that the device chosen

doesn'’t suit the intended applica-
tion. Thus, where possible, avoid

such a voltage boost.

The important point to note
from the figure is that with
matched impedances, the voltage
gain in the power amplifier (as
shown by C’) quickly develops a
maximum value so great that
stability is no longer assured. As
the impedance is reduced through
loading to assure stability, the
transistor power input increases,
and the power output at the
1 chosen output frequency might

60 N ‘\ \B > N i i
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\\ \\\\\\ \B, ,\
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Operation-contour plot shows the load line for a Class C amplifier.

decrease simultaneously. The
only way you can avoid this
situation is by selecting a reduced
value of collector supply voltage.
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ARINC 600.
OUR EXCLUSIVE
ENGAGEMENT
CONTINUES.

Since rack and panel connectors
were first devised, the ITT Cannon
Electric name has been synony-
mous with technological leadership.
And when the avionics industry
called for a new design to meet the
demands of modern technology;
Cannon again held center-stage
with the ARINC 600 connector
series. Today, we're still the only
manufacturer officially qualified to
commercial avionics specifications.

Cannon's® low insertion force
BKAD/E series connectors are
available in envionmental and non-
environmental designs. Their con-
tacts are fully interchangeable with
our DPX series. And termination
tooling is the same for easy retrofit-
ting. You get greater reliability, easier
maintenance and lower cost per
mated line in a totally-installed
system.

We have a good supply ready
for delivery. And you can choose
from a wide assortment of contact
configurations. For immediate in-
formation refer to our pages in EEM.
For literature, the name of your local
ITT Cannon distributor or other
information contact Rectangular
Division Marketing Manager, ITT
Cannon Electric, a Division of Inter-
national Telephone and Telegraph
Corporation, 666 E. Dyer Road,
Santa Ana, California 92702.
Telephone: (714)557-4700. TWX:
910-595-1131. TELEX: 65-5358.

cAnnoN ITT

You can always connect with Cannon.
For more information, Circle No 141
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The last word on
power supplies.

What's new in power supplies is the
news in Powertec’s latest Catalog. It
contains specs, features, descriptions, and
diagrams of Powertec’s complete line of
switching and linear power supplies—our
SuperSwitchers™ Sub-Modular Linears,
OEM |l series, and even specialized power
supply units to give you an idea of our
custom capabilities.

Our 9N SuperSwitcher series, for
example, has designed-in safety features
like UL recognition, overload protection,
OVP, and thermal, reverse voltage and AC
undervoltage protection. Our highly versatile
SM Sub-Modular Series 22 and Series 25
give you build-your-own flexibility with
multi-output voltage of 1.2V to 30V, up to
75A. And nobody can match the quality/

For more information, Circle No 142

power/cost effectiveness of our OEM |
series. Nobody.

Send for your new Powertec Short
Form Catalog now—it’s long on high
quality, high technology power supplies
from the people who started the whole
thing. Powertec.

Fr————————————

(J Send me your new Short Form

Free Catalog. I'm interested in:
m [ ] Switchers [] Linears [] Sub-Modules

Name

Mail Stop

Address

City/State/Zip EDN4

POWERTEC

DC POWER SUPPLIES 20550 Nordhoff Street
I Chatsworth, California 91311 (213) 882-0004

I
I
|
| Company Name
I
|
I
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OUR PANEL
DISCUSSION

Snap-in switches

FUSE

PRESS ‘f.:‘

Snap-in fuseholders

Snap-in indicator lights

circuit breakers

(on how to save time and moneyon
installation and maintenance).

Interested in cutting costs without
sacrificing quality?

Certainly. Any smart designer is.

And we're here to show you
how.

With not one, but four different
types of panel components.

All are designed to snap into
the panel and eliminate the need
for costly mounting hardware. All
are designed to reduce installation
and maintenance time. (And save
you more money.)

You want specifics?

Take our low-profile fuseholder.
Available in eight different colors,
it snaps into the panel securely
and simply. An attractive and
convenient alternative to your
standard black, rear-mount
fuseholder.

Our momentary action switches
and circuit breakers offer the
same advantages.

Indicator lights? We have a
wide range of snap-mount plastics
that require no hardware! (Unique
flex arms on our %s" and %"

For more information, Circle No 143

diameter units secure the light
and protect it against shock and
vibration.)

Now, are you ready to move
ahead on cost-cutting without
sacrificing a thing?

Call or write. And we'll send the
appropriate catalogs.

Then our discussion can begin
on a one-to-one basis.

LITTELFUSEL t17 4

Des Plaines, IL 60016 = (312) 824-1188

is more than you think.
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Notes: D (Design Ideas); F (Design Features); M (w.Computerist Corner);
N (News); P (Feature Products, Editor’s Choice)

Circuit Design

Active probe uses one op amp. Sept 5, pg 217 (D)

ADC encodes stepper-motor position. Sept 20, pg 131 (D)

Add-on Hold button ups phone convenience. Oct 20, pg 342 (D)

Address peripherals with program counter. Aug 5, pg 129 (D)

Alarm circuit avoids false triggers. Aug 5, pg 126 (D)

E‘}“I; 8x8 multiplier and 8-bit pP perform 16 x 16-bit multiplication. Nov 5, pg 147
Analog design becomes software design with pP-based signal-processor chip.
Sept 20, pg 142 (P)

Bleepers, buzzers give your design a voice. Oct 20, pg 85 (N)

(Bl‘y)pass supply loads with care for optimum transient response. Sept 20, pg 113

Capable IC sensors compensate T/C cold junctions. Oct 5, pg 121 (F)
Circuit controls phase digitally. Sept 20, pg 134 (D)

Circuit controls 3-phase inverters. Nov 5, pg 157 (D)

Circuit cuts relay power consumption. Nov 20, pg 229 (D)

Circuit optimizes optical-switch biasing. Sept 20, pg 133 (D)

Circuit provides variable gain and limiting. Oct 5, pg 153 (D)

Circuit saves power in ac induction motors. Sept 5, pg 185 (F)
Circuit varies oscillator duty cycle. Aug 5, pg 124 (D)

Conductivity monitor uses one 747. Aug 5, pg 124 (D)

Control pC-oscillator accuracy. Sept 5, pg 218 (D)

(DF(-:‘)sign memory boards for RAM/ROM/EPROM interchange. Aug 20, pg 100

Designer’s Guide to: IC voltage regulators—Part 1. Aug 20, pg 93 (F)
Designer’s Guide to: IC voltage regulators—Part 2. Sept 5, pg 199 (F)

Don’t court disaster in DTMF signaling systems. Nov 5, pg 136 (F)

(l%o)n‘t neglect thermal concerns when specifying motor needs. Sept 20, pg 119

Duasx}]9 c(lg)rent-differencing amplifier permits high-frequency designs. Sept 20,
pg

(I%‘u)al variable op-amp IC simplifies complex analog designs. Sept 5, pg 191

Ease bubble-system design with a few basic guidelines. Aug 5, pg 87 (F)
8080 clock provides two phases. Aug 20, pg 125 (D)

glrse g()ancy-synthesizer components ease the build-or-buy dilemma. Nov 20, pg

Gated oscillator maintains frequency. Sept 5, pg 220 (D)

{r’;)lp%%r;lent complex analog filters with a real-time signal processor. Nov 20, pg

Interlaced video displays utilize low-cost CRT controllers. Sept 5, pg 207 (F)
Latch circuit clears easily. Sept 20, pg 131 (D)
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Let your personal computer talk to test equipment. Aug 20, pg 118 (F)
Line receiver provides self test. Aug 20, pg 129 (D)

Load power sources for peak efficiency. Oct 5, pg 154 (D)

Matched components calculate slew rate. Aug 5, pg 121 (D)

Meter monitors telephone sound levels. Aug 5, pg 121 (D)

Method yields TV-system envelope delay. Nov 20, pg 221 (D)

Multifunction monitor/alarm ICs save money and design time. Aug 5, pg 45

N)

No guaranteed memory use for bubbles; fast memory, fixed storage loom
brightest. Nov 5, pg 67 (N)

Op amp reduces transformer droop. Oct 5, pg 153 (D)
Predictive coding improves ADC performance. Oct 5, pg 137 (F)
Presenting the answers to EDN'’s analog-design quiz. Oct 5, pg 145 (F)

PROMs decode ASCII characters for segmented LED displays. Aug 5, pg 105
(F)

Pulse generator simulates preamps. Aug 20, pg 129 (D)

Reduce crosstalk errors in analog multiplexers. Oct 5, pg 103 (F)
Relate noise figure to noise temperature. Nov 5, pg 158 (D)
Reminder circuit saves car batteries. Sept 20, pg 138 (D)
Replace exclusive ORs with resistors. Aug 5, pg 118 (D)

Simple voltmeter monitors TTL supplies. Oct 20, pg 339 (D)
Sort pulses in terms of their durations. Oct 20, pg 342 (D)

Space-saving, low-cost prototype boards use insulation-displacement contacts.
Sept 5, pg 227 (P)

Switched-capacitor techniques implement effective IC filters. Nov 5, pg 103
(F)

Test your analog-design IQ. Oct 5, pg 111 (F)
TF}}e single-board-u.C alternative expands OEM design horizons. Oct 20, pg 256
(F)

TI-59 program gives transient responses. Nov 20, pg 222 (D)

Transient-voltage suppressors suit pe-board protection needs. Aug 20, pg 105
(F)

Up/down counter can’t overflow or underflow. Nov 5, pg 158 (D)

Use an LVDT to construct a simple scale. Aug 5, pg 116 (D)

Use EPROM 1-chip uCs as effective 1-shot lab aids. Aug 5, pg 97 (F)
(U;)er-trimmable resistor networks reduce circuit-design costs. Aug 5, pg 93
Systems

A concurrent high-level language requires run-time support. Oct 20, pg 325
(F)

A concurrent PASCAL produces sophisticated software. Oct 20, pg 333 (F)
A real-time alarm system tests EDN’s RTOS. Oct 20, pg 313 (F)
BASIC eases initial start-up in OEM controller systems. Nov 20, pg 103 (N)
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Character-string manipulations power a text editor. Aug 20, pg 111 (F)
EDN Software Tutorial: Hash coding. Sept 20, pg 108 (F)

l4-siigln(1§r)1t packaged display systems interface easily with equipment. Sept 20,
pg

Hard-disc-based development system eases software/hardware integration.
Sept 5, pg 99 (P)

Let your personal computer talk to test equipment. Aug 20, pg 118 (F)

Low-cost CRT terminals grow smarter, but not more expensive. Oct 5, pg 55
(N)

Magnetic-tape drives meet many storage needs. Nov 5, pg 127 (F)

Multibus-compatible analog-I/0 boards incorporate high-gain differential
amplifiers. -Sept 20, pg 144 (P)

P-based data-acquisition systems also store, process and graph analog data.
ov 20, pg 231 (CP%

wP development systems offer the tools users need. Sept 5, pg 179 (F)

No guaranteed memory use for bubbles; fast memory, fixed storage loom
brightest. Nov 5, pg 67 (N)

Plug-in boards provide LSI-11s and PDP-11s with EPROM-programming
capability. Nov 5, pg 81 (P)

Pfl"imitives provide the operations that support concurrency. Oct 20, pg 299
(F)

16-bit microprocessors (Special Report). Aug 5, pg 70 (F)
The kernel’s the key to concurrent operation. Oct 20, pg 303 (F)
'(I‘l‘b)e single-board-p.C alternative expands OEM design horizons. Oct 20, pg 256

HJ;—to-date wC hardware demands equally capable software. Oct 20, pg 293

Use a systematic procedure to evaluate new pPs. Nov 20, pg 185 (F)
Use EPROM 1-chip pCs as effective 1-shot lab aids. Aug 5, pg 97 (F)

Versatile in-circuit emulator complements any wP development system. Sept
20, pg 71 (P)

Voice input and output (Special Report). Nov 20, pg 158 (F)

Semiconductors/ICs

Acting as an electronic lens, CCD array helps scan the human body
ultrasonically. Sept 20, pg 57 (N)

zAFx; 88 multiplier and 8-bit wP perform 16 x 16-bit multiplication. Nov 5, pg 147
Analog design becomes software design with wP-based signal-processor chip.
Sept 20, pg 142 (P)

Analog-switch designs
ct

se knotky problems, but device improvements
untangle the mess. )

, pg 101 (
Capable IC sensors compensate T/C cold junctions. Oct 5, pg 121 (F)

gza’;'t(xg;ige disc and software up development-system performance. Sept 5, pg

PF%sign memory boards for RAM/ROM/EPROM interchange. Aug 20, pg 100

Designer’s Guide to: IC voltage regulators—Part 1. Aug 20, pg 93 (F)
Designer’s Guide to: IC voltage regulators—Part 2. Sept 5, pg 199 (F)

Dua;lsc(\g)rem—differencing amplifier permits high-frequency designs. Sept 20,
pg

Pumd variable op-amp IC simplifies complex analog designs. Sept 5, pg 191

EDN'’s Sixth Annual pP/p.C Chip Directory. Oct 20, pg 133 (F)
Ease bubble-system design with a few basic guidelines. Aug 5, pg 87 (F)

g15 ut;ncy-synthesizer components ease the build-or-buy dilemma. Nov 20, pg

High-s&eed precision comparator suits 12-bit conversion applications. Aug 20,
pg 65 (P)
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(I%‘i)gh-vo]tage power MOSFETSs meet off-line-converter needs. Nov 20, pg 207

ICs and semiconductors. July 20, pg 134 (F)
ICs and semiconductors. Dec 15, pg 36 (F)

{r’;llp}%r;lent complex analog filters with a real-time signal processor. Nov 20, pg

Interlaced video displays utilize low-cost CRT controllers. Sept 5, pg 207 (F)
Linear ICs (Special Report). Aug 20, pg 71 (F)

Low-cost, high-capability LSI chips ease interface-bus implementation. Nov 5,
pg 36 (N)

Mideon '79 will track technology trends in electronic-component design. Oct 20,
pg 109 (N)

g[ql;ltifunction monitor/alarm ICs save money and design time. Aug 5, pg 45
&)f;-oriented octal buffer/latch combines best of speed and power. Aug 5, pg 63

Octal buffers simplify DMA access. Aug 5, pg 65 (M)
Power semiconductors (Special Report). Oct 5, pg 84 (F)

Preamp IC betters BiFET-amp noise spec by more than an order of magnitude.
Nov 20, pg 141 (P)

(PPB)OMS decode ASCII characters for segmented LED displays. Aug 5, pg 105

Real-time trace tracks faults in bit-slice microcode. Oct 20, pg 360 (P)

Recent signal-conditioning ICs approach discrete-module performance. Sept
20, pg 39 %N) £

Reduce crosstalk errors in analog multiplexers. Oct 5, pg 103 (F)
Single-board n.C allows memory expansion. Aug 20, pg 136 (P)
‘l‘ggy()%r; high-level” 4-bit uC performs most processing in 8-bit bytes. Sept 5, pg

Support chips gain in depth, but no surprises appear. Oct 20, pg 243 (F)
(SF\‘\;it,ched-capacitor techniques implement effective IC filters. Nov 5, pg 103

Technology update: Magnetic-bubble memories. Aug 20, pg 80 (F)
'(Ppl";ansient-voltage suppressors suit pe-board protection needs. Aug 20, pg 105

Use a systematic procedure to evaluate new wPs. Nov 20, pg 185 (F)
VLSI poses problems, promise for computer science. Aug 20, pg 56 (N)
Wescon/79. Sept 5, pg 120 (F)

pPs/pnCs

A concurrent high-level language requires run-time support. Oct 20, pg 325 (F)
A concurrent PASCAL produces sophisticated software. Oct 20, pg 333 (F)

A real-time alarm system tests EDN’s RTOS. Oct 20, pg 313 (F)

&‘r; 8x 8 multiplier and 8-bit pP perform 16 x 16-bit multiplication. Nov 5, pg 147
Analog design becomes software design with pP-based signal-processor chip.
Sept 20, pg 142 (P)

BASIC eases initial start-up in OEM controller systems. Nov 20, pg 103 (N)

gza;t(g;ige disc and software up development-system performance. Sept 5, pg

Character-string manipulations power a text editor. Aug 20, pg 111 (F)
Circuit arbitrates four 8080 interrupts. Nov 20, pg 147 (M)
(DFe)sign memory boards for RAM/ROM/EPROM interchange. Aug 20, pg 100

EGD(II;IDSoﬁware Note #33: Interrupt instruction gives breakpoints. Aug 5, pg

EDN Software Note #34: TRS-80 routine sorts strings. Aug 20, pg 67 (M)

IIEIIBIEJMS)oftware Note #35: 6502 routine multiplies signed numbers. Sept 5, pg

EDN Software Note #36: F8 routine swaps registers. Sept 20, pg 74 (M)
%D(II\JDSoftware Note #37: 6800 routine supervises service requests. Oct 5, pg
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A whole new world

of psoftware development.

ment. Hardware prototyping.
Testing. Consulting. Or just learning
about microprocessors. And,
because the MDT 1000 is Motorola
EXORcisor™ bus compatible, it
expands in a snap to meet growing
system requirements.
Programming the MDT 1000
saves time. That's programming as
it should be. The MDT 1000, with
optional BAS-1, offers over 20,000
bytes of ROM-based operating
software.This software availability is
made possible by the over 12,000
SYM-1 single board computers
already in use today. Standard fea-

[t's affordable. It's expandable.
It's a whole new world of microsoft-
ware development for everyone
using the powerful 6500 micro-

mation on the MDT 1000 Series,
contact your nearest Synertek
Systems distributor. Or call at
(408) 988-5682 or 988-56889.
Synertek Systems manufac-
tures a growing line of evaluation
microcomputers and keyboard
modules, OEM modules, and devel-
opment systems for both standard
and custom applications.

processor family—the MDT 1000
Series from Synertek Systems.
This is a Micro Development
Tool that has it all—complete with
CRT display, keyboard, system soft-
ware, three Micromodule boards,
EPROM programmer and power

tures include a powerful 8K ROM
resident assembler/editor, RAE.
The best thing about the MDT
1000 is that it's available right now—
in 4K, 8K and 16K RAM versions
at prices you would expect to pay
for a CRT terminal or EPROM pro-

grammer alone. Starting at $1,495.
Forcomplete technical infor-

supply plus optional CAS-1 re-
corders. For software develop-

S SYNERTEK SYSTEMS

A SUBSIDIARY OF HONEYWELL
150 S. Wolfe Road, Sunnyvale, CA 94086
(408) 988-5682 or 988-5689 TWX: 910-338-0135

For more information, Circle No 144
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l%v})N Software Note #38: Simulate multipath fading in BASIC. Oct 20, pg 120
M)

EDN Software Note #39: Routine displays text strings. Nov 5, pg 83 (M)
EDN Software Note #40: Z8002 scales BCD values. Nov 20, pg 147 (M)
EDN’s Sixth Annual pP/pC Chip Directory. Oct 20, pg 133 (F)

8080 routine emulates PLA hardware, Oct 5, pg 81 (M)

Hand-held computer games show increased versatility. Nov 20, pg 131 (N)

Hard-disc-based development system eases software/hardware integration.
Sept 5, pg 99 (P)

Impl%ment complex analog filters with a real-time signal processor. Nov 20, pg
171 (F)

Interlaced video displays utilize low-cost CRT controllers. Sept 5, pg 207 (F)
Let your personal computer talk to test equipment. Aug 20, pg 118 (F)

Low-cost general-purpose wC board increases interface flexibility. Aug 5, pg
143 (P)

Magnetic-tape drives meet many storage needs. Nov 5, pg 127 (F)

Midcon '79 will track technology trends in electronic-component design. Oct 20,
pg 109 (N)

Mini/Micro '79 scans the computer horizon—from data-base details to Star Wars
spectacles. Oct 5, pg 67 (N)

Multibus-compatible analog-1/0 boards incorporate high-gain differential
amplifiers. Sept 20, pg 144 %P)

nC system generates arbitrary waveforms. Aug 20, pg 67 (M)

wP-based data-acquisition systems also store, process and graph analog data.
Nov 20, pg 231 (P%

wP development systems offer the tools users need. Sept 5, pg 179 (F)
;Lpl;-oriented octal buffer/latch combines best of speed and power. Aug 5, pg 63

Octal buffers simplify DMA access. Aug 5, pg 65 (M)

Plug-in boards provide LSI-11s and PDP-11s with EPROM-programming
capability. Nov 5, pg 81 (P)

F;;mitives provide the operations that support concurrency. Oct 20, pg 299

Real-time trace tracks faults in bit-slice microcode. Oct 20, pg 360 (P)
Replace PIAs—save space and money. Sept 20, pg 73 (M)

Single-board pn.C allows memory expansion. Aug 20, pg 136 (P)

Single-board processor provides universal interface. Nov 5, pg 165 (P)

6502 routines aid debugging. Sept 5, pg 113 (M)

16-bit microprocessors (Special Report). Aug 5, pg 70 (F)

Software switches baud rate. Nov 5, pg 83 (M)

‘{(S)g;()%x; high-level” 4-bit nC performs most processing in 8-bit bytes. Sept 5, pg

Support chips gain in depth, but no surprises appear. Oct 20, pg 243 (F)
The kernel’s the key to concurrent operation. Oct 20, pg 303 (F)
’(I'Fl‘l)e single-board-pC alternative expands OEM design horizons. Oct 20, pg 256

UARTSs: Hardware or software? Oct 20, pg 119 (M)
H};—to—date rC hardware demands equally capable software. Oct 20, pg 293

Use a systematic procedure to evaluate new pPs. Nov 20, pg 185 (F)
Use EPROM 1-chip uCs as effective 1-shot lab aids. Aug 5, pg 97 (F)

Versatile in-circuit emulator complements any pP development system. Sept
20, pg 71 (P)

VLSI poses problems, promise for computer science. Aug 20, pg 56 (N)

Wi%e—rarl\?ging self-study courses bring the pC-design classroom home. Oct 20,
pg 69 (N)
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You're ready for 16-bit processors, but is your logic analyzer? Sept 5, pg 89
(0 80

Computers/Peripherals
6? )concurrent high-level language requires run-time support. Oct 20, pg 325

A concurrent PASCAL produces sophisticated software. Oct 20, pg 333 (F)
A real-time alarm system tests EDN’s RTOS. Oct 20, pg 313 (F)

%l;t(()g;nging 12-bit A/D converter extends dynamic range to 19 bits. Nov 20, pg
1

BASIC eases initial start-up in OEM controller systems. Nov 20, pg 103 (N)

géa';'ti:l')iglge disc and software up development-system performance. Sept 5, pg

Computers and peripherals. July 20, pg 266 (F)
Computers and peripherals. Dec 15, pg 230 (F)
EDN Software Tutorial: Hash coding. Sept 20, pg 108 (F)

Hard-disc-based development system eases software/hardware integration.
Sept 5, pg 99 (P)

Let your personal computer talk to test equipment. Aug 20, pg 118 (F)

(Ii&);v-cost CRT terminals grow smarter, but not more expensive. Oct 5, pg 55

Magnetic-tape drives meet many storage needs. Nov 5, pg 127 (F)

Mini/Micro "79 scans the computer horizon—from data-base details to Star Wars
spectacles. Oct 5, pg 67 (N)

Multibus-compatible analog-I/0 boards incorporate high-gain differential
amplifiers. Sept 20, pg 144 %P)

K,JP-based data-acquisition systems also store, process and graph analog data.
ov 20, pg 231 (I-%

Plug-in boards provide LSI-11s and PDP-11s with EPROM-programming
capability. Nov 5, pg 81 (P)

(f;‘r;mitives provide the operations that support concurrency. Oct 20, pg 293

Real-time trace tracks faults in bit-slice microcode. Oct 20, pg 360 (P)
Single-board pC allows memory expansion. Aug 20, pg 136 (P)
Single-board processor provides universal interface. Nov 5, pg 165 (P)

(1}9567M-byte 8-in. fixed-disc drive provides $113/Mbyte storage. Oct 5, pg 159

The kernel’s the key to concurrent operation. Oct 20, pg 303 (F)
EI‘Fi‘x)e single-board-pC alternative expands OEM design horizons. Oct 20, pg 256

Hi%-to-date wC hardware demands equally capable software. Oct 20, pg 293
V:srsag;gle analog-input board offers software-programmable gain. Nov 20, pg
143 (

Versatile in-circuit emulator complements any pP development system. Sept

20, pg 71 (P)
Voice input and output (Special Report). Nov 20, pg 158 (F)

Instrumentation, Test & Measurement

At $9600, this 21-GHz spectrum analyzer combines low price, high perform-
ance. Sept 20, pg 146 (P)

i\:a%t(()gnging 12-bit A/D converter extends dynamic range to 19 bits. Nov 20, pg

Capable IC sensors compensate T/C cold junctions. Oct 5, pg 121 (F)

gza’;tinl;i;ige disc and software up development-system performance. Sept 5, pg

Conductivity monitor uses one 747. Aug 5, pg 124 (D)

DMM handles lab/field measurements and provides diode-test capability. Aug
5, pg 143 (P)

&N){MS add functions and features as prices continue to fall. Nov 20, pg 83

DMM’s audible-response feature eases production testing. Oct 20, pg 356 (P)
R)z;ta recorder’s linearity error bows to solid-state light shutter. Aug 20, pg 133

EDN APRIL 20, 1980



3-lane express
for fiber optics.

Amphenol™ 801 Series connectors.

8 individual channels. Low insertion loss.
Plus the assembly speed of Amphenol
circular connectors.

Now there's a fast, precise reliable way to make up to eight separate fiber-optic
connections at one time. And to replace any optical channel as required.

The insertion loss per channel is only 1.5 to 2.0 dB with most fibers. It's done
with our spring retainer* that makes each channel independent of the tolerance
build-up of any other.

The 801 Series looks familiar because it's an adaptation of our Mil-qualified
circular connectors. So you get environmental sealing. And the speed of rear
insertion/rear removal. And you can use M83723/31-12 insertion and removal tools.

801 Series connectors are available in 4-channel or 8-channel configurations
(shown above). Both are designed for single fibers, but they can be adapted to
multiple fiber bundles. When using multi-fiber bundles, you can mix electrical and optical
contacts in any combination.

Optional strain relief mechanism protects the fiber bundle, maintains integrity of
fiber optics interconnect and can be potted for environmental sealing.

Put the speed and performance of our 801 Series to work on your fiber-optic
problem. For more information, call the sales office or distributor nearest you. Or contact
Shown 2/3 actual size our Danbury, Connecticut operations. (203) 743-9272.

*Patent pending

“=awe | AMPHENOL NORTH AMERICA

A Division of Bunker Ramo Corporation

Amphenol North America Division Headquarters: Oak Brook, |llinois 60521

Sales Offices: Atlanta (404) 394-6298 « Boston (617) 475-7055 « Chicago (312) 986-2330 « Dallas (214) 235-8318 » Dayton (513) 294-0461
Denver (303) 752-4114 « Greensboro (919) 292-9273 * Houston (713) 444-4096 * Indianapolis (317) 842-3245 « Kansas City (816) 737-3937
Knoxville (615) 690-6765 * Los Angeles (213) 649-5015 « Minneapolis (612) 835-4595 « New York (516) 364-2270 « Orlando (305) 647-5504
Philadelphia (215) 732-1427 = Phoenix (602) 265-3227 « St. Louis (314) 569-2277 * San Diego (714) 272-5451 « San Francisco (408) 732-8990
Seattle (206) 455-2525 « Syracuse (315) 455-5786 * Washington, DC (703) 524-8700

Canada: Montreal (514) 482-5520 « Toronto (416) 291-4401 * Vancouver (604)278-7636 * International: Oak Brook, |llinois TELEX 206-054

For more information, Circle No 145 SEE US AT ELECTRO '80 SPACE 2544-2550.
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Economical laser-diode light sources serve optical-instrumentation needs. Oct
20, pg 117 (P)

5-MHz master/slave waveform recorder monitors up to eight channels. Oct 20,
pg 354 (P)

Hard-disc-based development system eases software/hardware integration.
Sept 5, pg 99 (P)

IEEE-488-compatible instruments (Special Report). Nov 5, pg 90 (F)
Instruments. July 20, pg 94 (F)
Instruments. Dec 15, pg 266 (F)

Interface options increase flexibility of versatile digital-board tester. Sept 20,
pg 146 (P)

Let your personal computer talk to test equipment. Aug 20, pg 118 (F)
Looking for hot spots? Try a universal probe. Aug 20, pg 43 (N)

Lo%/éc?i}), high-capability LSI chips ease interface-bus implementation. Nov 5,
pg

Low-cost logic-state/timing analyzer checks parallel/serial data, signatures.
Nov 5, pg 1

Low-cost portable logic analyzer diagnoses analog and digital hardware. Aug
20, pg 61 ?P)

Meter monitors telephone sound levels. Aug 5, pg 121 (D)

Micr}:\(l)wave frequency counters sharpen accuracies, expand range. Aug 20, pg
49 (N)

wP-based data-acquisition systems also store, process and graph analog data.
Nov 20, pg 231 (I%

P development systems offer the tools users need. Sept 5, pg 179 (F)

Nine-range, line-powered capacitance meter features 0.1%-of-reading accura-
ey. Oct 5, pg 159 (P)

100-MHz dual-trace oscilloscope features high sensitivity, composite trigger.
Sept 5, pg 103 (P)

Probes and test cells simplify EMI testing. Sept 5, pg 51 (N)
Real-time trace tracks faults in bit-slice microcode. Oct 20, pg 360 (P)
Simple voltmeter monitors TTL supplies. Oct 20, pg 339 (D)

Ther(}a;s more to measuring power than calculating an EXI product. Oct 5, pg
129 (F)

Triple-pP plotters draw true curves. Oct 5, pg 160 (P)

(I%)x;iversal GPIB switching system interfaces analog, digital 1/0. Oct 20, pg 353
Vegs(apt)ile analog-input board offers software-programmable gain. Nov 20, pg
14

Versatile in-circuit emulator complements any wP development system. Sept
20, pg 71 (P)

You're ready for 16-bit processors, but is your logic analyzer? Sept 5, pg 89
(N)

Communications

Don't court disaster in DTMF signaling systems. Nov 5, pg 136 (F)
Fiber-optic data links serve industrial/audio uses. Oct 20, pg 359 (P)
Fiber-optic flashes: Conference, TV link. Sept 20, pg 60 (N)

Fiber-optic links for nontelecomm use help avoid overspecification problems.
Nov 20, pg 121 (N)

Fiber optics extends 488-bus link to 100m. Aug 20, pg 134 (P)

Frequx‘ency—synthesizer components ease the build-or-buy dilemma. Nov 20, pg
215 (F)

{g\pz%r;xent complex analog filters with a real-time signal processor. Nov 20, pg
1

Low-cost, high-capability LSI chips ease interface-bus implementation. Nov 5,
pg 36 (N)

(Iigw(vr-)gamﬁle transmit/receive modules increase packaging density. Sept 20, pg

222

Statistical time-division multiplexers grow faster and more flexible than ever.
Nov 5, pg 55 (N)

To understand serial communication, start with the basics. Sept 20, pg 125
F

Universal GPIB switching system interfaces analog, digital 1/0. Oct 20, pg 353
P)

Components

%\;to;anging 12-bit A/D converter extends dynamic range to 19 bits. Nov 20, pg
137 (P)

Bleepers, buzzers give your design a voice. Oct 20, pg 85 (N)

Circular connectors employ novel designs to deal with tough commercial
environments. Sept 5, pg 65 (N)

Components. July 20, pg 22 (F)
Components. Dec 15, pg 153 (F)
g‘o)n‘t neglect thermal concerns when specifying motor needs. Sept 20, pg 119

Dot-matrix LCD modules use CMOS-LSI drive. Aug 20, pg 133 (P)

Economical laser-diode light sources serve optical-instrumentation needs. Oct
20, pg 117 (P)

Fiber optics extends 488-bus link to 100m. Aug 20, pg 134 (P)

Flat-cable interconnection techniques bring relief to prototype-system
designers. Sept 5, pg 77 (N)

14-sligl'n(|;r)1t packaged display systems interface easily with equipment. Sept 20,
rg

Frequency counters span 30 MHz to 3 GHz. Sept 20, pg 63 (P)

:l;lrse ut)ency-synthesizer components ease the build-or-buy dilemma. Nov 20, pg
High-efficiency polypropylene capacitors enhance switching-power-supply
designs. Nov gO, pg 139 (l‘;)

Low-profile, low-power transformers fill many pe-board-mounting needs. Nov
5, pg 43 (N)

(Iig)vivr;g)roﬁle transmit/receive modules increase packaging density. Sept 20, pg
Midcon 79 will track technology trends in electronic-component design. Oct 20,
pg 109 (N)

Piezo films and tiny silicon-based relays promise innovative actuator designs.
Nov 20, pg 111 (N)

Pots and trimmers (Special Report). Sept 20, pg 80 (F)

(Sglr;npliﬁed drivers, new applications spur plasma-panel usage. Sept 20, pg 51
Surface-acoustic-wave devices replace conventional filter components. Nov 20,
pg 69 (N)

:I;JE)I?Er(agl)igh-speed S/D converters fit industrial-control applications. Oct 20, pg

(U;er—trimmable resistor networks reduce circuit-design costs. Aug 5, pg 93
)
Wescon/79. Sept 5, pg 120 (F)

Power Sources
gg))ol-running open-frame switchers regulate all outputs to 0.2%. Aug 5, pg 144

Desggners enjoy an expanded choice of battery forms and capabilities. Aug 5,
pg 33 (N)
Efficient pin-fin heat-sink design packs 200W switcher in 4-1b package. Oct 5,

pg 160 (P

High-efficiency polypropﬁlene capacitors enhance switching-power-supply
designs. Nov 20, pg 139 (P)

z-IFi)gh-voltage power MOSFETSs meet off-line-converter needs. Nov 20, pg 207
Low-profile, low-power transformers fill many pc-board-mounting needs. Nov
5, pg 43 (N)

Modulated boost-chopper battery charger improves electric-car operating
efficiency. Oct 5, pg 49 (N)

Power sources. July 20, pg 308 (F)
Power sources. Dec 15, pg 322 (F)
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Cable design has come a long way since
data transmission systems were handled
only by twisted pairs. Today, many so-
phisticated EDP systems have evolved
making miniaturization and higher speeds
prime design objectives. Brand-Rex has
been involved in these developments
from their beginning.

Because of this we can offer a broad
range of alternatives in sophisticated and
more efficient signal transmission cables.

Brand-Rex Signal Transmission
Cables comes in a variety of construc-
tions: with solid dielectric, air-spaced

dielectric, foam dielectric and irradiated
(cross-linked) cellular polyethylene cores.
Air-spaced and foam-dielectric cores
reduce cable size substantially without
sacrificing electrical quality. Irradiating
these coax cores increases their mechan-
ical integrity. Twin- and Tri-Lead cables
combine the advantages of coaxial and flat
flexible cable for complex applications.
We can design the exact perform-
ance features you need when we know
your application. To get a more complete
picture of our capabilities, send for our
brochure on Signal Transmission Cables.

Call or write Brand-Rex Company, Elec-
tronic and Industrial Cable Division,
Willimantic, Connecticut 06226.
203/423-7771.

BRAND-REX

ELECTRONIC AND INDUSTRIAL CABLE DIVISION
Brand-Rex Company Divisions

Abbott & Co.: electrical harnesses for industry
Brand-Rex Ltd. (Scotland): wire and cable

Electronic & Industrial Cable Division: wire and cable
Nonotuck Manufacturing Company: copper wire
Pyle-National Company: electrical connectors
Telecommunications Cable Division: wire and cable
Teltronics, Inc.: telecommunications products

BRAND-REX COMPANY, A PART OF /_\L(ZQF\@ INC

OUR SIGNAL TRANSMISSION
CABLES SPEED MORE SIGNALS
THROUGH LESS SPACE.

STATE-OF-THE-ART-SOLUTIONS

For more information, Circle No 146




Insert Molded
Assemblies!
If you buy,

specify or
use them let
Tricon quote

on your needs.

Let us take a hard look at your metal/plastics
combinations. We answer those two key
questions: ‘Is there a way to make them at

a lower cost?’ ‘Is there a way to make them
function better?’ Send us your prints, talk

to us or, for starters, let us send you our
handy booklets on Molded Assemblies and
Custom Switches.

TRICON INDUSTRIES, INC.
2325 Wisconsin Avenue
Downers Grove, IL 60515
Phone: (312) 964-2330

For more information, Circle No 147
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There’s more to measuring power than calculating an ExI product. Oct 5, pg
129 (F)

Universal-input 25W off-line switchers hold peak inrush current below 10A.
Nov 5, pg 165 (P)

Materials & Packaging

Catastroph-ic failures limit applications of high-density epoxy/glass pc boards.
Sept 5, pg 59 (N)

Circular connectors emplog novel designs to deal with tough commercial
environments. Sept 5, pg 65 (N)

(Fi‘l\)/ll shielding and protective components (Special Report). Sept 5, pg 165
Flat-cable interconnection techniques bring relief to prototype-system
designers. Sept 5, pg 77 (N)

Hardware and interconnect devices. July 20, pg 218 (F)

Hardware and interconnect devices. Dec 15, pg 108 (F)

Low-profile transmit/receive modules increase packaging density. Sept 20, pg
69 (P

Preferred-location socket pinning speeds boards to market. Aug 5, pg 61 (P)

Space-saving, low-cost prototype boards use insulation-displacement contacts.
Sept 5, pg B (P)

Today’s heat sinks, fans and blowers guard against overcooked semiconductors.
Oct 5, pg 37 (N)

;I;‘r?nsient-voltage suppressors suit pe-board protection needs. Aug 20, pg 105

Management/Career

Midcon’79 will track technology trends in electronic-component design. Oct 20,
pg 109 (N)

Wescon/79. Sept 5, pg 120 (F)

Well-geﬁned managerial policies optimize R&D productivity—Part 1. Nov 5, pg
115 (F)

Well-defined managerial policies optimize R&D productivity—Part 2. Nov 20,
pg 197 (F)
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NEXT TIME

In EDN’s May 5 issue, look for a preview of key
sessions and product exhibits at NCC ’80.
This year’s National Computer Conference
promises to be bigger and better than ever,
and EDN will be there. Also look for feature ar-
ticles on
* The latest serial printers, complete with a
handy clip-out chart
* The next step in EDN’s hands-on uC Design
Series exploration of analog uPs
* A handy programmable-calculator program
for calculating the noise bandwidth of filters
e Spec’ing CRTs for use in video terminals
... and much more. Look, too, for news round-
ups on developments in PROM programmers
and color CRTs, plus areport on the latest ac-
tion in 8-in.-hard-disc standards, plus our
regular uComputerist Corner and Design
Ideas departments. You can’t afford to miss
this issue!

EDN: Everything Designers Need
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MULTIPLE OUTPUT
SWITCHING POWER SUPPLIES

[HE SWITCHER COST BREAKTHROUGH YOU'VE BEEN WAITING FOR!

ower/Mate introduces Econo/Switch Multiple Output Switching

ower Supplies priced to give substantial savings, yet provide the

erformance and reliability you depend on in a quality switcher. Fcaturcs.

The use of Power/Mate's new monolithic chip permits the reduc- < h lated ®m R lari ti

on of parts count by 20% for a much higher MTBF, backed up ™ Up tofive outputs, three regula everse polarity protection.
ith a two year warranty. Reliability has been greatly improved by and two semi-regulated. m Soft start protection.

se of computer-aided “worst-case analysis,” individual testing of ~ ® Choice of voltage and currenton g Adjustable current limiting on
very|lCand semi-conductor, and acomprehensive burn-in program. all outputs up to maximum wattage regulated outputs
These carefully packaged units have extremely high component total. %

ensity for maximum wattage per cubic inch. The standard unit has ® Meets UL and CSA standards.

5V primary regulated output and two 12 or 15V regulated outputs, . Xﬁl‘;’gg adjustable on all regulated ® Convenient 2-surface mounting.
lus 5V and 24V semi-regulated outputs. Special units are manu- ; ; & Convection cooled
ctured to order with voltages specified from 5 to 28V for each ~~ ® Brownout protection. :

 the three regulated outputs and 5 to 50V for the two semi-requ-  m OVP standard on primary output. ™ Femote sensing.

ted outputs. Total continuous output power of the unit is 100, 200 ® Overload tecti B Advanced EMI filtering.
300 watts. (See charts) verioad protection. :

j : ; . : Pt " B |solated Returns. note 3
The Econo/Switch multiple output supply gives you exceptional ® Short circuit protection.

arsatility, combined with reliability, efficiency and compactness. ..

‘low cost.

:SM-100 Series—100 Watts ~ $199. | Spexcifications.

s e 5 .em T L
Max Cont. AC Input. 95-132 and 190-264 VAC. 47-63Hz
e U MOL“' —— OUM _Q"!t,?u.‘,z 4,Q‘J@,"l3 Q‘{M Q‘,"p_ u', 5 Outpg@ﬂer Regulation. Line 0 2% within AC limits specified above
Standard ESM-100-5001 | 5V@10A | 12V@3A | 12V@3A | 5V@2A | 24V@2A 100W Load regulation first three outputs +0 2% Load regulation
Models ESM-100-5002 | 5V@10A | 15V@3A | 15V@3A | 5V@2A | 24V@2A 100W 12SHIND Ot puig D v CTOES KEaUIHIONR S B
B . Do c T s o =l Noise and Ripple. 50mV p-p on first output. 150mV on all
Customized other outputs
Models | ESM-100-xxxx *@10A *@3A *@3A JL S@RA | T@2A e sT00WE - Temperature Coefficient. 0 02% per “C on first output, 0.05%
per “C on all other outputs
S M 200 SerleS _goo Wﬂttj 2 : - f $319- Efficiency. 65 to 80% typical
i L % I
e 2 <hes i r Max Cont. Tr:nssct)egt :io%so/g?g:gcﬁgﬁgéery to 1% in 2 milliseconds for
g o N el | Output Utpu‘ utput 3 0utpu,l’47 | Outppt 5 | Output Power Remote or Local Sensing. Provision included for improved
Standard ESM-200-5001 | 5V@20A | 12V@4A | 12V@4A | 5V@2A | 24V@4A 200W overall regulation
Models ESM-200-5002 | 5V@20A | 15V@4A | 15V@4A | 5V@2A | 24V@4A 200W Overload and Short Circuit Protection. Solid state short
3 5 5 1 = S i &y T 1 circuit protection. Automatic electronic current limiting
Customized circuit limits output current to a preset value, thereby
Models ESM-200-xxxx *@20A *@ 4A * @ 4A *@ 2A *@4A 200W providing protection for the load as well as the supply
|t P T i s R T n 3 Nt e Units cannot be damaged by prolonged short circuits
S M e 300 Series e 300 Watts $399 Overshoot. No voltage spikes on turn-on, turn-off or
bl et A e d 1 e b dl > (i Y [ e L Arrlen power failure
" Overvoltage Protection. Built in on primary output
Max. Cont. Energy Storage Time. The output voltage will remain within
| SRR . L MOdeI e (me‘ﬂ @'&‘3 OUtDUt 3 OUtpm 4 OUt_p_!t 5 ,ou'p‘“ POV!e" regulation for a minimum of 16 milliseconds after loss
Standard ESM- 300 5001 5V@30A | 12V@6A | 12V@BA | 5V@4A | 24V@4A 300W of AC input power (from nominal line voltage
Vodels ESM-300-5002 | 5V@30A | 15V@6A [ 15V@6A | 5V@4A | 24V@4A 300W Polety. Mey e st aslyoiiegetijpantioaing Ghito
e e = T e —————— e volts
Sustomized Soft Start. Provides input current imiting at turn-on
vodels | ES_M-300-xxxx *@30A | *@6A | *@6A | *@4A | *@4A 300w ! Long Term Stability. O 1% for 8 hours after 20 minute warm-up
ser specified Consult factory or local sales office Minimum 250 units Ambient Operating Temperature. Continuous duty from 0°C
ote 1: Maximum specified current cannot be drawn from all outputs simultaneously At no time should the average current exceed the to 71°C. Full rating from 0°C to 50°C, derate linearly to
aximum continuous output power Above this point output voltages and currents will be amnmaucsany reduced on all outputs Note 2: Out- 50% of rating at 71°C
it 1 must be loaded to 15% of total output power to maintain proper requlation of other outputs upply will not be damaged by no-load SlorageTempefalure. 55°Cto +85°C
n ¢ : M-200 a SM z S > £ ) mode a
;\r:y:‘av? “v':;;‘)t;nl?‘\’::“:" zﬁl:mamc\)):'gf's a?e |s:t’;((’ess 300 models all five outputs are isolated On ESM-100 models outputs 4 and Quality Control. In accordance with MIL-1-45208

ations: Crowbar up to B Amps $8 greater than 8 Amps $16 Add Suffix Vto Model No Cover $10 Add Suffix C to Model No

POWER/MATE. THE SWITCHER COMPANY.

514 S. River St./Hackensack, New Jersey 07601/(201) 440- 3100/ TWX (710) 990-5023
3303 Harbor Blvd./Costa Mesa, CA 92626/(714) 957-1606/TWX (910) 595-1766

The world’s largest supplier of quality switching power supplies.

For more information, Circle No 148




_ The last word
1n word generators.

»~ CONTROL &

SINGLE
STEP

TRIGGER

_PUN
PROGRAM

i e

-

<

interface

TECHNOLOGY WORD GENERAT

Introducing the RS-660. It's the world's
first interactive digital signal source and test tool.

Now you can combine the operating  at a time. No more guesswork. and the last word —in simple,
advantages of an intelligent terminal And it helps you generate any efficient digital testing and develop-
with the complex data generation arbitrary digital waveform in two ment. Write for our detailed new
capabilities you need to test and modes: word generation or timing brochure.
debug today's circuits and simulation. No more kluge boxes.
subassemblies. So you can easily create, verify

It takes you step-by-step through  and edit the patterns you want
each sequence necessary for data and, in turn, stimulate the device
preparation. And the parameters under test. With these known test
needed to setup typical operating signals you can determine whether

characteristics such as clock period, the outputs of the device are ,
bits/channel, etc. No more thumbing up to snuff.

®
through users’ manuals. You save time, with far fewer mterface
It lets you see a complete test errors, and a lot less hassle.

sequence — not just one bit or word The RS-660. It's the first step — TECHNOLOGY

150 East Arrow Highway * San Dimas, CA 91773 « TEL: 714-599-0848 « TWX: 910-581-3847

For more information, Circle No 149




“Smart force” power
from ERG < puts

in @ whole new light!

, sae?, - ‘
ge===>

PROBLEM:

As electroluminescent lamps age, their brightness
drops off considerably. Until now, this characteristic
has stymied many engineers who sought the exciting
design advantages offered by EL technology.

OLD SOLUTION:

“Brute force” — continually increase voltage sup-
plied to lamp to sustain EL brightness over lamp life
duration. Method often contributed to premature
lamp failure. And componentry was expensive!

NEW SOLUTION:

“Smart force” — achieve essentially constant EL
brightness through self-correcting DC-to-AC power
inversion. Energy-efficiency at /ow cost!

3! 14 T8 18k o B! 9,10

01 2

hrs. x 100
57’;2 rtng-!o-AC Luminescent Systems #20014-2 EL
el lamp (16 IN?) and ERG E613 - EO003
g it inverter (VIN = 12V).

Electro Show,

ERG spearheads the EL power breakthru!
From Endicott Research Group comes an exciting
new development in electroluminescent power
technology! An economical, yet reliable, power
source which overcomes the problem posed by
EL aging.

Because it automatically adapts its own voltage
and frequency over the course of EL lamp life, our
“smart force” E600 DC-to-AC inverter delivers con-
stant power output, maintaining essentially
constant brightness.

“ERG”opens the door to the EL universe

Our E600 helps you open the door to almost
limitless design options made possible by electro-
luminescence. Use EL to backlight LCD’s, mem-
brane switches and ‘“dead-front” panels. Or put EL
to work for lighting, for signalling, for decorating,
in a host of consumer, industrial and military
applications!

Tell us about your EL power needs

Our E600 has met the economy and reliability needs
of the auto industry! And now, we can tailor EL
power to your needs.

Let us know your: 1. EL surface area to be excited;
2.type of EL phosphors; 3.brightness level desired;
and 4. operating life.

Call or write today!

Subsidiary of Endicott Coil Co., Inc.

See us at r‘ -Vf Eﬂdicou ReseQI'Ch Group.|nC.

booth #1813. ‘ “ P.O. Box 128 Westview Station, Binghamton, N.Y. 13905
v 607-798-7846 TWX 510-252-0155

For more information, Circle No 150
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Get 1 watt output from
your H-P generator
with a Mini-Circuits amplifier!

0.05 - 1000 MH=
from $1 99

Need more than the 10 mw available from
your signal/sweep generator or synthesizer
for system and subsystem testing?

Just add a MiniCircuits’ ZHL wideband
amplifier and boost the 10 mw level to 1
watt or +30 dBm. Also, there’s an additional
benefit ... as much as 40 dB isolation will
be added between the generator and the
system under test. And VSWR is less than
2:1 over the full frequency range.

Upgrade your present generator now ...
check the specs and low prices below and
order your ZHL wideband amplifier today
... and we will ship within one week!

MODEL | FREQ. | GAIN | GAIN MAXIMUM | NOISE |INTERCEPT| DC POWER
NO. MHz | FLATNESS POWER |FIGURE | POINT :
OUTPUT dBm ; -
, e - 1-dB Vo 3RD ORDER| :

oL o d8 dB COMPRESSION | dB dBm VOLTAGE |CURRENT | $ EA. QTY.
ZHL-1A | 2-500 | 16 Min.| +1.0 Max. +28 Min. 11 Typ. | +38 Typ. +24V 0.6A |199.00 (1-9)
ZHL-2 | 10-1000 | 16 Min. | +1.0 Max. +29 Min. 18 Typ. | +38 Typ. +24V 0.6A |349.00 (1-9)
ZHL-3A | 04-150 | 24 Min. | +1.0Max. | +29.5 Min. 11 Typ. +38 Typ. +24V 06A |199.00 (1-9)
ZHL-2-8 | 10-1000 | 27 Min. | +1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.65A | 449.00 (1-9)
ZHL-32A | 0.05-130 | 25 Min.| +1.0 Max. +27 Min. 10 Typ +33 Typ 24V 0.6A 199.00 (1-9)

Total safe input power +20 dBm, operating temperature 0° C to +60°C, storage temperature -55°C to +100° C, 50 ohm impedance, input and output VSWR 2:1 max
For detailed specs and curves, refer to 1979/80 MicroWaves Product Data Directory, p. 364-365 or EEM p. 2970-2971

World's largest manufacturer of Double Balanced Mixers

- = L) 2]
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M In l-c Ircu 'ts

Domestic and International Telex 125460 International Telex 620156 MINI-CIRCUITS LABORATORY
A Division of Scientific Components Corp. R45/Rev/BM

For more information, Circle No 151
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Design Ideas

Edited by George Huffman

Speedy 12-bit DAS combines hard/software

Mike Parsin
Precision Monolithics Inc, Santa Clara, CA

With the increasing availability of high-accuracy
(0.1%) analog transducers, data-acquisition-system
designers more than ever face conflicting require-
ments. On the one hand, they should employ 12-bit
ADCs so as not to mask transducer accuracy with
system errors (ADCs are generally spec’d at +%
LSB, which equates to +0.012% for a 12-bit
device—just adequate for the job). But on the other,
they usually must try to read several channels at a
high throughput rate.

There are three basic ways of resolving this
conflict. The first employs an all-hardware system
using multiple flash converters—a very fast and
expensive approach. The second involves an all-

ORG  1000H ;
BEGIN: LXI D, 1808H ; LOAD MUX COUNTERS
LXI SP,200FH ; SET STACK POINTER
START: LXI H, 8000H ; SET MEMORY MUX ENABLE
MOV A, D ; READY MUX
MOV M, A ; ADDRESS MUX AND SAMPLE
NOP ; WAIT FOR MUX TO SETTLE
MOV A E ; ADDRESS MUX AND HOLD
MOV M, A ; HOLD ANALOG INPUT
STCON: LXI H, 8005H ; ADDRESS START CONVERT
MOV M, A ; START CONVERSION
DELAY: LXI H, 8004H ; WAIT FOR CONV COMPLETE
MOV A/'M ; CHECK CC
ANA A ; SET PARITY
JPO  DELAY ; CC?
LHLD 8001H ; TRANSFER 2 BYTE DATA
PUSH H ; STORE DATA IN STACK
DCR D ; COUNT DOWN SAMPLE COUNTER
OER. . E ; COUNT DOWN HOLD COUNTER
MOV A E ; TEST 8 CHANNELS
JNZ  START ; START NEXT CHANNEL
HLT

Occupying just 37 memory bytes, this 8080 software routine is
faster than the hardware it drives. Initialization, single-channel
conversion and data storage require only 83 psec; MUX settling

software configuration using successive- time accounts for the NOP.
= 4 ADRO/ MWTC/
DATA BUS .
ODATO/
% i ADRF/
ADRF/
s B 3 s | AV
ANALOG | - Y - :
inpuTs 077 Mux-08 7 L -
- ADDRESS B CKIqa
CLK
12-BIT :
>IN ADC SC * mwa
(723 EN; EN;
MSB  |LSB el N, i
ANALOG EMSMP 11 |AnALoG ]
W L OCCLK/
-IL 0.005 4F
= CONTROL
BUS
MWTC/
OMRDC/
OADR2/ ADRO/O i OQADRB/
ADRB/ ADDRESS BUS i

ADRF/

J)ADFHI

—

L

Speedy data acquisition results with this 8-channel, 12-bit system. Interfacing to an 8080 Microbus, it expands to 64 channels with

the help of four MUX-16s.
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Design Ideas

approximation conversion (SAC) techniques—a
method low in hardware costs and throughput rate
but high in processor overhead. The third method,
described here, centers on a fast 8080-based
software driver coupled to a low-cost hardware
design.

The circuit depicted in the figure interfaces with
the 8080 Microbus and the SBC 80/10 bus. You can
expand the 8-channel version shown to 40 inputs by
using five MUX-08s or to 64 inputs by employing
four MUX-16s.

The software routine is only 21 instructions long
and occupies 37 bytes of memory. Memory mapping
speeds it up: Initialization, single-channel conversion
and data storage combined take only 83 psec (in fact,
the design calls for a NOP to slow the software down
so that the MUX can settle).

When addressed, the MUX selects and inputs an

analog channel to the S/H; from there, the signal
goes to the 12-bit ADC for conversion. BEGIN
starts loop initialization, setting registers D and E
and the stack pointer (SP); then, START addresses
the MUX and S/H. Conversion commences (STCON)
with a LOW at SC, then loops in DELAY while
waiting for completion.

Instruction LHLD 8001 loads the wP’s H and L
registers with the 2-byte ADC word, which PUSH H
then pushes onto the stack. Counters D and E are
decremented, and (if they are not zero) the program
loops back to START, ready to input the next analog
signal. After conversion of all eight channels, data is
stored in memory locations 2000 through 200F. EDN

To Vote For This Design, Circle No 457

Output Enable resolves

Michael Bolan and Sandy Scherpenberg
Mostek Corp, Carroliton, TX

A microprocessor system can be plagued by

bus contention

performance problems unless you give proper
attention to timing parameters. One often over-
looked timing-related problem, memory-bus conten-
tion, can produce symptoms ranging from cata-
strophic system damage to soft errors that dont

yield to straightforward troubleshooting techniques.
Continued on pg 234
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Fig 1—Bus contention results when two or more buffers on the address/data bus (a) are simultaneously enabled. Timing overlaps
arising from device delays (b) can cause hardware/software failures.
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ure product of “relay efficiency.”

Relay efficiency(y)

A breakthrough
in relay efficiency.

The SE Amber relay’s key to

higher efficiency lies in greater

miniaturization coupled with
high reliability and greater
switching capacity.

»High sensitivity in small size.

Operating power (W)]
x Volume(cm?®)

The SE Amber relay’s 4-gap

balanced armature delivers a

highly efficient polarized mag-

netic circuit—-sensitive enough

to be driven directly by an IC,

in a space 28L x 12W x

10H mm.

Sensitivity

Pick-up power 100 mW

Nominal operating power 200 mW

Dimensions

28L x 12W x 10H mm

Volume 1302 x 472 x .394 inch
Header area  336mm?2 .521 inch?
Height 10mm  .394 inch

Wide switching range.

The sum of all contacts‘]

switching capacity (VA)
Switching is possible from
100pA 100mV DC to 4A 250V
AC, thanks to the 4-gap bal-
anced armature system and
special multi-layer clad con-
tacts. A single SE relay can

Operating power(W) x Volume(cm)

handle maximum and mini-
mum switching simultaneously.

¢ High reliability and long life.
The balanced armature system
with permanent magnets gives
larger contact pressure. Bifur-
cated contacts and lower con-
tact bounce add to contact relia-
bility and expected contact life.

to shock and vibration. Vibra-
tion resistance: 10 to 55G
(amplitude: 3mm) Shock re-
sistance: 50G (11msec.).

SE relays are available with
bifurcated contacts in 2a2b
and 4a contact arrangements.

* Multiple latching.
2-coil latching types are avail-
able, in addition to single side
stable types. Single SE relays
have a latching capability with
multiple contacts, one contact
can control the circuit while

* Amber design and
construction.
Designed for automatic wave
soldering and cleaning, the
sealed SE Amber relay per-
forms reliably under conditions
where hydrogen sulfide, sil-
icone and ammonia fumes

prevail. the other can switch the load
* High vibration/shock simultaneously.
resistance. ¢ Low thermal

electromotive force.
Because the SE relay has

The balanced rotating arma-
ture provides great resistance

No. of operation, x10’ WEIBULL
F(1) (%) t

90.0}—m=16

R-O—u=1.9x10
Contact reliability 60.0{—0=5.1x10"
Test condition: %0.995% reliability limit = 1.46x107 T3
DC1V/AmA, 50 -
4 contacts in series //
Detection level 10() L
Sample: S4E-24V 2.0
Q'ty = 10

1.0

0.1 0.2 1.0 2.0 4.0 6.08.010.0 20.0

See us at Booth #2315, 2317, 2319/Electro '80 Boston, MA/May 3-15

For more information. Circle No 152

e Varied contact arrangement.

The sum of all contacts’ switching capacity (VA)

completely separate coil and
contact chamber areas, ex-
tremely low thermal electromo-
tive forces are possible.

¢ Dual in-line package

arrangement.
This 2-track terminal arrange-
ment allows easier component
insertion, easier layout and
identification of terminal loca-
tions, and simpler in-line
checking.

Relays for
Advanced Technology

Aromat

Member of Matsushita Group

Aromat Corporation:
250 Sheffield Street
Mountainside, NJ 07092
(201) 232-4260

Mid-Western Office:
311 Lively Bivd

Suite 1

Elk Grove Village, IL 60007
(812) 593-8535

Western Office:

10400 North Tantau Avenue
Cupertino, CA 95014

(408) 446-5000

Contact Your Aromat Representative
or Distributor Today.



THE BEST ADC80 YOU

WE CAN FILL ALL

YOUR ADC80 ORDERS
IMMEDIATE
FROM STOCK

Coming up with a vastly improved ADC80 is one
thing; making sure that it's readily available in
guantity is quite another, Analog Devices has
done both.

Our ADC80 is a complete 12 bit successive
approximation analog-to-digital converter
that includes an internal clock, reference
and comparator. It needs no external
components to perform a12 bit

accurate A/D conversion in only 25 us. To make
it the best ADC80 you can get, we added lots of
improvements. First, we only used half as many
chips, so it’s much more reliable. Then, we used
a monolithic D/A chip so we can guarantee no
missed codes over a wider temperature range.
Ours also consumes less power, and the refer-
ence output can supply up to1.5 mA of current
to external circuitry. We even have a 40ns status
delay that guarantees valid data at the end of

a conversion. After we made a better ADCS80,
we made darn sure we put plenty

into stock. So you can get as
many as you need.
Now.

DESIGNED
AND BUILT TO LAST
FAR LONGER.

Our ADC80 is not only better, it's more reliable.
Not only does it have half as many chips (17
versus 34), but we’'ve reduced the number of
bond wires by 63% from 177 to 73. We've even
improved the packaging with a “SLAM"* ceramic
dual-in-line package that eliminates the sub-
strate. The result in terms of calculated MTBF is
that ours will far outlast theirs.
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Number of Chips

17 34

MTBF (failures/million hrs.*

5.1 24.8

Temperature Range for No Missing Codes

-25¢c to+85¢ 0t0+720C

Power Dissipation

| 800mW  950mW

Max.Reference Output Current

LS5mA 0.2mA

Chip count determined from actual devices. *MTBF’s calculated per MIL-HNBK-217C.
Other BB data taken from published data sheet.

PERFORMANCE SPECS
THAT ARE SPECTACULAR.

Our ADC80 clearly beats the competition (see
chart) in terms of chip count, calculated MTBF,
temperature performance, power consump-

tion and reference output current. And our
40ns status delay allows you to latch output
data directly into a data register without losing
the 12th bit. This is a real cost saver, because it
means you don't have to add external status
delay circuitry.

IF YOU LIKE OUR
ADC80s, YOU'LL LOVE
OUR DAC80s.

If you're looking for a pin-for-pin replacement
for the industry standard DAC80 12 bit D/A con-
verter, look no further. Our DAC80 features an
internal output amplifier that settles to =0.01%
in 3 us (voltage models), guaranteed mono-
tonicity over the O to +70°C temperature range,
and a low profile ceramic dual in-line package.
The same innovative design techniques used

in our ADC80s are also incorporated in our
DACB80s. So we also have the best DAC80,

with fewer chips, high reliability,

better tempera-
DAC 80

ture drift, and

lower pov%/,er Number of Chigs

consumption. preriviis R
Max. Totel Bipoler Drift

You'll even ( B e

love the price i\ Max. Power Disipefion prae
of our DAC80 ——
(starting at $18.50in100°s).
And like our ADC80s they're in
great supply (@nd demand).
For more information on our
ADC80s and DAC80s, get in touch
with Doug Grant or Don Travers at
(617) 935-5565, or write Analog
Devices, Inc., P.O. Box 280, Norwood,
MA 02062.

ANALOG
DEVICES

WAYOUT IN FRONT

Analog Devices, Inc., Box280 Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: (312) 894-3300; West Coast: (714) 842-1717; Texas: (214) 231-5094; Belgium: 031/37 48 03;
Denmark: (02) 8458 00; England: 01/94 10 46 6; France: 687-34; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands; 076/879 251; Switzerland: 022/315760; and

representatives around the world.

For more information, Circle No 153



Design Ideas

Bus contention occurs when two or more output
buffers on the same line are simultaneously enabled
and can prove particularly troublesome when the
data bus is bidirectional and address multiplexed.
The resulting large current transients can disturb
adjacent circuits or cause power-supply fluctuations
sufficient to destroy memory-data integrity.

Fig 1a shows an 8085 microprocessor system, with
time-multiplexed address/data functions, that em-
ploys a PROM for memory selection and a latch for
separating the lower eight addresses from the data
bus. The system’s memory consists of a matrix of
2114-3 1k x4 static RAMs, which access in 300 nsec.
The PROM is inhibited by the I0/M and ALE signals
until address decoding is established. It then
generates a clean chip-select signal (CS) for the
selected memory device within 30 nsec of the ALE’s
trailing edge. The address arrives at the appropriate
2114 delayed 15 nsec because of the latch’s propaga-
tion delay, shown in Fig 1b. “ia

Once CS arrives at the memory device, CS-to-
data-active time begins, and the output can become
active in as little as 20 nsec. As a result, 50 nsec
(30+20) after the trailing edge of ALE, the output
buffers become active (low impedance) onto the
address/data bus. However, because the 8085’s

address-hold time is 100 nsec min from ALE, the bus
is in contention for 50 nsec.

You can resolve this contention problem by adding
some logic to delay the CS signal. However, for some
applications this approach could degrade access—
requiring the use of a higher performance memory
device. The circuit board would also suffer the loss of
potentially valuable real estate to the extra logic
devices.

A better solution involves using a memory device
with an output-enable function (OE): Fig 2a shows
the 8085 memory interface with an MK4118
substituted for the 2114s. CS and address signals are
handled exactly as before; however, the read (RD)
signal now connects directly to the memory to
provide control of the output buffers. The timing
diagram (Fig 2b) illustrates how the OE control
function holds the memory output inactive for 130
nsec min until the output is activated by the
microprocessor. Because the OE access time is faster
than the CE access time, no performance loss

(a)

results. EDN
To Vote For This Design, Circle No 458
[¢—————575 nSEC ————————— | 8085A
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Fig 2—By substituting an MK4118 for the 2114 memory chips (a) and employing the pwP's RD function as an output enable (O_E),
you hold the memory’s output inactive (b); bus contention thus can’t occur.
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Spiif
Personality.

Primary side

Barrier N
Secondary side

Recognized Component

Underwniters Laboratories, Inc

Our ingenious split bobbin
transformer design gives you
high isolation...at low cost.

Ordinary transformers have to be shielded to get high isola-
tion. Our transformers are different. .. and better. By separat-
ing the primary from the secondary windings — through our
split bobbin design—we achieve high isolation at lower cost.
That's what you should expect from the world leader in off-
the-shelf transformers and chokes. And that's why thousands
of companies swear by Signal for quality, value and complete
satisfaction. Wide choice of secondary outputs available on
all types.

PRONTO DELIVERY
We ship your prototypes in 48 hours. These three distinct,
hard-working personalities are always available for Pronto
delivery.

2500 V RMS HIPOT.

Non-concentric windings
and low capacitive coupling. Vi% 2304
Available with 115V or dual 50 60 Hz
8

115/230V primaries. Split - ‘ \
secondary windings can be I
series or parallel connected. 8 PIN

J TYPE DST

SPLIT/TRAN® 3 C

5

4
& ForsvDC
x DC OUTPUT

For optimum powering ‘ gl '15/230v 7

of 1” space PC boards. | ! 50/60Hz 8
Delivers 6 VA in less than | s
.085" height. ¢ g For =12Vor
(Semi-Toroidal windings.) ‘ 1SV.OUTRUT

10
DMPC & MPL TYPES

F2

2500 V RMS HIPOT. T
The signal for a 50% cut 5035533, .
in transformer size & F1
weight at significantly

less cost. 1

DUAL PRIMARY




Design Ideas

Envelope generator has isolated timings

Bonaventura A Paturzo
Xerox Corp, El Segundo, CA

This envelope-generator design (unlike most equiva-
lent circuits published) provides truly independent
attack, sustain and decay adjustment—without
affecting output amplitude. Gated by IC, and IC,, the
CMOS switches (IC;) isolate the attack and decay
adjustments, and the RyIC;, combination permits
post-decay-effect adjustment by controlling circuit
recovery time. The clocked JK flip flop (IC) allows
one and only one output for each positive-going input
transition.

At rest, IC;s is enabled, shunting to ground
(through R;) any charge on C,. Triggering disables
IC;a and enables IC;s, initiating the attack
function—the charging of C, through Ry,. When the
voltage on C; reaches 2.5V (set by the Ry/R; ratio)
the comparator (IC,) switches HIGH. The R;C,Q,
stage then generates a negative-going pulse, trigger-
ing IC; (a 555 configured as a monostable whose ON

(sustain) time is set by Ryp). While IC; is HIGH, all of
the CMOS switches (IC;) are disabled, holding
(sustaining) C, at the 2.5V level. When IC; times out,
ICyc is enabled, starting the R,C, decay time cycle.
When the trigger returns to ZERO, IC; is
re-enabled, bleeding-off C,’s remaining charge
through R..

Attack and decay times are simple functions of
their respective RC time constants. Sustain time,
however, is defined by

Ts= 1. 1(R10+ Rn)Cg.

The circuit requires no precision components,
although low-leakage, temperature-stable capacitors
(for C, and C;) are recommended for achieving
repeatable operation. Additionally, use a high-
impedance, de-coupled buffer to couple the output to
an external circuit—unless, of course, that circuit
introduces negligible loading of C.. EDN

To Vote For This Design, Circle No 459

QENVELOPE
OUTPUT

TRIG

NOTES
ICy, 1C, = 4001

IC;  =4016
ICy  =LF311
ICs =555
ICe  =4027

CMOS switches isolate the independently adjustable attack, sustain and decay times of this envelope generator. Determined by the
5V supply and the R4/Rs ratio, the output swings between 0 and 2.5V—even for zero sustain times.
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Beryllium copper isn’t in her shampoo. It’s in the beryllium copper alloys will operate at temperatures
switch of her hair dryer, which she turns on and off from —320° to 800°F.

hundreds of times a year. Without beryllium copper

contact springs, it wouldn't be as reliable. Because these alloys are easily formable before

hardening, they're ideal for producing complex
Beryllium copper stands up to tough use. It shapes, and can save you manufacturing time over
upgrades the reliability of a product at reasonable other materials. The availability of many special
cost. No other material can match its unique forms also cuts manufacturing costs.

combinagion of propexties. Send for a booklet that tells you all you need to

KBI beryllium copper or nickel alloy has good know about these materials. Circle the number
conductivity along with very high tensile strength, or write P.O. Box 1462, Reading, PA 19603

excellent mechanical and spring properties, plus
good corrosion and fatigue resistance. Some KAWECKI BERYLCO INDUSTRIES, mc.@
Cabet Corporston




Your choice!

For 10 years, designers of

UNINTERRUPTABLE POWER SUPPLIES
INDUCTION HEATING INVERTERS
D.C. CHOPPERS & A.C. DRIVES

have chosen distributed gate thyristors from

WESTconEsemiconductors.

We know those applications.

NOW triple diffused, single element fggﬁ:’ﬁfs“' 50A PEAK,

- : 25 AMPS
550 volt Power Transistors are available CONTINUOUS.  CONTINUOUS.
from the Leaders in Fast-Switching GAIN OF 10 GAIN OF 10
Power Semiconductors.
450A PEAK, 300A PEAK,
300 AMPERES 200 AMPS

CONTINUOUS.

CONTINUOUS. GaneAET
GAIN OF 10

FREE
WHEELING
DIODES
AVAILABLE
WITH
FAST,
SOFT,
RECOVERY

w:srcoma@

semiconductors
Box 1569, Richford, Vt. 05476  Telephone (514) 263-1028

For more information, Circle No 155
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The Shortest Line Between Design
Points is Multiwire.

MULTILAYER

Regardless of what design technique you use —
even with a computer aided system — designing
multilayer PC boards can be a guessing game. Many
times, in the last 5% of the routing, you find yourself
up a “‘blind alley" and you have to go back to “start”.

*Multiwire is a U.S registered trademark for the
Kollmorgen Corporation discrete wired circuit boards

EDN APRIL 20, 1980

For more information, Circle No 156

MULTIWIRE

With Multiwire, you can easily avoid such blind
alleys . . . for design-time savings in your circuit
boards. Routing is under complete computer control.
All you have to do is prepare artwork for the power
and ground planes, the net or “from-to” list, and a
fabrication print showing component location and
board configuration. The Multiwire design program
takes over from there. Results:
your design time is cut. And,
when design changes are
needed, Multiwire lets you
make them . . . quickly, easily.
Electrical characteristics are  Atypical example of the circuit

: lensity achievable with Multiwire
consistent and controllable,  circuitboards
inspection costs are cut and production yields go up.

Why wait? For complete details write or call today.
Multiwire, 31 Sea Cliff Avenue, Glen Cove, NY 11542,
Phone (516) 448-1307.

A A vuLmwire
“DlVlSlON

KOLLMORGEN CORPORATION
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Small
when the size goes down,
eCOnOmy the cost goes up. Not at C. Itoh.
° You can get the precision Model
Sl Ze 210 (roll feed) or 210S (sprocket feed)
o dot matrix impact printer for a lot less
than you're paying for comparable printers. But just because the
price is low doesn’t mean the quality is. Both are 2.4 LPS two-color
printers capable of printing 5 x 7, 7 x 7 and 9 x 7 matrixes from a
highly reliable seven-wire head. Requiring only 24 VDC power,
these compact printers are the perfect OEM unit
for POS cash registers, home computers,
data loggers, electronic calculators
and general peripherals
... anyplace where small size
and low price make a
difference. Measuring
only 3.1" H x 4.8" W
x58'D, the

Model 210 prints
26-35 columns_ innloe

The
210

| I OI I I of printable area; the 210S prints
22-30 columns in 2.2" of printable area.

‘ ItOh Economy size. Economy price.
B * Of course. It’s from C. Itoh.

<3 C. Itoh Electronics, Inc.

5301 Beethoven Street, Los Angeles, California 90066

C. Itoh Call: (213) 390-7778 » Telex: WU 65-2451
means excellence  East Coast

in printers. 666 3rd Avenue, Chrysler East Bldg., N.Y., NY 10017
Call: (212) 682-0420 * Telex: WU 12-5059 k

C. Itoh Electronics is part of the C. Itoh & Co. Ltd, world-wide trading organization.

For more information, Circle No 157
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Feature Products

Monolithic music makers
croon lullabyes, sound alarms

If you hear music and there’s no
one there, you could be listening
to a 7910 Series IC. Six of the
eight standard preprogrammed
chips in this series offer
renditions of “Greensleeves,”
“Home on the Range,” “Mary
Had a Little Lamb” and several
other tunes. Additionally, four
of those parts can imitate a door
chime and emit a beeping alarm.

The family’s remaining two
devices emulate Westminster
chimes. Designed for use in
toys, music boxes and clocks,
the chips are also available
custom programmed with your
own musical selection.

Virtuoso performance

The manufacturer has packed
considerable potential virtuosity
into these monolithic CMOS
music makers. In addition to
music/alarm-select logic, a
master oscillator and an output
preamp, you get two envelope
generators (main melody and
accompanyment) and several
ROMs:

® The melody ROM is the

heart of the devices.
Twelve bits wide and 128
words long, it can store
one or two tunes with a
total length of 128 notes
and rests. The note
durations range from
one-sixteenth through
whole, and frequency
range spans 2% octaves in
pure or even tempera-

ment.
® The tempo ROM can

supply 16 different ca-
dences, ranging from
prestissimo (as fast as
possible) to largo (slow

Two melodies, a door chime and a beeping alarm emerge from a 16-pin 7910 Series
IC, shown here mounted in its evaluation board. The chip contains separate main-tune
and accompanyment generators and several ROMs that allow it to play tunes of up to

128 notes over a wide range of tempos.

and solemn), with any two
cadences appearing in the
same tune.

® The control ROM (in
concert with a 6-bit
address counter) not only
keeps track of the tunes’
starting addresses, but
also provides for up to
eight repeats within a
piece.

Operate on 1.5V

Housed in 16-pin DIPs, the
7910 devices operate over —10
to +55°C and require a single
1.5V battery. The chips’
standby (oscillator off) current
is only 2 pA typ; with the
oscillator on, they need just 70
rA typ plus whatever current

the outboard audio-driver devic-
es require. Each chip sports a
2-terminal true push/pull output
capable of sourcing and sinking
at least 150 pA of base current
for the drivers.

You can evaluate the 7910
Series’ performance with a
board available from the
manufacturer. Pick a chip, add a
battery and speaker and
listen—the board contains the
other necessary components.

The board (without chip,
battery or speaker) costs $14.
Standard preprogrammed chips
cost $3.50 (10).

Epson America Inc, 23844
Hawthorne Bivd, Torrance, CA
90505. Phone (213) 378-2220.

Circle No 451
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Feature Products

Ultraminiature liquid electrolytics
sport high electrostatic capacitance

Would you believe a capacitor
that packs 10F in 0.3 in.?? That’s
exactly what Gold Series
devices provide. Despite their
high capacitance, though, these
devices are compatible with
pe-board mounting require-
ments—a 10F unit measures
1.46 in. long and only 0.51 in. in
diameter.

The units capitalize on a
proprietary construction tech-
nique, based on the use of a
liquid electrolyte and double-
layer foil, to achieve the high
values, ranging from 1 to 100F.

Specifications for a 10F unit
include rated working voltage of
1.6V de, =20% tolerance, 1Q)
internal impedance (at 1 kHz
and 20°C), minimum leakage
current of 1 mA (after 10 min at
20°C and rated voltage),
operating range of —20 to +70°C
and high reliability—less than
3% failure rate after 50,000 hrs
(at rated voltage and 40°C).

Backup capability
While Gold Series units offer

Go\d Cap

Go\d tap

IOFarad
I.8v

|10F arad

High capacitance in a small package highlights the Gold Series of electrolytic

capacitors. A 10F device, for example, measures

1.46 in. longx0.51 in. in

diameter—dimensions that qualify the units for pc-board mounting.

improved performance in many
typical capacitive applications
(long-time-constant circuits, for
example), they also perform as
backup sources for RAMs in
case of power failure.

To serve such applications,
you can connect four 10F units
in series to obtain a 2.5F
capacitor with a voltage rating

of 6.4V dc. Under a 1-mA load,
this combination requires more
than 1 hr to discharge to 2V.
$1 (10,000) for 10F unit.
Delivery, stock to 12 wks ARO.
Panasonic Co, Electronic
Components Div, 1 Panasonic

Way, Secaucus, NJ 07094.
Phone (201) 348-7173.
Circle No 452

NEXT TIME

In EDN’s May 5 issue, look for a preview of key
sessions and product exhibits at NCC ’80.
This year’s National Computer Conference
promises to be bigger and better than ever,
and EDN will be there. Also look for feature ar-
ticles on

* The latest serial printers, complete with a
handy clip-out ehart

* The next step in EDN’s hands-on uC Design
Series exploration of analog uPs

* A handy programmable-calculator program
for calculating the noise bandwidth of filters

* Spec’ing CRTs for use in video terminals
* The creation and use of microcode for mini-
computers

... and much more. Look, too, fornews round-
ups on developments in PROM programmers
and color CRTs, plus areport on the latest ac-
tion in 8-in.-hard-disc standards, plus our
regular uComputerist Corner and Design
Ideas departments. You can’t afford to miss
this issue!

EDN: Everything Designers Need
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Meeting industry
display needs for
three decades

See us at
, ELECTRO ‘80
BOOTH 2444-2448

DUSTRIAL ELECTRONIC ENGINEERS, INC. ® 7740 Lemona Ave.. Van Nuvs. CA 91405 @ Talanhnna (9121 727.1244 & TIIV. A4n Anc 47n~ .



clock oscillator
for Zilog Feature Products

Z8000 or Z80A

|
|

Low-cost dot-matrix printer
‘delivers high-quality output

Model K1160A crystal
clock oscillator

This thick film hybrid oscillator
with active pull-up provides the
precise waveform required to
drive the Z8000 or the Z80A.

The single DIP saves board
space needed by up to 17 dis-
crete components it replaces,
and eliminates wasted produc-
tion man-hours spent analyzing
oscillator circuits and matching
crystals to circuit components.

Plug the K1160A into your
Zilog microprocessor circuit de-
sign and forget your crystal oscil-
| lator problems.

| Circle No. 353

‘Intel and 8041/8741 are trademarks of Intel Corporation. Zilog and
8000 are trademarks of Zilog, Inc.(M)and Motorola are trademarks
of Motorola Inc

CEnrrom,,.

clock oscillator
for Intel

8041/8741

universal programable

interface element High-quality printing and text-processing features make Centronics’ Model 737 a
versatile dot-matrix impact printer.

You don’t usually associate Users can also select character
correspondence-quality printing  density: The unit provides both
with dot-matrix impact print- 10 and 16.7 cpi. A full
ers, but Model 737 challenges  96-character ASCII set ensures
| that viewpoint. Its high-density = the printer’s ability to express
dot-matrix printhead, printing = whatever needs expressing.

Model K1150A crystal

: i X ’s 3
clock oscillator ‘ chalu'a;tlteri1 lm anhn 9 arl'{ray, not Becal.lse not everyone’s te>;1t
This thick film hybrid crystal | only handles the pesky true- processing requirements are the
clock oscillator gener%tgs the descender problem with style, same, the 737 handles three
two complementary CMOS com- : se :
patible waveforms required to F)ut also furn_ls.hes true unde?hn paper types with equal ease—
dri1\_/§ the Inltel 804k1/8741. it ing capability and prints letterhead, fanfold and roll. For
e single-package oscillator : : :
concept not only saves board superscripts and subscripts as  users with a lot to say, one
space, g also stues labor and well. command lets the printer output
overhead costs all down the line. : ) : . =
Plug the K1150A into your uni- \ , of course, thls uanS magic 132 columns in t.he same space
versal interface design. ‘ isn’t all in its printhead; normally required for the

bidirectional paper control  80-column format. $995 (OEM).
makes precise dot placement a  Delivery, 60 days ARO.

@ MOTOROLA INC. breeze. . Centronics Data Computer
Obviously intended for the Corp, Hudson, NH 03051.
COMPONENT PRODUCTS ‘ text - processing marketplace,  Phone (603) 883-0111.
g‘:’:gkr}‘ifgfr'ﬁ}fgmm the 737 outputs 80 cps while Circle No 453
312/451-1000 ‘ furnishing proportional spacing
m&%&%—a%—gmg and right-margin justification.

Circle No. 354
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Match with MSGC custom memories

and microcomputers too. Standard off-
the-shelf systems may not match up to your
special needs. MSC can design and
produce a memory system using the best
technology, parts, and form factors avail-
able to meet your specific operating
requirements. Our custom engineering
capabillities also extend to microcomputers
designed to an industry standard bus

Multiple Sourcing MSC custom products
utilize components from a wide range of
industry sources, resulting in less delays in
production, replacement, and delivery.

Full Spec Components We use only full
specification components, and test strin-

69

l\/]oﬂohtmc
gf @M/ coo

gently to assure reliability and remove
defective elements.

Design Time Savings Our custom products
relieve you of unnecessary design and
engineering time, allowing you to direct your
resources toward other important areas.

Cost Savings The security of a fixed-price
contract protects against cost overruns,
while MSC experience assures best-value
component selection. For more information
on MSC custom products and other
Monolithic Systems Corp. products and
systems, please contact us at 14 Inverness
Drive East, Englewood, Colorado 80112.
(303) 770-7400. Telex: 45-4498.

Extending the limits of information.

MSC Regional Sales Offices: Eastern Region | 101-B9 State Road, Princeton, NJ 08540, (609) 92 1-2240, Central Region 7200 East Dry Creek Road, Suite #B203, Englewood, CO 80112
(303) 773-1060, Western Region 49 South Baldwin, Suite D, Sierra Madre, CA 91024, (213) 351-8717

EDN APRIL 20, 1980
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WHEN /S COUNT,

YOU CAN COUNT

ON FTS.

We've pushed the state of the art in cesium beam
technology along way. High-performance FTS units
are on airborne, shipboard, and mobile platforms
and in the laboratory, with frequency accuracy of
17 x 10'? and frequency stability of 1 x 107> And
FTS is unique, offering a 5-year cesium tube
warranty.
Our no-charge instrument loan program (if warranty
repairs require more than 30 days) will cut down
time and costs at your end.
Now, FTS offers three configurations:
FTS 4050 — Rack-mountable instrument
designed for laboratory and field use, with outputs
of 1,5, and 10 MHz and 1 pps. Complete operating
controls and monitors. $22,000.
FTS 4010 — Portable cesium clock (26.4 kg), with
interchangeable battery packs, time-of-day clock,
and outputs of 1, 5, and 10 MHz and 1 pps with
digital delay. Fits under seat in commercial
aircraft. $29,000.

FTS 5000 — Modular standard designed for low
cost and systems flexibility. 1-pps and dual 5-MHz
outputs. $16,000 in quantity.

Need quartz crystal oscillators, star
systems? Our FTS 1000 offers aging of -
day, phase noise of <-118 dBc at 1 Hz,
term stability of <1 x 107'%. $1,700 in quar
products include the FTS 1100 and the
FTS 1150 instrument, with aging of <5 x

And, we're into Time and Frequency Sy
special products.

Lease/purchase arrangements are availe

Delivery in 30 days in most cases.

WE

THINK

IT'S ABOUT
TIME

YOU KNEW.

FTS - FREQUENCY AND TIME SYSTE
182 CONANT ST. DANVERS, MA 01923
(617) 777-1255

For more information, Circle No 15

Call or write FTS Marketing for co

FTS is an ASUAG affihate
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long-life hermetically sealed relays:

When it comes to durability,
General Electric long-life hermet-
ically sealed relays will last for
more than 100 million low-level
signal switching operations.
That's 10 times longer than the life
of our standard commercial
electro-mechanical relays.

This unprecedented depend-
ability is the sum of specially en-
gineered material systems and
controls used throughout the as-
sembly process. Result: GE long-
life hermetically sealed relays are
more durable and perform better
because there are none of the old
familiar problems such as mate-
rial erosion, high contact resist-

ance and sticky contacts to cause
earlyfailure. In other words, relays
may look the same but what'’s in-
side makes a big difference.

So for low-level applications
that call for relays that won't quit
on you, ask for GE long-life her-
metically sealed relays. They're
available in 1, 2, or 4 pole double-
throw versions. Ten-to-one, you'll
find they'll more than live up to
your expectations.

Find out for yourself how
tough they are. We'd like to send
you one FREE to test in your own
applications. Simply fill out the
coupon and mail it to: General
Electric Company, Relays, 792-
52, Waynesboro, Virginia 22980.

CE L P T

General Electric Company
Relays, 792-52
Waynesboro, Virginia 22980

Yes! Please send me one FREE
General Electric long-life hermetically
sealed relay to test for myself:

NAME

COMPANY

ADDRESS

any STATE zIP

GENERAL @D ELECTRIC

247

Or call (703) 949-1448.

For more information, Circle No 160
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We've had longer to perfect the Function/Pulse Generator.
After all, we offered it first.

In 1975 we combined a true pulse generator capability
and a function generator. In Interstate’s Series 70.

Today, many of our competitors are showing us the
sincerest form of flattery.

But don'’t settle for an imitation when you can have the
original for about the same price.

Our Series 70 Function/Pulse Generators are true
pulsers. The F-77, for example, produces a precise, stable 15
nanosecond rise time pulse with constant width adjustable
down to 30 nanoseconds, unipolar or with full offset and
amplitude flexibility, and triggered or gated.

And Series 70 offers something very few of our
competitors have caught up with: a choice of constant width
or constant duty cycle pulses.

And all Series 70 models produce sine,
square, triangle and dc-level waveforms with 5
to 95% waveform variable symmetry control,
and calibrated coarse/fine frequency tuning.

Sweep start and stop limits are easily set with
direct reading sweep dial.

Frequency ranges are the most usable—
from 0.00002 Hz to 20 MHz—from infrasonics
through video and beyond. .

Series 70 also gives you FM Capability—externally
applied voltages provide frequency control over each 1000:1
frequency range for sweeping frequency-sensitive devices,
test programming, and other voltage-to-frequency and
frequency modulation applications.

Before you buy any Function/Pulse Generator, take a
long hard look at the original Series 70 from Interstate
Electronics.

We’ve had longer than anyone to perfect our electronics
and prove our reliability.

For our catalog including the Series 70, and our other
bench and programmable test equipment write: Bob
Sorenson, 1001 East Ball Road, Anaheim, CA 92803. Or
Call: (714) 635-7210.

INTERSTATE
ELECTRONICS
CORPORATION

SUBSIDIARY OF \T"

Information Processing and Display.
Systems. Products. Services.

For more information, Circle No 16"




RUGGEDNESS at your fingertips. Digitran switches are built to take lots of
punishment and keep functioning beautifully. Even our commercial lines meet military standards

for such parameters as shock, vibration, temperature range and dielectric strength. We simply

design and make them better.

DIGITRIRAN

The Digitran Company, a division of Becton, Dickinson and Company

855 South Arrovo Parkway » Pasadena. California 91105 « Ph .




The New Generatiori of CUStdm
Monolithic Hybrid Converters from DDC.

By using customized monolithic chips, DDC
has taken a giant step forward in converter
technology. The new product—Monobrid—is
much smaller, less complex, more reliable and
requires less power than conventional hybrids.

The first of DDC’s new Monobrid series is
a single 36-pin DDIP module containing a com-
plete 14-bit S/D or R/D converter. At half the
size of conventional hybrids the new DDC-8915
Series Monobrid packs the same kind of high

performance. Accurate to 2.6 minutes, the new
S/D Monobrid offers tri-state latched outputs in
two bytes and continuous tracking, even during
data transfer. It accepts broadband inputs of 360
to 1000 Hz, or 47 to 1000 Hz; and is made to order
for applications where small size, high MTBF
and low power are critical.

For more information about DDC'’s new 8915

Series Monobrid converter, call or write Depart-
ment B-8, today.

BBETM

ILC DATA DEVICE CORPORATION
Dept. B-8, 105 Wilbur Place, Bohemia, New York 11716
5165675600, TWX: 51022287324

LOS ANGELES: ILC Data Device Corporation, Dept. B-8,7337 Greenbush Avenue, No. Hollywood, CA 91605 (213)
982-6454. TWX 910-499-2674; LONDON: DDC United Kingdom Ltd., Dept. B-8, 128 High Street, Hungerford,
Berkshire RG17 ODL, England (44) 4886-2141/2142, TLX 851-848826; PARIS: DDC Electronique, Dept. B-8 4 Rue
De Abreuvoir, 92400 Courbevoie, France (01) 333-5888, TLX 842-630609

Note: Monobrid™ is a trademark of ILC Data Device Corporation

See us at Electro '80, Booths #2342 and #3220
For more information, Circle No 162




problems.

HP’ IC Troubleshooters make
troubleshooting digital circuits fast
and less frustrating. Take a look at
the chart and see why more than
50,000 people use these simple,
rugged, low-cost Hewlett-Packard
instruments.

LOGIC PULSER stimulates ICs in-
circuit for testing. Automatically
drives the circuit to its opposite state.
No unsoldering components or trace
cutting. $115-$175*

LOGIC PROBE shows pulse activity:
high, low or bad level, single pulse or
pulse trains. High input impedance.
Overload protected. Automatic. More
convenient than a scope. $90-$150*

LOGIC CLIP with 16 LED' display
state of up to 16 IC pins at once. High
input impedance. Overload pro-
tected. Automatic. $115-$150*

Mail us this ad------

and we’ll help you discover simple,
effective solutions to difficult
troubleshooting

CURRENT TRACER inductively Yes! I want to discover easy solutions
senses and displays logic current to difficult troubleshooting problems.
pulses. Finds shorts and stuck nodes Please rush me a free copy of HP’s 20-
with no unsoldering or trace cutting.  page Troubleshooting Catalog and a
Uses in-circuit current or pulses from copy of HPs new 38-page “New Tech-
Logic Pulser. $350* niques of Digital Troubleshooting”

*Domestic US prices only.
Order now, or call your nearby HP NAME
sales office for complete information, =~ COMPANY
or write Hewlett Packard, 1507 Page ADDRESS
Mill Road, Palo Alto, CA 94304 CITY

STATE ZIP

(ﬁP HEWLETT

PACKARD

02904A
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LAST NOVEMBER,
DATA GENERAL AND
DEC ANNOUNCED
NEW COMPUTERS.
THE SIMILARITY
ENDS THERE.

COMPARE:

DEC
PDP 11/44
System

Data General
ECLIPSE S/140
System

ECLIPSE
$/140 is:

Thousands Whetstone
instructions/second

Single
Precision

314°

Double
Precision

231°

450 | 380

43% | 65%
Nk | uitor

PRICE

$41,900°

Includes PDP 11/44
with 256 ERCC
memory,20.8 MB
dual RLO2 disc sub-
system, floatin%}\)oint
processor and LA120
console printer

$37,450

System including
S/140 with 256KB
ERCC MOS memory,

Model 6100, 25MB
non-removable mov-
ing head disc with

integral 1.26 MB dis-
kette floating point
hardware and Dasher
TP2 180 CPS console
printer

10%

lower price

*As reported in COMPUTER SYSTEMS NEWS, Dec. 3, 1979; MINI-MICRO SYSTEMS, Jan. 1980.

For more information, Circle No 164

252

What more can we
say? Ournew ECLIPSE®
S/140isnotonlyagreat
deal faster than the
11/44, it's also a great
deal, period.

Read the chart.

Then you'll under-
stand why our ECLIPSE
S/140 is your only
choice. greak the
speed limit without
paying the price. Send
in the coupon.

Data General Corporation,
Westboro, MA 01580, (617)
366-8911. ECLIPSE is a
registered trademark of Data
General.®Data General
Corporation,1980.

VISIT US AT BOOTH #1339
AT NCC, ANAHEIM, CA.,
MAY 19-22, 1980.
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Hughes Semiconductor Products
Delivers

CMOS Microprocessors
...and More.

The aBEE CMIOS Family

MEMORY

ROM

1831/32—512x8 ROMS

1833/34 —1024x8 ROMS
1835—2048x8 ROM
*1836 —2048x8 ROM

RAM

1824—32x8 STATIC RAM
*1622—256x4 STATIC RAM
*1623—128x8 STATIC RAM

ADDRESS BUS

CPU

1802—8 BIT CPU
1802-2—HIGH SPEED CPU
* ADVANCED CPU

8 BIT BIDIRECTIONAL BUS

* Italics denote future products.

Hughes delivers a complete
1800 CMOS Microprocessor Family
in both commercial and military
versions.

The commercial grade devices
provide low power, wide operating
temperature range and the expected
high noise immunity of CMOS to
such diverse applications as data
processors, portable instrumentation,
process controllers, and complex
electronic games.

The military grade version,
screened to standard military relia-
bility requirements, offers the same
CMQOS advantages and the exacting
performance demanded by such
programs as space telecommuni-
cations, aircraft navigation controls,
and geophysical data logging. These
units, as well as the commercial units,
are available in either a 4 to 6.5 volt
or 4 to 12 volt operating range.

The 1800 CMOS Microprocessor
Family offers an extensive comple-
ment of memory and I/O devices,

EDN APRIL 20, 1980

including such new parts

NO-N2, MRD

TPB 1852—1/0 LATCH
Q 1853—N BIT DECODER

SCO, SC1

INTERRUPT
DMA-IN, DMA-OUT

EF1-EF4

110

1851 —PROGRAMMABLE 1/0

1854 —UART
1854A—HIGH SPEED UART
1855 —MULTIPLY/DIVIDE
1856/67—BUFFER/
SEPARATOR

1858/53 —ADDRESS
LATCH/DECODE
1861—VIDEQ INTERFACE

as the 1861:Software Pfo-  e=c--=---~-r-==~-~-

grammable Input/Output
Port and the 1855 Eight-Bit
Expandable Multiply/Divide
units. In addition, several
new support devices are
being designed for intro-
duction in 1980.

The support doesn't end at the
device level; Hughes offers an inex-
pensive, easy+to-use Hughes Micro-
processor Development System
which includes a real time hardware
emulator. High level software lan-
guage is also available. In addition
to the 1802 CMOS Microprocessor,
the Hughes Development System
supports other industry-standard
MICroprocessors.

Write for our new 24-page, 1800
CMOS Product Guide; for further
information, call (800) 854-3515 or
(714) 759-2907.

Solid State Products Division
500 Superior Avenue
Newport Beach, CA 92663

F————

For more information, Circle No 165

HUGHES AIRCRAFT COMPA*
SOLID STATE PRODUCTS DIVg

Hughes Aircraft Company Solid State Products Division
500 Superior Avenue Newport Beach, CA 92663

| would like more information on the
Hughes 1800 CMOS Family.

Name doeeh o
Company
Addregs . —ro - e T
City___ State___Zip =
Telephone = Ext.

I
I
I
I
o dite e I
I
I
I
I

Application _ BeC e S
EDN 4/80
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Sales Offices

New Products

H Victor Drumm
Executive Vice President
and Publisher

Boston, MA 02116

(617) 536-7780

NEW YORK CITY 10017

George Isbell, Regional Manager
Bill Segallis, Regional Manager
205 E 42nd St (212) 949-4423

BOSTON 01880

Richard Parker, Regional Manager
Hal Short, Regional Manager

1 Lakeside Office Park

Wakefield, MA 01880

(617) 246-2293

PHILADELPHIA 19087

Steve Farkas, Regional Manager
George Isbell, Regional Manager
999 Old Eagle School Rd

Wayne, PA 19087

(215) 293-1212

CHICAGO 60521
Clayton Ryder, Regional Manager
Charles Durham, Jr
Regional Manager
15 Spinning Wheel Rd
Hinsdale, IL 60521
(312) 654-2390

CLEVELAND 44115
Charles Durham, Jr

Regional Manager
1621 Euclid Ave
(216) 696-1800

DENVER 80206
John Huff, Regional Manager
270 St Paul St (303) 388-4511

SAN FRANCISCO 95008

Hugh R Roome, Vice President,
Northwest Regional Manager

Sherman Bldg

3031 Tisch Way, Suite 1000

San Jose, CA 95128

(408) 243-8838

LOS ANGELES 90036
Ed Schrader, Regional Manager
Charles J Stillman, Jr
Regional Manager
5670 Wilshire Blvd
(213) 933-9525

TOKYO 106 JAPAN
Tomoyuki Inatsuki

TRADE MEDIA JAPAN INC
R212, Azabu Heights
1-5-10 Roppongi, Minato-ku
Tel: (03) 585-0581

Telex: J28208 MEDIAHS

CAREER OPPORTUNITIES
Eastern US

Lynn George, Victoria Fraser
1200 Summer St

Stamford, CT 06905

(203) 327-6772, (203) 327-6746
Western US

Diane Smith

5670 Wilshire Blvd

Los Angeles, CA 90036

(213) 933-9525

254

COMPUTER-SYSTEM
SUBASSEMBLIES

SAMPLE/HOLD. For use with ultrafast
A/D converters with up to 10-bit
resolution, SHM-UH3 features 30-nsec
acquisition time and 30-psec aperture
uncertainty time. It samples a 20-MHz,
10V p-p sinusoid to 8-bit accuracy
(¥2-LSB uncertainty); it can also sample
at up to 10 MHz while making full-scale
acquisitions. Sample-mode bandwidth is
45 MHz, and output slew rate equals
500V/usec.

Analog characteristics include +5V
input-signal range, constant near-unity
gain (0.95 to 0.98) and 0.05% max
linearity error. Hold-mode droop specs at
50 pV/psec, and Hold-mode feedthrough
equals —66 dB from dc to 10 MHz.

The unit provides a 100-k() input
impedance, 50-pnV/°C output offset drift
and +=30-mA output current and comes
in a 2x2x0.375-in. case. Power-supply
requirement is =15V dc at 50 mA and 5V
dc at 100 mA; operating-temperature
range is 0 to 70°C. $230. Datel-Intersil,
11 Cabot Blvd, Mansfield, MA 02048.
Phone (617) 339-9341. Circle No 311

D/S CONVERTER. A 14-bit 400-Hz unit,
DSC-644 is a pin-for-pin replacement for
the industry-standard 400-Hz EDSC-H
and -L. The 3.125x2.625x0.52-in.,
5.5-0z module meets or exceeds
MIL-STD-202E and features a typical
output-scale-factor variation of 0.05%
and a current-limiting output stage that is
short-circuit proof. Accurate to +4", the

unit accepts a digital input angle (TTL
and CMOS compatible) and a reference
excitation for conversion to a synchro or
resolver output. Two standard
operating-temperature ranges are avail-
able: 0 to 70°C and —55 to +85°C. From
$440. ILC Data Device Corp, 105 Wilbur
Pl, Bohemia, NY 11716. Phone (516)
567-5600. Circle No 312

BUBBLE-MEMORY SYSTEM. The
TM990/211 module uses the TIB1000
1-million-bit bubble-memory device and
has an on-board controller (TIB0903),
which provides complete interface to the
TM990 bus and transfers data via the
CRU mode. The unit can perform single-
or multipage transfers at a maximum
data-transfer rate of 85k bps and can be
purchased with 1M-, 2M-, 4M- or 6M-bit
devices to provide 128k, 256k, 512k or
768k bytes of nonvolatile storage,
respectively. Average access time
equals 11.2 msec. $3200 (128k bytes) to
$15,200 (768k bytes). Delivery, 8 to 10
wks ARO. Texas Instruments Inc, MS
308, Dallas, TX 75265. Phone (214)
238-2011. Circle No 313

MODEM ELIMINATORS. 700 Series
full-duplex TTL- and DTL-compatible
devices allow wuser communications
without modifications to existing data
formats, protocols, speeds or software.
They operate from one 5V dc power
supply and require <2.25 in.2of pc-board
space; because they are TTL compati-
ble, any data that can be converted into a
serial bit stream can be transmitted. The
low-speed version handles data at 1M
baud at 1000 ft with <+5% distortion
and at 20k baud at 11,000 ft. The
medium-speed version operates at 5M
baud at 1000 ft and 250k baud at 11,000
ft with +5% distortion. $24 for low-speed
version; $35 for medium-speed unit
(100). Oppco, 7200 E Dry Creek Rd,
Suite F 201, Englewood, CO 80112.
Phone (303) 771-7580. Circle No. 314
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Each of these fast settling Micro
Networks' converters contains a
TTL input latch, for easy interfac-
ing and rapid throughput in high
speed data distribution systems.
There's no bottleneck. They set up
in 40 nSec and have no data
overlap (hold time)
requirements.

MN3020H/B

Latched 8 Bit D/A
Monotonic —55 to +125°C

Settling Time 3 uSec max
MIL-STD-883 Processing

All are excellent performers.

We guarantee absolute accu-
racies and *%2 LSB linearity
and monotonicity over the full
military temperature range
(=55 to +125°C). As a matter

of fact, the MN3860H/B

(%0.3% absolute accuracy guar-
anteed over temperature) is

still the most accurate
12 Bit D/A avculable
in a DIP.

MN3860H/B

Latched 12 Bit D/A
Monotonic —55 to +125°C
Settling Time 7 uSec max
MIL-STD-883 Processing

They are multi-range converters,
complete with internal reference
and output amplifier. This means
greater versatility and significant,
built-in economies. You'll save
board space, design
time, purchasing
time and
money.

MN3040H/B

Latched 10 Bit D/A
Monotonic —55 to +125°C
Settling Time 5 uSec max
MIL-STD-883 Processing

__7Micro Networks

A DIVISION OF UNITRODE CORPORATION

EDN APRIL 20, 1980

For more information, Circle No 166

FAST
LATCHED
MIL D/A’

Send for a complete data sheet
on each. For immediate action,
call John Munn or Chuck Sabolis
(617-852-5400). And if you hcxve not
yetreceived [NEE

your copy
of our new
250-page cata- §
log of data
conversion
products,
dropusa
line on your
company
letterhead.

Micro Networks Company,
324 Clark Street,
Worcester, Massachusetts 01606

MICRO NETWORKS
Advancing Data Conversion
Technology

255



New Products

DISC INTERFACE. For TRS-80 comput-
ers, Model LX80 expands memory
storage capacity up to 40M bytes,
provides facilities for up to 32k of RAM

and offers a second serial port. A switch
permits overriding the keyboard ROM for
booting-in diagnostics and customized
operating systems. Connectors for 5.25-
and 8-in. floppy-disc drives and other
peripheral devices are provided on the
side and rear panels. Other features
include parallel Centronics printer port,
screen printer port, two wpP-controlled
bidirectional serial ports and a crystal-
controlled real-time clock. $525. Deliv-

Allied Control Relays:

Go for superior switching life.

pole.
~ Form C) to meet Ioad requ mervts

In a small way.

Our new low profile MPC,
DIP, SIP* family delivers pace-
setting high density packaging,
including the smallest latching
relay available.

Sealed versions withstand .
fluxing, wave solderina, in-line cleanmg
(1 Form A to 4 Form C.) See catalog data in
EEM or call Gould Inc., Distribution and Controls Division,
100 Relay Road, Plantsville, CT 06479, 203-621-6771.

Actual size.

The Real Estate Experts in Relays

*Write for test data: -) G 0 U I-D

Cradle: TR 104 Low profile: TR 202 An Electri

For more information, Circle No 167
256

ery, 45 days ARO. Lobo Drives
International, 935 Camino Del Sur,
Goleta, CA 93017. Phone (714)
641-1436. Circle No 315

PRINTER INTERFACE. Interfacing with
NEC, Diablo and Qume letter-quality
printers as well as high-speed Centron-
ics/Dataproducts printers for draft and
non-letter-quality applications, |/OMaster
S-100 interface board features two serial
and two parallel ports plus an 8-level
interrupt control and dual interval-timer
circuitry. The two 8251-based serial
ports have built-in 32-character FIFO
buffers. $400. MicroPro International
Corp, 1299 Fourth St, San Rafael, CA
94901. Phone (415) 457-8990.

Circle No 316

STORAGE-MODULE-DRIVE controller
Model S03/B is a wP-based device for
DEC LSI-11 uCs. It emulates DEC's
RK611 controller, which interfaces to the
RKO7 storage-module drive and oper-
ates under RT-11 and RSX-11M. The
unit also operates with Control Data
Corp’s 80MB 9762 and 300MB 9766
storage-module drives or equivalent
drives from Ampex, Ball and Century
Data Systems; up to four 80M-byte
drives can be daisy-chained. The
controller installs in any two standard
quad slots in the host LSI-11. Power
requirements are 5V dc at 9A and-15V
dc at 0.7A. $5400. Dataram Corp,
Princeton-Hightstown Rd, Cranbury, NJ
08512. Phone (609) 799-0071.

Circle No 317

EPROM PROGRAMMER. Multibus
compatible, Model ZX-908 uses a 5V
power supply. It is available in versions
to program Intel 2716, 2732 and 2732A
EPROMs and can program 16k bytes in
one operation. Eight zero-insertion-force
sockets are provided for PROM insertion
and withdrawal. $450. Zendex Corp,
6398 Dougherty Rd, Dublin, CA 94566.
Phone (415) 829-1284. Circle No 318
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A RS R
SIEMENS

Siemens Goes Ceramic.

Monolithic Ceramic Capacitors complete the quality Siemens line.

The Siemens tradition of uncompromising Siemens is the fifth largest electronics com-
quality and performance standards in components pany in the world, producing some $700 million
continues. Epoxy coated, radial leaded capacitors worth of components annually in more than 50,000

are now available in five case sizes, three temper- different configurations.
ature coefficients (COG, X7R, Z5U), with capacities Contact your nearest Siemens representative or
ranging from 4.7 pF to 4.7 uF. They're for rapid authorized distributor.
delivery.
We can now offer a full line of ceramic, solid Siemens Corporation
tantalum, miniature aluminum electrolytic, film, Components Division
metallized polyester film, and stacked 186 Wood Ave. South, Iselin, N.J. 08830

metallized film capacitors. One respect- . (201) 494-1000
ed name, one quality source. W In Canada: Siemens Electric Ltd., P.O. Box 7300, Point Claire, Quebec

Specify
Siemens

and be
secure.

For more information, Circle No 168
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Ney wrote

thebookon
lowenergy
contacts

components in the millions

now on-line—Low energy contacts and compo-
nents are our special area of electronic technology.
We design to your specifications . . . produce in
quantity and deliver highly reliable components.
The Ney capability includes precious metallurgy,
precision plastic molding and assembly. Yes, we
wrote the book, but more importantly our com-
ponents are now on-line in thousands of criti-

cal applications. Give us your problem.

Write The J. M. Ney
Company, Bloomfield,
CT 06002 or call

(203) 242-2281

/\/\

For more information, Circle No 169

New Products

ROM LOADER. Permitting rapid reload-
ing of remote Texas Instruments 990
processors, RL 990-1, by activating Load
on the front panel, transfers a program
from the EPROM into RAM. Features
include 64k bytes of program storage
using the TMS 2516 (128k bytes using
TMS 2532), approximately 400k-
bytes/sec data-transfer rate, four
independent user-programmable indica-
tors and software-readable hexadecimal
switch. The unit uses loader PROMs and
requires 5V at 400 mA (max) plus 100
mA (max) for each TMS 2516 and 160
mA (max) for each TMS 2532. $350.
National Data Corp, One National Data
Plaza, Corporate Square, Atlanta, GA
30329. Phone (404) 329-8513.

Circle No 319

PRIORITY-INTERRUPT controller
SB8301 adds vectored-interrupt capabili-
ties to STD Bus systems. The unit
relieves the CPU from having to poll all
devices to determine where the
appropriate service routine is located,
accepts 16 discrete interrupt inputs,
resolves priority and generates Call
instructions during the interrupt-
acknowledge sequence. You can use an
expansion connector to implement 64
prioritized interrupts by cascading cards.
$285. Micro/Sys Inc, 1353 Foothill Bivd,
La Canada, CA 91011. Phone (213)
790-7957. Circle No 320

64k MEMORY BOARD. The Model 460
dynamic RAM is organized into four
blocks, each of which is individually
deselectable under program control for
memory mapping. The unit supports
8080 or Z80 CPUs, serves S-100-bus
applications and operates at 4 MHz with
no wait states. A parity feature provides
increased data security: In the event of
an error, a parity bit is set that lights an
LED on the board and can be used to set
a vectored interrupt or halt the CPU.
<$1000. Industrial Micro Systems Inc,
628 Eckhoff St, Orange, CA 92668.
Phone (714) 978-6966. Circle No 321
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- ANNOUNCING
THE FIRST OPTO SENSO
WITH BRAIN WAVES.

It's a logical breakthrough
from Spectronics. We've de-
signed the first opto detector IC
offering compatability with TTL,
CMOS and other standard logic
families

2y p—

1 f |
| | |

Integrated Opto bensar Output

l

8 W N

|

| |
l { [
| standard Phototrdnsistor ()utput |
— \mu __PouS -

The SDP 8600 integrates a
Schmitt trigger, voltage regulator,
differential amplifier and photo-
diode onto the same substrate —
replacing a complete PC board.
This neat integration hasn’t cost
any performance. It has a
propagation delay time of only 5
wus and a 50 ns rise and fall time.

Designed for use with an
infrared LED, it's ideal for sensing
applications such as computer
peripherals, toys and automatic
cruise control systems. With
significant benefits like improved

© 1980 Spectronics

nay

- c——

PSSP S—

-

noise immunity, higher reliability
and better performance.

The 8600 is just one exam-
ple of a long line of optoelec-
tronic firsts from Spectronics.

So, if you're looking for
better design solutions, call
Spectronics. We do smart things
with light.

For more information,
contact a Spectronics distributor.
Or call us at 214/234-4271.
Address: Spectronics, 830 East
Arapaho Road, Richardson, Texas
75081.

SPECIromes
division of Honeywell

For more information, Circle No 170

Light years ahead.



New Products

2-QUADRANT DIVIDERS. For interfac-
ing with pP-based systems, Models 503
through 506 0.5-in.® microhybrid modules
include a transconductance dividing
element, a stable reference and an
output amplifier with specified accuracy,
internally trimmed for feedthrough,
output zero and gain. Transfer function is
10X/Y, and dividing accuracy (at 25°C)
ranges from 1.0 to 0.1%, including the
effects of offset voltage, feedthrough,

You’ve Seen The Rest -
Now See The Best!

UID’s
MA-012
SLIDE
SWITCH

A Compact - Dual Wipe

SHOWING :
EIGHT Construction

CONTACT A Unique High Reliability In
POINTS

A Commercial Slide Switch

ENTIRE BALL g
CONTACT REAR

D, PHESSIO’;‘-%KCOHNER

Electro-Components Division
RCL and UID Products

General Sales Offices: 2713 Gateway Drive, Pompano Beach, Florida 33060
305/973-8620

For all of its features, this switch is
still available at the low cost of . . .

ony 20 ¢ each *Guaniiy

... and orders are being
accepted at current pricing.

Call Walt Dinneen,
Switch Product Manager
For FREE SAMPLE

S

scale factors and nonlinearity. Features
include 0 to 70°C operation, =10V/5-mA
output, 1-MHz small-signal bandwidth,
750-kHz full-power bandwidth and slew
rate of 45V/usec. $65 to $160. SGR
Corp, Box 391, Canton, MA 02021.
Phone (617) 828-7773. Circle No 322

-
Bintech
ADC-140M  *

CONVERTER

14-BIT ADC. Providing four selectable
input ranges of 10, +5,0to +5and 0 to
+10V, ADC-14-QM offers conversion
time of 50 psec and differential linearity
of =% LSB max over the temperature
range of 0 to 70°C. The stable unit
furnishes differential nonlinearity and
offset TCs of <=5 ppm/°C and measures
2%x4x0.4 in. Power dissipation specs at
2.5W. $186 (25). Intech, 282 Brokaw Rd,
Santa Clara, CA 95050. Phone (408)
244-0500. Circle No 323

SERIAL INTERFACES. These self-
contained 2%2- and 4'z-port software-
programmable units provide two or four
independent, full-duplex serial-
communication controllers, respectively.
The GPIB to the host computer can be
adapted to most pCs with plug-in
modules and adapter cables. The units
operate with 8080, Z80, 6800 and 6502
wPs in memory-mapped or 1/0O-mapped
environments; using 8251A serial
controllers, they support synchronous
communication to 64k baud and
asynchronous communication to 19.2k
baud. The 2%-port unit furnishes two
RS-232C and one isolated current-loop
interface; the 4Y-port device, four
RS-232C and two current-loop interfac-
es. 2Y2 port, $395; 42 port, $695. AES
Computers, 118 S Loara, Anaheim, CA
92802. Phone (714) 635-5981.

Circle No 324
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For more information, Circle No 171
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Learn to livewithout
Tantalum for$19.95

If you think you’re stuck with tantalum
capacitors because you need their high-
performance, low-leakage characteristics,
but are getting upset because of their soaring
prices and increasing scarcity — do this:

Send for our Designer’s Kit of ‘
Capar CLE Series Low Leakage
Radial Miniature Aluminum
Electrolytic Capacitors.

Our CLE Series performs like 48
tantalum. But at half the price
or better. And you can getall §
you want. Whenever you want.
From a few hundred to a few million.

And with our Designer’s Kit you’ll be able to get acquainted with them. See where they
can directly replace the tantalum and where they can’t. Do some breadboarding to find out
how you can use them instead of tantalum or for any other low-leakage, close tolerance
applications.

The kit has 60 units, four each of the most popular values. It
covers the range of 0.1through 100 mfd with working voltages from
6.3wv through 50wv. Leakage current 0.006cv or 0.5uA,
whichever is greater (after 1 minute charge at DC rated voltage) and
20% or better tolerance.

And if space is any kind of a problem please note that these
capacitors feature the smallest can sizes in the industry: 0.160”

e (4mm) diameter by 0.300” (7.5mm height).
Actual size
For $19.95, what can you lose? Call or write CAPAR COMPONENTS CORP., ‘
110 Marcus Drive, Melville, NY 11747. (516) 454-6390; (800) 645-9626; Telex 143108

2520 Yale Street, Santa Ana, CA 92704 (714) 957-8644; (800) 854-3711

CAPACITORS: ALUMINUM ELECTROLYTICS, SOLID TANTALUM, METALLIZED FILM, POLYESTER FILM, c%e‘pENEANBs

CERAMIC DISC, LOW LEAKAGE, EXTENDED TEMP. RANGE, etc. ... CORPORATION
RESISTORS: CARBON FILM, METAL FILM, METAL OXIDE, NETWORKS.

For a copy of our NEW 1980 CATALOG with our FULL LINE OF CAPACITORS AND RESISTORS, call, write or circle the number below.
For more information, Circle No 172
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New Products

COMPUTERS GRAPHICS hSYicT)Elg. IbTh(e PlGM
computer weighs about 85 Ibs (complete
& PER'PHERALS with 300k bytes of RAM and a 29M-byte
disc), resides in a 19x 18 x25-in. cabinet
and functions either as a stand-alone
graphics-oriented computer or as an
intelligent distributed processor. As a
graphics station, it produces output on
several devices simultaneously and uses
an inexpensive console terminal to avoid
interfering with the graphics function.

Spectrum analysis
at a mere touch

The SD345 FFT Signal Analyzer looks different and is different, and although the
differences start right up front with a revolutionary new fingertip control panel, the
features built into it are more than just cosmetic. They provide capabilities no other
analyzer on the market can match. Here are some of the highlights:

* 400-line spectrum analysis to
100 kHz
* 70 dB dynamic range shown on a crisp (raster
scan) video
Time-signal averaging plus synchronous spec-
trum averaging for maximum signal-to-noise
No knobs or switch- =
es. Just fingertip enhancement
pressure actuates ¢ ls-octave and octave analysis from continuous or
the function shown, . 22 o g
and a LED plks @ transient signals (opttonql) %
light tone tells you Selectable A or B acoustic weighting
£OHRICE (s Geen anads: Digital input-output for complete computer con-
trol via IEEE 488/RS 232 interfaces (optional)

No guesswork! Complete X and ¥ ¢ Dyjgita] translator for expansion of specific spec-
grids, alpba-numeric annotation and P
data scaling gives trum-areas by as much as 100X (optional)
fmmediate, accu- Fingertip convenience . . . digital accuracy . . . clear,
rate spectral infor- 3 E o y
O i, easy-to-read instant results—that’s the new SD345.

Send for the complete story so you can analyze the
real difference in a really different spectrum analyzer.

Call Leon Corcoran at
(714) 2687197 to schedule your demo.

Scientific-Atlanta
Spectral Dynamics

P.O. Box 671 » San Diego, CA 92112 = (714) 268-7100
For more information, Circle No 173
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The system uses no programmer-
addressable registers, no assembly
language, no I/O instructions to operate
channels or any other machine features
unnecessary to a high-level language.
Every instruction carries out extensive
checking for invalid data or addressing
conditions; all /O is handled by a
front-end Intel 8080 wP via asynchro-
nous RS-232 protocol with external
peripherals.

Software includes extended DISSPLA
with publication-quality graphics capabili-
ty including more than 60 type fonts,
projection in 3D with hidden-line removal,
curve fitting with various interpolations, a
text editor and an interactive graphics
system for creating graphics on-line.

The system includes five RS-232
ports, a front-end processor and a 48-bit
processor. $49,000. Superset Inc,
11675 Sorrento Valley Rd, Suite L, San
Diego, CA 92121. Phone (714)
452-8665. Circle No 265

8080 SIMULATORS. The Apple-ll
simulator package is an 8080 simulator/
debugger program that runs directly on
any 16k or larger Apple Il computer. The
KIM 1 version offers the same package; it
runs on any KIM 1 computer and requires
1k bytes of RAM or ROM. Both packages
allow the study of 8080 architecture on
the same hardware used for 6502
studies and permit Apple Il or KIM 1
users to use 8080 software. The Apple Il
version includes a BASIC program
serving as an explanation manual and
the machine-language program; the KIM
1 version is a KIM-format cassette tape
containing the object code of the
program. $19.95. Sybex, 2344 Sixth St,
Berkeley, CA 94710. Phone (415)
848-8233. Circle No 266

1C OPERATING SYSTEM. An updated
version of the REX-80 real-time
executive enhanced to support either
8080/8085 or Z80 pCs, REX-80 V03 is
fully event driven, allowing asynchronous
operation of up to 255 independent
tasks, each with 16 local-event flags.
Because of its orthogonal data structure
and virtual-processor approach, the
system provides improved responsive-
ness compared with its predecessor. The
enhanced Z80 version takes advantage
of the Z80 instruction set and its Mode-2
interrupt  structure. $1500 in linkable
object code on development-system-
compatible media. Systems & Software
Inc, Suite 101, 2801 Finley Rd, Downers
Grove, IL 60515. Phone (312) 932-9320.

Circle No 267
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Made over here...
for performance
over there

Meet a new foreign power: metric
motors from Bodine. The first Ameri-
can motors made to perform overseas.

For 75 years, Bodine has been the
leader in fractional horsepower
motors. And our experience shows
in our new full range of 62 metric
motors and gearmotors designed for
220/240V, 50 Hz power input. Each
is engineered to meet most inter-
national standards for safety and per-
formance. And each delivers Bodine's
reliable, dependable operation.

You'll also appréciate our foreign
service. Our established international
Distributor network ensures you a
ready supply of Bodine products when-
ever and wherever you need them.

1 RIvI==

Bodine will keep your products
working as well over there as they
do over here.

Send for more information. At home
or abroad, you can depend on Bodine.

Metric

Motors/(Gearmotors

BODINE
ELECTRIC
COMPANY

EDN APRIL 20, 1980

Small Motors, Gearmotors, Electronic Motion Controls
For Seventy-five years, “the power behind the leading products?®

2500 West Bradley Place
Chicago, 60618 USA
Telephone 312-478-3515 Telex 25-3646

For more information, Circle No 174 263



Our 0.3%
ceramic
resonctors
cost a ot
less than

0.005%
qucartz

/ Why pay a premium for standard quartz frequency
- tolerance of 0.005% when a Murata-Georgia ceramic

resonator at 0.3% is about 2 the price and, in 75% of all
applications, can do the job just as well. What’s more, in most
configurations, a ceramic resonator is a lot smaller than a quartz
crystal, KHz-for-KHz.

Look into our ceramic resonators. We cover the spectrum from
190 KHz to 600 KHz and 3 MHz to 30 MHz, and are finding wide
application in telecommunications devices, tone generators,
clock generators, oscillators, signal sources and many more.

Send for our complete technical information, and we’ll show you
how to save a bundle in frequency control. Murata Corporation

of America, 1148 Franklin Road, S.E., Marietta, GA 30067;
404-952-9777.

muRata-Georgia

ceramic capacitors, subminiature potentiometers, piezoelectric ceramic filters,
resonators and transducers, resistor networks, Posistor® PTC thermistors
For more information, Circle No 44
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New PBB LAMP

Bayonet Base Subminiature Lamp

Directly Replaceable on P.C. Board

®

No soldering or socket required.

Just insert and turn 90 deg. to mount.

1. Mountable to either side of P.C. Board. (Photo (1)

2. Bulb can be provided on either, or both ends on
request. (Photo 2)

® For detailed literature and sample, call or write

w MCO Techmcal Sales, In

t, Costa Mesa, California 9262

For more information, Circle No 45

16-BIT
RESIDENT SYSTEM SOFTWARE

18086
e RA8086 MACRO ASSEMBLER
e EDIT8086 TEXT EDITOR
e RTOS8086 REAL-TIME OPERATING
SYSTEM
Z8000
e RA8000 MACRO ASSEMBLER
e LINK8000 LINKING LOADER
e EDIT8000 TEXT EDITOR
e HA-CP/8000 INTERRUPT-DRIVEN DOS
e FLOAT8000 32-BIT FLOATING POINT

PACKAGE

OEM INQUIRIES INVITED

HEMENWAY ASSOCIATES INC.
101 Tremont Street
Boston, MA 02108

617-426-1931

For more information, Circle No 46
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New Products

COMPUTING SYSTEM. A small comput-
er available in 12 versions, Model 5120
offers two choices of printers and an
optional diskette storage unit that retains
up to 2.4 million characters of additional
information. It features a 9-in.-diagonal
viewing screen, two built-in diskette files
(up to 2.4-million-character capacity), a
typewriter-like keyboard and main-
storage options ranging from 16,384 to
65,536 characters of information. Six
business application packages are
available. $13,500 for a representative
configuration using BASIC, a 13,768-
character main-storage capacity and
120-cps printer. IBM General Systems
Div, Box C-1645, Atlanta, GA 30301.
Phone (404) 238-3643. Circle No 268

DISPLAY TERMINALS. Concept 520
Series units emulate DEC's VT-52
alphanumeric CRTs, providing standard
features such as cursor control, home
cursor, direct cursor addressing, reverse
line feed, clear functions and alternate
keypad mode. Other standard features
furnished include windowing, program-
mable function keys, functional support
for word processing and data-
entry/retrieval applications, business
graphics, multiple character sets and
multiple /O ports (including a printer
port). $1330 (75) for standard ASCII
version with one full page of display
memory. Human Designed Systems
Inc, 3700 Market St, Philadelphia, PA
19104. Phone (215) 382-5000.

Circle No 269

DUAL-SPEED MODEM. Installed at
remote sites, MPS 4896 Fastran
transmits data at 4800 bps and receives
data at 9600 bps, operating on less
expensive unconditioned multidrop lines.
Using a nP digital equalizer, it provides
30-msec RTS/CTS response time and
half-duplex operation over 4-wire
dedicated unconditioned channels; it can
also accommodate dial backup. Built-in
diagnostic functions automatically switch
the modem receiver to the operating
speed of the transmitter for self test and
analog and digital loopback to enable
fault-isolation testing. $7200, or $165 per
month on a 36-month lease. Racal-
Milgo Inc, 8600 NW 41st St, Miami, FL
33166. Phone (305) 592-8600.

Circle No 270

. VECTOR-PAK ENCLOSURES

¥
\\V// COLORFUL BEAUTY OUTSIDE — VERSATILE & ACCESSIBLE INSIDE

o 2 —BEST FROM EVERY ANGLE—

Fully adjustable interior mounting systems for any
card, module or device within size limitations. Cards
or modules insert from front or rear, vertically,
horizontally, or top down. Circuit cards, modules,

Beautiful and affordable cases, unmarred by screws
or fasteners. Instantly accessible interiors with slip
out covers. Optional ventilation, handles, stands,
slides and mounting holes. Recessed front and rear
panels. Styling, finish and details can be modified guides, connectors, ribbon cables are available. Send
to make the case uniquely yours. Low in cost. for catalog. Rugged—Reliable—Versatile
® 15 STANDARD SIZES, @ 11 COLORS IN TEXTURED VINYL OR ANODIZE
@®11 STANDARD INTERIOR MOUNTING SYSTEMS, @ ONE WEEK DELIVERY IN STANDARD CASES

VECTOR ELECTRONIC COMPANY, INC., 12460 Gladstone Avenue, Sylmar, CA 91342, phone (213) 365-9661, twx 910-496-1439
20577 Our toll-free number which can be used by customers outside of California is 800-423-5659.

For more information, Circle No 47
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New Products

=

PAPER-TAPE READER. Model RR7155
has 200-cps asynchronous or synchro-
nous read speed and 400-cps tape-
positioning mode for rewinding on
program cueing. Stepper-motor con-
trolled, the 5.5-in.-high unit uses only one
moving part, offers stop-on-character
capability at all speeds and mounts on a
19-in. rack. An optional add-on fanfold
tank assembly is available; MTBF specs
at 16,000 to 20,000 hrs. $657 (OEM qty).
Remex, Box C-19533, Irvine, CA 92713.
Phone (714) 557-6860. Circle No 271

FLOPPY-DISC DRIVE. A double-disc
drive that handles two independent
5.25-in. diskettes while maintaining size

and interface compatibility with other
single 5.25-in. disc drives, Model A-40
Dam provides single-side dual-density
recording on 40 tracks of each diskette.
Track-to-track access time of 12 msec
produces a random average seek time of
170 msec. Unformatted storage capacity
is 256k bytes per diskette or 512k bytes
per drive. $450. T and E Engineering,
1015 W 190th St, Gardena, CA 90248.
Phone (213) 327-7657. Circle No 272

pC SYSTEM. A completely self-
contained nC with CPU, CRT display
and dual mini-floppy disc drives housed
in a desktop-sized metal cabinet, Model
580 provides 64k of dynamic RAM and a
4-MHz Z80A pP. The system supports
two RS-232 serial ports, two parallel
ports plus a parallel printer port, one
hard-disc port and one connector
capable of supporting two external
floppy-disc drives. All interfaces are fully
programmable and expandable. A CP/M
compatible ZEDOS disc operating
system is included; BASIC, COBOL and
FORTRAN also operate on the unit.
$6837, including operating system and a
choice of one software package. Zeda
Computers International, 1662 West
820 North, Provo, UT 84601. Phone
(801) 377-9948. Circle No 273

DIGITAL
CASSETTE
RECORDER

e Rugged, high relia-
bility compact

e One supply, 2 moving
parts, excellent speed
control

e Full electronics, TTL 1/0
Auto-Sync® phase
encode/decode

® Up to 8.5 megabits
capacity

Model CS-400A

DEVICES. INC.

11950 TWELFTH AVENUE SOUTH
BURNSVILLE, MINNESOTA 55337

(612) 890-5135

266

For more information, Circle No 48
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We're Nlchlcon

We make the right capacitor for the product you make
and the environment it has to work in.

Nobody goes to extremes for you in capacitors like ~ And now we’re servicing you better through the

Nichicon. We have to. We’re capacitor spe- largest stocking facility in the United States
cialists. With state-of-the-art capacitor . dedicated exclusively to the warehousing,
manufacturing plants worldwide. Each a distribution and marketing of capacitors.

specialist in itself. Special people, spe- We’'re Nichicon. The name that is synon-

cial equipment, fulfilling the require- ymous with *“‘capacitors” worldwide. For
ments of special customers. futher information please write or call.

We go to extremes for you.

NICHICON (AMERICA) CORPORATION * 927 E. State Parkway * Schaumburg. IL 60195 * (312) 843-7500
Division of Nichicon Capacitor. Ltd., Kyoto. Japan
For 1or=~informati  Circle

A 176



New Products

BAND-SPLITTING MODEM. Employing
multiplexing techniques, wpP-controlled
Model DL 9600 permits several terminals
and/or modems at one location to share
one line and allows the combination of up
to four medium-speed channels over a
single high-speed line; each channel can
operate independently. Operating point-
to-point in full-duplex mode on a 4-wire
3002 private line at 4800 or 9600 bps
(switch selectable), the modem features
extensive self-testing capabilities includ-
ing digital and analog loopback of remote
unattended units. $5500; $1000 for
bandsplitting option. Delivery, 30 to 60
days ARO. Infotron Systems Corp,
Cherry Hill Industrial Center, Cherry Hill,
NJ 08003. Phone (609) 424-9400.
Circle No 274

SERIAL PRINTER. For no-frills applica-
tions where reliability is important, Model
877 receive-only bidirectional 9x7
dot-matrix unit uses 8%-in.-wide paper,
features a heavy-gauge, hardened metal
chassis and stainless-steel drive screw
and utilizes a cartridge ribbon to

eliminate ribbon-reversing mechanisms.
It prints at 120 cps, 80 characters/line, 10
cpi, using the 95-character ASCII set and
operates at asynchronous baud rates of
300 to 9600. $830 (100). Printer
Terminal Communications Corp, 124
Tenth St, Ramona, CA 92065. Phone
(714) 789-5200. Circle No 275

FREQ - RESPONSE SIMULATION.
LINAC is a FORTRAN program for
simulation and analysis of the frequency
response of active or passive circuits
containing only linear elements, using an
efficient nodal analysis method. For
minicomputers such as the DEC LSI-11
or PDP-11/05 or large mainframe units,

the current version (2.1) runs on
PDP-11s under RT-11 and requires 20k
words of memory. The program prints
and plots the frequency response at
user-requested nodes in the circuit.
$1250 for binary, user's manual,
operator's manual and license. Gary
Gaugler, Consultant, 5706 Seascape Ct,
Citrus Heights, CA 95610. Phone (916)
966-8076. Circle No 276

HARD-DISC SYSTEM. A 26M-byte
(formatted) system for S-100 pCs,
Discus M26 features the Shugart 4008
14-in. Winchester hard-disc drive,
includes a metal cabinet, power supply
and cables and can be used either as a
table-top model or rack mounted. The
unit comes with an intelligent single-
board controller to supervise all data
transfers and a 512-byte sector buffer;
the controller can generate interrupts at
the completion of each command to
increase system throughput. Communi-
cation with the CPU occurs via four 1/0
ports. $4995. Thinker Toys, 5221
Central Ave, Richmond, CA 94804.
Phone (415) 524-2101. Circle No 277

baauty an quamy We don’t box you
‘combine clean lines, waed and hand
~of standard colors

molded piastic or

268

For more information, Circle No 176
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TANTALUM
TECHNOLOGY:
CAN IT GIVE US
MORE CAPACITORS

PER POUND?

~ The recent escalations Now, the job is to get this innovation out of
in the cost of tantalum  the pilot plants, into production, and on to you.
materials concern We are in an excellent position to do the job,
everyone who must because we have both KEMET Capacitor’s
pay more for tantalum own extensive research, development and
capacitors. The engineering staffs, plus the vast technical
situation is very similar resources of Union Carbide Corporation
to the oil crunch and backing us up.
automobiles. KEMET technology is proud to play a
{ In both cases, the major role in easing the tantalum crunch.
Dr. John Piper true supply situation Our work, together with expanded production
S . Reacarclang is distorted by spot and new mineral exploration, will assure you
B onics Division shortages and of a continuous supply of quality KEMET

Union Carbide Corporation  gpeculation. Potential  solid tantalum capacitors to meet your
substitutes for cars or tantalum capacitors are  highest performance requirements at a
often discussed but, in reality, are quite reasonable cost.

unattractive. The intelligent way out is through ~ That’s our commitment to you.
more exploration, expanded production and

greater conservation. ‘ 5
Conservation—more capacitors per pound é-@k,\\)\ L

of tantalum—is where KEMET® Capacitor’s

R&D will make its biggest impact. We have, in
fact, surprised ourselves by making in the lab
solid tantalum capacitors with conventional
KEMET Capacitor quality, but using only

a fraction of the tantalum. The tantalum

WUIGL N ELECTRONICS DIVISION
g COMPONENTS DEPARTMENT

savings are S t. the ]arg lv off Box 5928, Greenville, SC 29606
_g 0 g}-ea ? & %’ ? y 0 Selt the rhgne (808)96362638% TFWX 8]0é2:752%36_ge|ex 37-0496
n Europe: Union Carbide Europe, , Rue Pedro-Meylan,
cost increases of materials during the last Ganivals S Phont 022/47 441 T Bk 35253
nion Carbide Limited Phone 15181
tWO yeaI'S. KEMET is a registered trademark of Union Carbide Corporation
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Your Data Logger
Will Remember...

i c 5 lad Udc
Field Proven — Connect our 300D cartridge recorder to the standard RS-
232 port available on virtually every data logger made, and you have 3.5
Megabytes of data storage under control of your logger. The 300D has been
field proven with most leading data loggers such as the Fluke, the Esterline
Angus, Monitor Labs and the Accurex/Autodata units. But we'll stand be-

hind our 300D with any commercially available logger having an RS-232
asynchronous port...or we'll take it back under our return policy.

AVAILABLE IN 30 DAYS FOR UNDER $2300...QUANTITY ONE.

Designed for Remote Logging —The 3.5 Mbyte capacity of our 300D is
available without interruption, using a serpentine recording technigue to
avoid rewind. A non-volatile memory stores conditions in the event of
power outage...so it can automatically initialize itself for unattended re-
start. The 300D is remotely pollable, for direct data access at any time.

If you need a data logger that remembers...the Columbia Data
300D is your answer.

COLUMBIA

DATA PRODUCTS,INC.

Columbia Data Products, Inc.
Peripherals System Division

9050 Red Branch Rd., Columbia, MD 21045
(301) 992-3400 TWX 710-862-1891

For more information, Circle No 177

MR. CLEAN II

The Cost Effective Solution To Contamination Problems

Mr. Clean 1l is our latest addition in our line of
miniature, high quality, wave-solderable slide switches.
This low cost switch is designed to work on our unique
(Patented and Patents Pending) 2-piece principle. This
revolutionary design allows for soldering and cleaning
of only the simple exposed base half of the switch. The
switching mechanism in the upper half is never exposed
to any possible contamination.

These switches are designed for high reliability at a
low cost. Mr. Clean |l features insert molded pin ter-
minals in a high-heat temperature resistant base. Con-
tacts are of hard gold over nickel barrier and recom-
mended for low energy applications. Available circuit
configurations include SPST, SPDT, DPST, DPDT, and
Form “Z*;

Mr. Clean Il is ideal for use in precision instruments
and equipment, or wherever contamination during wave-
soldering is found to be a problem.

Sample switches will be provided on requests stating
application and annual requirements.

CHICAGO SWITCH, INC. 1714 N. Damen Chicago, Ill. 60647 312/489-5500 TWX: 910-221-5252

For more information, Circle No 178
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New Products

INSTRUMENTATION
& POWER SOURCES

LOGIC MONITOR. With adjustable
threshold levels and 0.5-M(}, 6-pF input,
Model LM-3 provides 40-channel
logic-state indications of any solid-state
logic family. Threshold selections
include: a fixed 2.2V for TTL devices, a
front-panel-controlled —5 to +10V level
and a value equal to 70% of the sampled
supply voltage. The 40-LED display
follows input data during Run-mode
operation. A Retrig mode permits an
external trigger signal or manual
pushbutton to freeze the display; a Latch
mode disables external or manual
triggering until after operation of an Arm
pushbutton.

Forty clips (preassembled on a ribbon
cable that plugs into the unit's keyed,

locking front-panel receptacle) provide
connection to the circuit under test. A
front-panel switch allows rising- or
falling-edge triggering. $585. Continen-
tal Specialties Corp, 70 Fulton Terrace,
New Haven, CT 06509. Phone (203)
624-3103. Circle No 331

rC ANALYZER. You can troubleshoot
6800-pnP-based systems by single
stepping through development or
diagnostic programs with the hand-held,
wP-based Model T-8. The unit stores
information from 63 machine cycles
occurring before a user-selected break-

point, provides test data on an 8'2-digit
display and connects to the pC under
test via a 40-pin chip clip. Field-
interchangeable interfaces allow testing
of 2650, Z80, 8080, 6502, 6505, 8060
and 8085 uCs. $745; each interface,
$50. Patuck Inc, 5073 Russell Ave,
Pennsauken, NJ 08109. Phone (609)
662-0677. Circle No 332

CRT POWER SUPPLY. A 28V source
powers the dedicated dc/dc Model
RMC18PX900. The unit provides 18 kV
(=5%) at 200 pA, a focus voltage of
800V at 200 pA, a 300 to 600V grid-#2
voltage at 200 pA, and —45V at 40 pA
for grid #1. Line regulation for a +5%
change is 0.02% for all outputs.
Anode-load regulation equals 0.05%
(static) and 0.3% (dynamic) for a 0 to
200-pA load change; full-load ripple
equals 0.1% p-p. The auxiliary outputs
regulate to 0.5% for a 10% load change
and limit ripple to 0.1% p-p. From $175
(OEM qty). Delivery, stock to 12 wks
ARO. Speliman High Voltage Electron-
ics Corp, 7 Fairchild Ave, Plainview, NY
11803. Phone (516) 349-8686.

Circle No 333

CONTROL SWITCHES
PRODUCT DIGEST

swt'rcHEB

Basic specs, circuits, options and other data in con-
densed, graphic format for quick and easy reference and
research.

Tap, Transfer & Selector Switches
Instrument & Control Switches
UL Listed at 10A-125VAC

Fast Deliveries!

ELECTRO SWITCH

Weymouth, Massachusetts 02188
Telephone: 617/335/5200 e TWX: 710/388/0377

For more information, Circle No 180
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ROMAID LETS YOU

CONTROL YOUR SOFTWARE

e EASY TO USE
Simply connect

ROMAID's cable to

the PROM socket in

your circuit

e VERSATILE

Capable

of in-circuit PROM emulation
while maintaining maximum
reprogramming flexibility

e COMPLETELY PORTABLE
Measuring only 7.5" x 3.5" x 1.6"

* QUICK User selects one of 5
modes of operation: Duplicate. Find,
Verify, Edit or Run. Entries on Keyboard
are then fast 'n easy

The ROMAID PROM Simulator lets you put downtime at a
minimum when software problems arise. It features in-circuit
emulations of the most popular 1K x 8 and 2K x 8 PROMS and has
full 6 digit hexidecimal display for address and data information

Ease of operation and program manipulation, portability and
versatility will make the ROMAID PROM Simulator the answer to
your software debugging problems.

And we're saving the best till last . .. Pricel ROMAID costs less than
other PROM Simulators on the market today. Let us tell you more
about how this revolutionary software “debugger” can save you
time and money.

Write today to:

DI\:“EH[] I :“mh Gé‘;r?ﬁ e?,alnn%?al;wig i(?O%Zd

CORPORATION Phone (317) 846-1721

For more information, Circle No 181
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A POLTOr every purpose

A4 INCH RECTANGUCAY
MULT Ty
Cthmer

Spectrol’s been supplying the industry with
precision potentiometers and related components
since 1954. Today, the Spectrol catalog carries more th
pages of product illustrations and detailed specifica :
both wirewound and non-wirewound precision m‘, ‘




IT FEELS
TO HAVE A
HEART
ATTACK

The way a heart attack feels can vary. So how can you be sure that
what you're feeling is really a heart attack?

By remembering this.

If you feel an uncomfortable pressure, fullness, squeezing or pain in the
center of your chest (that may spread to the shoulders, neck or arms) and if
it lasts for two minutes or more, you could be having a heart attack. Severe
pain, dizziness, fainting, sweating, nausea or shortness of breath may also
occur. Sharp, stabbing twinges of pain are usually not signals of a heart
attack.

Your survival may depend on getting medical attention as quickly as
you can. Call the emergency medical service immediately. If you can get to a
hospital faster in any other way, do so.

Don't refuse to accept the possibility that you are having a-heart attack.
Many heart attack victims do just that. They say it's indigestion or tension.
They worry about embarrassment. They often wait three hours or longer
before getting help.

But before those three hours are up, one out of two is dead.

Remember what you've just read. The time might come when your life
will depend on it.

The American Heart Association @

WE'RE FIGHTING FOR YOUR LIFE
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New Products

UPS. For systems with an essential-
circuitry power bus isolated from the
main dc bus, the UPS-2708B maintains
memory and refresh logic power during
outages or system shutdown. With twice
the capacity of its -2708A predecessor,
the unitdelivers 3A at 5V (+0.5%) and 1A
at 12V (*+0.5%), derived from its 12V
5-Ahr sealed lead-acid battery. It
operates on 100 to 127V, 50- or 60-Hz
input, and features protection against
overvoltage and short-circuits. $365
(100). Delivery, stock to 12 wks ARO.
Stevens-Arnold Inc, 7 Elkins St, South
Boston, MA 02127. Phone (617)
268-1170. Circle No 334

X-Y-Y RECORDER. The 2-pen DIN A3
Model 6432 recorder features electro-
static paper holddown with two pinpoint
light marks on the chart table for easy
setup of the paper, full-scale zero
adjustment, rack-mount capability and
remote and local penlift. It has 15
switch-selectable continuously variable
ranges from 0.2 mV/cm to 10V/cm. The
built-in time base sweeps the X-axis with
six calibrated ranges of 0.2 sec/cm to 10
sec/cm. The writing speed of 600
mm/sec for three axes allows accurate
recordings of fast-changing input signals.
$3495. Delivery, 60 days ARO. Soltec
Corp, 11684 Pendleton St, Sun Valley,
CA 91352. Phone (213) 767-0044.
Circle No 335

POWER ANALYZER. Microprocessor
control eases power measurement with
Model 4612, which features operator-
controlled averaging of amperes, volts
and watts; it simultaneously displays the
true-rms value of each parameter with
floating-point notation. Typical accuracy
specs at better than 2% on all 25
pushbutton-selected ranges (to 50A and
600V) with no need for burden
compensation or other correction.
Options include analog and digital
outputs. $2385. Delivery, 6 to 8 wks
ARO. Magtrol Inc, 70 Gardenville
Parkway West, Buffalo, NY 14224.
Phone (716) 668-5555. Circle No 336
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7 The
Y cliable

connection

ADAP can make ithappen
as near as an Elco distributor.

assembling both custom and standard connectors to

Let's say you're in a big hurry to get a connector
that's somewhat different than any your Elco dis-
tributor has on his shelves. Or, maybe you want a
standard, catalog item that's temporarily out of
stock.

Either way, no problem. Thanks to Elco's
Authorized Distributor Assembly Program (ADAP),
you can get an ample supply of connectors to an-
swer your immediate needs immediately. Under this
program, every authorized Elco distributor now has
the components and specialized equipment for

gives you the Elco Edge.

order. . .in 1,000's of variations . . . instantaneously.

So just name it and you got it: card-edge connec-
tors, 2-piece pc connectors, and rack and panel con-
nectors. Speed of delivery depends primarily upon
how close you are to an Elco distributor.

For the name of Elco distributors near you and a
copy of our Distributor Connector Guide, write to
ELCO Connector Division, Huntingdon Industrial
Park, Huntingdon, Pa. 16652. Tel. 814-643-0700. TWX
510-691-3117.

Elco
Corporation

a Gulf + Western manufacturing company

For more information, Circle No 185
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Diceon Says
Get Aboar

When you get a board (or a thousand boards) from DI/FOLD™ &
Diceon, you get uncommon quality and meticulous work- Diceon gives you the
manship at a very competitive price. best of the hard and flex

As a full-line supplier of total interconnection printed circuit worlds in
packages, Diceon offers you proprietary production efficient, space-saving

techniques that assure top reliability and performance at  interconnection packages.
near-zero rejection rates. Install the circuit
components on DI/FOLD
in the conveniently
accessible ‘“‘open’’ con-
figuration; wave solder;
then simply fold and
assemble the board into
your chassis.

"DI/FIRM™ DICEON:
iceon’s hard PC THE PC SPECIALISTS

; boards range from two- Our facilities include e Btest i t

‘sided, through-plated units up d OLI’JWII'a|CI| ﬁi o fe s S es_,nequrr;)ecn

to 24 inches square, to 24-by-30 FENTE SR TRERNLUES TOF PROGUCING Yoy
board designs. Our ‘‘secretingredient’” is

, “inch multilayer laminates with as many brls . - DicBonasontewhose vears of
as 12 circuit layers, including back panels. pech: o y

Sophistication? DI/FIRM boards feature conductor EApstiencepbdatalicananin make each state-
and spacing widths down to .006 inch, in designs of of-the-art board
virtually any complexity, plus solder-mask-over-bare- awork of art.
copper construction that eliminates solder bridging and So “‘getaboard”
touch-up time. with Diceon. Send
back the coupon or

DI/FLEX™ §

As innovators in the flex interconnection field, with production call today to
experience in a very broad range of designs, Diceon can produce any Customer
flex printed circuit you specify. Service at

DI/FLEX is available in polyimide films with FEP TEP or acrylic adhesivé

(714) 833-0870.
systems, in single, double-sided, or multilayer styles ... upto10 or 12 layers! ™%

| B B B N B B B B B B _ N B B B N B _ B B N B B B N N B _ N N _§B B § J x LN N B N}
i §
: Customer Service Yes, |'d like to know more about Diceon: :
i [JSendme your facilities and Name ]
| capabilities brochure Title |
| Send me your DI/FIRM multilayer H
1 PC board brochure Company [
1 | Send me your DI/FLEX-DI/FOLD Address )
1 flex circuit brochure City i
1 Have an applications engineer : t
' contact me State Zip. :
: | Have a sales representative Phone §
l COﬂIaCT me (Area) (Number) I
' Applied M tics Di :
; /‘I- pplied Magnetics Diceon
I 18522 Von Karman Avenue, Irvine, California 92714 ¢ (714) 833-0870 * TWX 910-595-1794 [
I----------------------------------------

For more information, Circle No 186
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New Products

LINEAR SUPPLIES. EAPS U Series
devices operate from a 103 to 130V or
206 to 260V (47 to 63 Hz) input and
deliver 5V at 3A, 12V at 1.6A, 15V at
1.5A or 24V at 1A. Regulation is +0.05%
(line) and *=0.1% (load), with ripple
limited to 5 mV p-p max. The
4x4.87x2.07-in. units feature rated
power to 50°C, electrostatically shielded
transformers, reverse-polarity protection,
hermetically sealed IC regulator, UL-
recognized glass/epoxy circuit boards
and a 5-yr warranty. $23.25; optional
overvoltage protection, $1.50. Adtech
Power Inc, 1621 S Sinclair St, Anaheim,
CA 92806. Phone (714) 634-9211.
Circle No 337

EPROM PROGRAMMER. Designed to
program the 2732A, Model PM9074
generic personality module will also
accommodate other, yet-to-be-
developed HMOS EPROMs and higher
density PROMs (including 64k devices).
Plugging the unit into a Series 90 PROM
programmer master control unit permits
listing, programming, duplication and
verification. Features include cold
sockets that allow installation and
removal of PROMs without applying Vcc
to the sockets and high/low voltage
verification to permit reading of PROMs
with Vcc adjusted to its high and low
limits. $550. Delivery, 6 to 8 wks ARO.
Pro-Log, 2411 Garden Rd, Monterey,
CA 93940. Phone (408) 372-4593.
Circle No 338

incoming data and avoids incompatible
settings. $24,000. Tektronix Inc, Box
1700, Beaverton, OR 97077. Phone
(503) 644-0161. Circle No 339

HIGH-VOLTAGE PROBE. Combining
Model HV40B with any of a wide range of
instruments permits measurement to
40,000V dc or peak ac. The unit has a
1000:1 voltage-division ratio (VDR) when

terminated by 1 or 10 M{) and a 2000:1
VDR when terminated by 20 M.
Features include retractable safety-
sleeved 4-mm banana plugs, a probe
body with rectangular safety shields to
prevent rolling, a 2m cable with attached
alligator clip and a cable for chassis
ground. $75. Delivery, 6 to 8 wks ARO.
Test Probes Inc, Box 2113, La Jolla, CA
92038. Phone (714) 459-4197.

Circle No 340

1st Output 2ndoutput |

+5V@ 9A

WINCHESTER FIXED DISK
SHUGART - CENTURY - MICROPOLIS are just a few drives powered by this new
universal model. Powers (1) Winchester drive plus controller circuitry.

FLOPPY DISK - 54" MEDIA
BASF - SHUGART - PERTEC - SIEMENS plus all other popular 52" media drives.

3rd Output L
-5Vor-12V@ 8A | +24V@ .7A/45APK | CP384

Disk Memory
Power Supplies

Power-0One, a leading
supplier to the Disk Drive
Industry, now offers a
complete line of power
supplies for FLOPPY DISK
and new WINCHESTER
FIXED DISK applications.

Call or Write for our
New Catalog.

|
i
|
|
|
[

Model | Price(1-9)

$12000

1st Output

2ndoutput

+5V @ .5A/.7APK

+12V @ .9A/1.8A PK

Model
CP340

| pricer-9
54495

+5V@2A

+12V @ 4A

CP323 S 74.95

applications.
1st Output

| 2ndoutput

CP323 powers up to (4) drives simultaneously.

FLOPPY DISK - 8" MEDIA
SHUGART - PERSCI - CDC - WANGCO plus many other single and multiple drive

Srdoutput.

[ ol Jprcenis
CP205 | S 69.95

+5V@ 1A

-SV@.5A

+24V @ 1.5A/1.7A PK
ey

+5V@ 2.5A
| +5V@ 3A

—5V @ 5A +20V@3A/34APK | CP206 | S 91.95 |
V@3A | -S5V@.6A | +20V@5A/6APK | CP162 | $120.00

+5V @ 1.7A/2.2APK | 5V @ 15A/.2APK | +24V@ 2A/3APK | CP272A | S 91.95 |
+5V @ 2A +12V @ .4A V@ 4A | HTAA16W | $ 49.95 | |f
CP272A powers Persci Drives (includes unregulated 7 - 10V @ 1.2A/10A PK). I
HTAA-16W powers Persci controller. i

OPOUIER=BUIE v.c. rower swrves

\
[
|
Power One Drive « Camarillo, CA 93010 « (805) 484-2806 « TWX 910-336-1297 '
|

WAVEFORM DIGITIZER. The program-
mable Model 7612D captures, digitizes
and stores signals for subsequent
computer processing. The 2-channel
GPIB-compatible instrument features
200-MHz max sampling frequency, 8-bit
resolution, two time bases and 2048 8-bit
words of memory per channel, with
selectable record length. It allows
pre/post-triggering, up to 13 sample-rate
changes per record and multiple
waveform capture. wP control monitors

Eastern Regional Headquarters « (518) 399-9200

For more information, Circle No 187

EDN APRIL 20, 1980 277




New Products

LCD DMM. 0.1% dc-measurement
accuracy and a 0.5-in.-high 3%2-digit
display highlight Model LC5000. A 9V
alkaline battery provides more than 6
months of operation on five true-rms ac
and five dc voltage ranges from 200 mV
to 1000V, five dc current ranges from 200
1A to 2A and six resistance ranges from
2002 to 20 M. The 3x8x9-in. unit
features banana-plug receptacles, fused
input and a 1-yr limited warranty.
$169.95. DSI Instruments Inc, 9550
Chesapeake Dr, San Diego, CA 92123.
Phone (714) 565-8402. Circle No 341

DIGITAL THERMOMETER. The hand-
held Model 42822 provides pC-
controlled accuracy of +0.1° from 0 to
110°C. The unit features an LED display

that indicates °C or °F, a NiCd battery
that provides up to 4 hrs operation per
charge and an ac adapter. $169.95; air
probe, $24.95; surface probe, $19.95.
Edmund Scientific Co, 7082 Edscorp
Building, Barrington, NJ 08007. Phone
(609) 547-3488. Circle No 342

PROM PROGRAMMER. A 4-ft flat
ribbon cable connects the Model
PP-2532 to any read-only PROM socket
via a 24-pin plug, forming a table-top
programmer for the TMS 2532 EPROM.
Each unit comes with an internal dc/dc
switching regulator and zero-insertion-
force socket. $295. Oliver Advanced
Engineering Inc, 676 W Wilson Ave,
Glendale, CA 91203. Phone (213)
240-0080. Circle No 343

PORTABLE pP LAB. The Portable
Training Lab (Course 525A) consists of
20 self-training modules (4 vols, 1650
pgs) and a complete 8080A-based
hardware system. The texts cover
programming fundamentals, real-time-
interrupt handling, control of programma-
ble interfacing devices and closed-loop
control-system implementation. Each
module provides hands-on experiments
that involve program coding and
execution. $1595. Integrated Computer
Systems Inc, Box 5339, Santa Monica,
CA 90405. Phone (213) 450-2060.
Circle No 344

HOW TO ADD
CONDUCTIVITY TO PLASTIC
HOUSINGS WITHOUT

ADDING A LOT OF COSTS.

You don’t need special sur-
face preparation, complicated
equipment or special training to
apply Xecote® Conductive Coat-
ing by Metex.

All you need is a standard
sprayer and a gallon of Xecote
per 270 square feet.

Xecote adheres to a wide
range of plastics. And, when
used with Xeprime® Primer, it
adheres to polyester substrates,
carbon fiber, Kevlar and iridited
aluminum.

No other shielding company
gives you that option. Then
again, no other shielding com-
pany gives you as many options
as Metex.

The producer of the largest
line of shielding products in the
world.

218

So if you want a conductive
coating that’s as easy to use as
paint, write or call: Metex
Electronic Shielding Group, a
unit of Metex Corporation, 970
New Durham Rd., Edison, NJ
08817. (201) 287-0800.

Or 20437 S. Western Avenue,
Torrance, Calif., 90501.

(213) 320-8910.

For more information, Circle No 188

XECOTE®
SPECIFICATIONS:

Surface Resistivity: Less than 1 ohm
per square at .002-.003 inches dry
per ASTM-D257.

Shielding Effectiveness: Better than
40db.

Adhesion: Passed crosshatch tape
test ASTM D-3359 after thermal
shock and humidity aging. Passed
48-hour salt spray test per MIL 202E.

Application: Use standard pres-
surized spray equipment.

Typical Substrates: Acrylics,
Polycarbonate, ABS, Polyphenylene
Oxide and similar plastics.

METEX

ELECTRONIC SHIELDING GROUP

EDN APRIL 20, 1980



Put on the versatile coating
that lets your product give
an all-star performance:

Elastoplastic silicone resin.

* . dielectric properties are excellent, and
consistent, even in applications
where high humidity is a factor.
Possible leakage is reduced,

Flexibility, tough- i
ness, versatility—you’ll
discover that Dow
Corning elastoplastic

silicone resin has it all— N \'f‘ because moisture permeability
everything it takes to ' is extremely low.
protect product depend- Brush, flow coat or dip

on...as you like it.

O : og ,
ability. Check these — Ngwl on the Qualified : eit.
advantages, with your / ,_ . Apply coating easily, as
product in mind: H Md“ct I.ISt fOI' # thick or thin as you need it}.1 Its
Super when it's . mmey s * noncorrosive cure can match your
sizzli{{lg...or frigid. / \/Mll Spec I'46058- procesi, at rooml temperqlt‘lﬁre or
our product has . H - under heat acceleration. The
to take the heat? ”lnsulatlng cnmpo“n coating’s repairable, so compo-
Bastoplasticresin | electrical for coatin

nents are easy to fix or replace,

}c)oating withstai;l‘ds ¢ dci it %t and rlt\e/lmat. : 4
eat up to 390 F/ nte e any places to use Dow
200 C, remains stable / pl.l circu | Coming elastoplastic resin

over a wide tempera- | boal'd assembly. k coating? You bet.

ture range. Put on the | Want to know more?

same coating when it’s \ Get a sample!

cold! At —85 F/—65C, 4

it does the job! ‘
All that stretch...

and no stress. \
Elastoplastic silicone has

a lot to give. Even harsh envi-

ronmental conditions won't /

faze it! The tough, yet {

smooth clear coating resists /

/

dirt pickup, so your product’ £
stays clean; resists effects , ‘
of weather and ultraviolet’ J# - | e A PR R S e

I Midland, Michigan 48640
©Copyright Dow Corning Corporation 1978

Dl o e e e L

]lght, too. | Please tell me more about Dow Corning -:

It may be the heat, I alac:tsx})‘leal;u;zhcone resin, and about how I

or the humidity, but— | O Send complete product literature. :

1 1 1 0O Ask a sales representative to call me about

neither will affect the job. | oting a e |

From microwave to power I n I

frequencies - g |
y

Fte” | Title |

,)f I Company I

e -"'\V‘;\-'V ; I

T i | Address |

: City State Zip :

| Telephone |

e ] Mail to: Dow Corning Corporation |

| Dept. E-7539 |

|

J

For more information, Circle No 189



-Z-MICRO HOOK m E-Z-MINI HOOK X100W AND XL1 ® ADAPTO/;@

OUR NEW TAR-A-DIP.
AND COORDINATED SYSTEM OF
TROUBLE SHOOTERS
SIMPLIFY DIP TESTING

¥

New Products

_Z_
T
™

APl
A

VIDEO GENERATOR. Designed for
CCTV and monitor applications as well
as VTR and TV adjustment and repair,
Model 240 features both video and
adjustable RF output, a 10-step
gray-scale staircase, 3- and 10-bar gated
rainbows, a trigger output and built-in
battery check. Controlled by a thumb-
operated integrated slide switch, the unit
generates 11 video or RF patterns and
operates from an ac adapter (included
with unit) or two 9V batteries. $159.
Hickok Electrical Instrument Co,
10514 Dupont Ave, Cleveland, OH
44108. Phone (216) 541-8060.

Circle No 345

L % ———

TAP-A-DIP 14 PIN MODEL—-NO. 300-14 16 PIN MODEL— N0.300-16
POSITIVE LOCK-ON DESIGN—End contacts of TAP-A-DIP lock under each of
the end leads on DIP...eliminates popping off and causing shorts.

NARROW PROFILE-Width is the same as DIP Mounting Socket. Ideal for high
density boards since critical width does not change during insertion and removal.
WIPING ACTION-.025" Square Gold-Plated Beryllium Copper Spring Contacts
are shaped to provide wiping action during insertion...assures positive contact.
BARRIER STRIPS—Strong, Glass-Filled Injection Molded Body provides Barriers
between each contact to prevent lead shorting.

COLOR-CODED—Model 300-14 coded Black, 300-16 coded Yellow.
CONTOURED GRIP—Handles compress easily to open jaws for attaching and
locking TAP-A-DIP to the DIP...must be compressed again to remove from DIP.

THERMOMETER. Applications requiring
0.01°C resolution and high stability
benefit from Series 4000 units.

’ 1.10” | 400" 1.25" | Instrument accuracy (for 90-day recali-
28mm | 10mm 32mm | bration interval) specs at +0.08°C or
100" 100" =0.1°F, and custom calibration provides
2.54mm Sk I 9'Bamm total system accuracy (ms}rgment and
Centers ‘Centers sensor) of +0.05°C over a limited range.
..... Available models provide either °C or °F
[ [ readouts and feature multiple inputs,
1 r7 i ‘/ analog and BCD outputs and digital
TAP A DIP SEHOSK alarms. Delivery, stock to 10 wks ARO.
From $595. Instrulab Inc, Box 426, N D
Station, Dayton, OH 45404. Phone (513)
223-2241. Circle No 346

| LU
’»-GGL,I .787" \ TIMER/COUNTERS. Using an 8-bit P,
i 20mm Series 9000A units permit handshake
TAP-A-DIP 300" TAP-A-DIP interface commands in 8 psec—at least
ggg?cloggg'éﬁck 7.62mm ?:nol?g?cl'ogggqul e 10 times faster than their Series 9000
for 14 PIN DIP Row for 16 PIN DIP predecessors. Access to pulse-
Shown Actual Size Cantors Shown Actual Size parameter and arithmetic capabilities

through the GPIB interface permits
improved operator control. Four models
with frequency ranges to 512 MHz are
available. Functions provided include
period, period average, time interval,
time-interval average, totalize and ratio.
$2995 to $4295. Racal-Dana Instru-
ments Inc, 18912 Von Karman Ave,
Irvine, CA 92715. Phone (714)
833-1234. Circle No 347

TAP-A-DIP'S INTERCONNECT WITH E-Z-HOOK TEST LEAD AND JUMPER
ASSEMBLIES OF E-Z-MICRO-HOOK ,E-Z-MINI-HOOK AND .025"(.635mm)

SQUARE SOCKETS...EACH AVAILABLE IN A WIDE SELECTION...TO LET
YOU DESIGN YOUR SYSTEM TO SUIT YOUR SPECIFIC REQUIREMENTS.

SEND FOR COMPLETE NEW CATALOG AND PRICE LIST

E.Z. HO@K 114 EAST SAINT JOSEPH STREET

ARCADIA, CALIFORNIA 91006
A DIVISION OF TEKTEST, INC (213) 446-6175 / TWX 910 582 1614

° S318V0 1S3LVIXVOD YNVNVYE 378N0A ONIMIOVLS ANV VIAS J4HN *ONE B SdITOTIVYN-Z-32 B SH3IJWNC ANY SAv31 1S3L B 1dX ANV dX S3904d
¢ £.7.PROBES XP AND XPL m E-Z-MICRO HOOK B E-Z-MINI HOOK X100W AND XL1 B E-Z-HOOK CLIP 61-1 AND 61-2 B E-Z-MACRO HOOK XH AND XHL ®

PATCH CORDS ® COAXIAL JUMPERS M E-Z-PROBES 52 AND 54 -

For more information, Circle No 190
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- The LA-5000 is ideal for data domain and timiny
analysis with clock rates from 12.5 MHz with 16 recording
channels, to 50 MHz with 4 channels. Three display
modes give you: data domain information in binary, octal
or hexadecimal; timing diagrams; even a graphic plot
of successive word values.

Three full screen interactive menus — Acquisition,
Format, and Special Function — make set-up fast and
simple. There are also partial menus of frequently needed
parameters as part of the display modes.

Convenience features? The LA-5000 features two

~ Santa Clara Operations,

e expect to pay. For
on the LA-5000, or any of Gould’s

full line of logic analyzers, write:

Gould Instrument Division,

4600 Old Ironsides Drive,
Santa Clara, CA 95050.
Or call (408) 988-6800.

== GOULD

An Electrical/Electronics Company
For more information, Circle No 191
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The secret to the durability of the

\

'
'
'
'

“PV"” lies in our unique dual-metal A

design. This combination
of metals results

in optimum mechanical
and electrical performance.

A. The heat-treated beryllium
copper spring maintains constant
mechanical pressure on pins.
Even after repeated insertion/with-
drawal cycling.

also contributes to maxi-

mum electrical perform-

ance. The wiping action between

pin and contact area, created by high

normal force during mating, cleans
the contact surfaces of oxides.

B. The brass body, working with the

spring, provides optimum conductiv-
ity—an excellent 5 milliohms con-
tact resistance or less. And brass
facilitates crimping and extends ap-
plication tool life.

The “PV” line allows wide design
flexibility.

A choice of three spring thick-
nesses are available to help meet
specific insertion/withdrawal force
requirements. There are four termi-
nal variations in crimp-to-wire sizes
from AWG 18-36. The wide variety of

EDN APRIL 20, 1980
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types and sizes, and the option of
several gold or tin-lead platings, offer
maximum design flexibility.

The Berg “PV” is the heart of the
most complete 0.025” intercon-
nection system available today.
The BergCon™ system.

The “BergCon” system consists
of a variety of mateable terminations
for board-to-board, cable-to-board,
or cable-to-cable packaging:

e BergStik™ pins, conveniently

‘]

)
.
*
#
i

molded in plastic, can be manu-
ally inserted into P.C. boards for
on-line production without a
machine.

e Standard housings allow simulta-
neous connection of as many as
72 “PV" terminated connectors.

® Low cost, easy to load hand tools
available through distributors
make the “BergCon” system
practical for even the lowest-vol-
ume user. Or a low cost air-
operated applicator is available
from Berg.

Innovations for Electronics

Berg Electronics

EDN APRIL 20, 1980

For more information, Circle No 192

®  And the entire “BergCon” system
is Underwriters recognized.

For detailed information on the
complete “BergCon” system, write
or call: The Du Pont Company, Berg
Electronics Division, New Cumber-
land, Pennsylvania, 17070, Tele-
phone: (717) 938-6711. Or contact
your nearest Berg Electronics con-
nector distributor.

In Europe: 's-Hertogenbosch, Nether-
lands, Telephone: (31) 73-215255.

REG U's paT & T™ OFF




Our new, dual-channel Model 619 electrometer/multimeter offers you electrometer
sensitivity, multimeter ease, systems capabilities and will not interfere with system level
decisions. Unless you want it to.

The 619 is loaded with real-world features which make it as flexible as your imagina-
tion. It will correct for internal voltage offsets, store up to 50 readings for examination later
at the convenience of the system, define a baseline allowing you to read either absolute
values or deviations from the baseline— all automatically.

Optional dual-channel capability gives you two instruments for the price of one.
Ratio. Difference. Capability for charge or logarithmic current measurement. Speeds up to
18ms/conversion. 4% or 5 digit resolution. On the bench or on the IEEE-488 bus.

As an electrometer. As a systems multimeter. As a picoammeter. As a current source.

From its status-at-a-glance annunciators
It 1 t to its programmable trigger modes,
e S u eCI every detail of the 619 was painstak-

mgly thought through to give you,
the user, full command of the instrument and
a S O your application.

Sensitivity. Adaptability. Ease of use.

/ Value. If ever there was an example of
Or S O t Keithley’s user-oriented, price/performance
® design philosophy, it’s the 619. It’s as much
or as little as you need, whenever and however you need it.

Contact your Keithley representative. He'll be happy to show you how the 619 does
exactly what you expect a sophisticated measurement instrument to do—and not do.

Keithley Instruments, Inc.
|<E I T H LEY 28775 Aurora Road/Cleveland, Ohio 44139/(216) 248-0400/Telex: 98-5469
Keithley Instruments, GmbH

Heiglhofstrasse 5/D-8000 Munchen 70/(089) 714-40-65/Telex: (841) 5212160

Keithley Instruments Ltd.

1, Boulton Road/GB-Reading, Berkshire RG2 ONL/(0734) 86-12-87/Telex: (851) 847047
Keithley Instruments, SARL

44, Rue Anatole France/F-91121 Palaiseau Cedex/(01) 014-22-06/Telex: (842) 204188

For more information, Circle No 193
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New Products

PROM EMULATOR. The ROSI ROM-
simulation personality module allows
program evaluation before ROM pro-
gramming when used with the IM1010
PROM-programming system. The mod-
ule features a 4kx8-bit RAM, which
permits emulation of one to four PROMs
and allows correspondence between
PROM and RAM addresses. The module
features standard RAM access time of
300 nsec; faster times are also available.
$595. International Microsystems Inc,
11554 C Ave, Auburn, CA 95603. Phone
(916) 885-7262. Circle No 348

RAM EVALUATOR. System Super 20
(SS20) provides all power and stimulus
requirements for evaluating 4k- to 64k-bit
RAMs at burn-in temperatures. A
self-checking nP-based monitoring
system continually supervises the data
inputs and outputs of each device under
test and distinguishes hard failures and
soft errors. All faults are identified by
board, device and temperature and
selectively displayed and printed out in
real time at 300 baud. Four electrical
sections permit simultaneous testing of
four different RAM types. $95,000.
Delivery, 120 days ARO. Marin
Controls Co, 517 K Marine View Ave,
Belmont, CA 94002. Phone (415)
591-8924. Circle No 349

HIGH-VOLTAGE PULSER. Model P-10
applies 6-kV square pulses to 500
resistive or coaxial-cable loads. Suited
for driving Pockel cells used in
mode-locked laser systems, the unit
features a throughput delay of 10 nsec
(with a 5-nsec pulse width), input trigger
response of 400 psec and an
input-to-output jitter of *=250 psec.
$3450. Options include pulse widths of 7
to 25 nsec ($100), 5- to 60-nsec
front-panel-adjustable throughput delay
($375), 7-kV output ($200) and HN
output connector ($100). Delivery, 90
days ARO. Energy Research, Box
3623, Simi Valley, CA 93063. Phone
(805) 526-1143. Circle No 350

THERMAL-ARRAY RECORDER. No
pens, ink or pen-motor linkages are used
in Model TA600. It monitors 32
overlapping analog channels on a 6-in.
chart, while the basic mainframe has
space for four dual-signal conditioners.
The unit features capability for full
annotation of data-acquisition conditions
and pP entry of user text messages; an
optional pP allows remote-control
operation. A thermal array composed of
512 thermal styli spaced 100 to the inch
contributes to system accuracy of +0.2%
FS. $4650. Gould Inc, 3631 Perkins
Ave, Cleveland, OH 44114. Phone (216)
361-3315. Circle No 351

LASER RADIATION ALARM. Claimed
to provide an audible indication of the
presence of pulsed laser radiation above
the level of eye safety, the
7.6x5.1x2.5-cm |-LID (instantaneous
laser incidents detector) monitors pulsed
energy from 1064-nm-wavelength lasers.
The unit’s normal threshold is set at 20
nJ/cm?, a press-to-operate switch
provides recalibration to the claimed
eye-damage threshold of 1 pJ/icm? A
built-in test laser permits device self-test.
The 98g unit operates on a rechargeable
battery and built-in solar-cell charger.
$375. International Laser Systems Inc,
3404 N Orange Blossom Trail, Orlando,
FL 32804. Phone (305) 295-4010.
Circle No 352

EDN APRIL 20, 1980

Berg’s 0.025"PV"
interconnection system

is available

through these
leading distributors:

602-272-7144
CALIFORNIA
Anaheim
Waeatherford
714-634-9600
Belmont

LoDan
415-592-4600
Glendale
Weatherford
213-849-3451
Inglewood

Force Electronics
213-776-1324

Palo Alto
Weatherford
415-493-5373

714-278-7400
COLORADO
Englewood
Weatherford
303-770-9762
CONNECTICUT
Norwalk

Harvey
203-853-1515
FLORIDA
Orlando
Hammond
305-849-6060
ILLINOIS
Arlington Heights
LoDan
312-398-5311
INDIANA

Fort Wayne

Fort Wayne Electronics
219-423-3422
Indianapolis
Graham
317-634-8202
KANSAS

Kansas City
Tennant
913-287-2100
MARYLAND
Baltimore
Resco/Baltimore
301-823-0070
Beltsville
Resco/Washington
301-937-9100
MASSACHUSETTS
Lexington

Harvey
617-861-9200

MINNESOTA
Minneapolis

Aero Space
Computer Supplies
612-884-4725

NEW JERSEY
Pinebrook

Harvey
201-227-1262
NEW YORK
Binghamton

Harvey
607-748-8211
Commack
Conco Electronics
516-543-8300

W. Henriefta

Hai
7 1(?-,\%4-5920
Woodbury

Harvey
516-921-8700
NORTH CAROLINA
Greensboro
Hammond
919-275-6391
OHIO

Cincinnati
Graham
513-772-1661

Cleveland
CAM/Ohio
216-461-4700

PENNSYLVANIA
Philadelphia

Almo
215-698-4000
Pittsburgh

CAM/RI
412-782-3770
SOUTH CAROLINA
Greenville

Hammond
803-233-4121

TEXAS
Austin

csl
512-837-8922
Dallas

Csl
214-357-6511
Houston

csl
713-771-7237
WASHINGTON
Seattle
Weatherford
206-575-1340
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Price Without Sacrifice.

gf ™ V-302 30 MHz Dual Trace . .

HITACHI V-302 & V152

Put a proven Hitachi dual-trace oscilloscope on your bench
for as little as $695. Our V-152 15MHz model includes un-
precedented sensitivity (1 mV/div.)...10X sweep magnif-
ication...front panel XY operation...trace rotation...Z-axis
input...and more. Need greater bandwidth? Our V-302
model is the only 30MHz dual-trace scope with signal delay
line priced under $1000, with all the above features, to
make your testing operations fast, easy, and accurate.
Reliability is exceptional, too. (As you'd expect from a
manufacturer with over 20 years of experience “outscop-
ing” the competition.) So exceptional, in fact, that Hitachi
quality is backed by a 2-year warranty...the longest in the
industry. Whether you use it for teaching or repairs, for
video, audio, or computer testing, you can’t find more
scope for your dollar than at Hitachi. Write for more details.

| Hitachi..The measure

of quality:

W V-152 15 MHz Dual Trace . . .$695*
.$945*
*Probes included.

HITACHI

Hitachi Denshi America,Ltd.
175 Crossways Park West
Woodbury, NY 11797

(516) 921-7200

For more information, Circle No 194
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DOSC Introduces

SEE US AT NCC Booth #3419

THE MOST POWERFUL MICROCOMPUTER

AVAILABLE

48K RAM (64K optional)
with sockets available for
up to 16K PROM

Strobed or Scanned
Keyboard Interface

Serial 1/0O Port

Intel Multibus™ Compatibility

One Board Does It All. ..

Complete as a stand-alone or used with
Intel’s Multibus™, the TCB-85 combines out-
standing performance and reliability with
an impressive variety of features. . .all in
one compact, low priced package.

In addition to an extremely powerful I/O
capability and high level of integration,
the TCB-8S5 is capable of supporting CP/M
and PASCAL with DOSC PROM:s.

The TCB-85 uses the Intel 8085A CPU and
can optionally be ordered with the Intel
8085A-2/10 MHz CPU.

*M Trademark Intel Corporation

TODAY!

TCB-85/
Total Computer Board

Dual-Density/Double-Sided
Floppy Disk Controller

Programmable CRT Controller
Parallel Printer Interface

Programmable Interrupt Controller

Evaluation units are now available for
immediate delivery and priced at just
$1275 in quantities of 100.

Get All the Details Now!
Contact Alex Newman at (516) 621-6640

OISO

OEM PRODUCTS DIVISION
175 I.U. Willets Road, Albertson, NY 11507

For more information, Circle No 195
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To sell thebest term1nal
buy thebestkeyboard.’

The keyboard is one of the most critical components in your com-
puter system. Which is why the first thing to consider when you buy a
keyboard is reliability.

That alone is probably good enough reason to specify a Hall effect
solid state keyboard from MICRO SWITCH. It’s the most reliable keyboard
you can buy. From the beginning, it will help you and your customers
save money on repairs.

As aresult of design innovations, the Hall effect keyboard is com-
petitively priced against lower—performance less reliable keyboards. In-
novations like the microcomputer that gave you the first “intelligent”
keyboard, the three terminal keyswitch module and single-sided printed
circuit boards.

In addition, there’s our Value Engineering Program.

With spemahsts who work with you early in the design of your
product, to give you the best, most effective keyboard for terminals used
in high throughput appllcatlons like word processing, batch data entry,
and photocomposition.

And only our keyboards are backed by a dedicated field engineer-
ing organization, and an experienced application engineering team. To
make sure you have the most cost effective keyboard for the job.

That’s really what buying a keyboard should be about.

And why it pays to buy a Hall effect keyboard from MICRO
SWITCH, the most reliable keyboard you can buy.

For details, write MICRO SWITCH, Freeport, Illinois 61032. Or
call 815-235-6600. In Germany, write Honeywell GMBH, Kaiserlei-
strasse 55, 6050 Offenbach/Main West Germany. ~ Circle 30 for data

Visit us at Electro '80 Booth #2151-57 MICRO SWITCH

aHoneywell Division
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of our Digibridges is price.

Others think performance.

We couldn’t agree more.

One of the biggest problems in choosing an RLC tester is finding the right unit. With the right

features. At the right price.

At GenRad, we give you all the choices you need. Four different Digibridges in four different
price ranges. No matter what your level of testing, one of them will fit your needs precisely. With the

performance you need. And the accuracy you want.

Yet the Digibridge family is economically priced. Because you don’t pay for performance you

don’t need.

So take a look at the Digibridge family from GenRad. You’ll find everything you want. At a price

you can afford.

For more information, call toll-free 1-800-225-7335. In Massachusetts, 1-617-779-2825. Or write

GenRad, Concord, MA 01742.

1657 RLC Digibridge

Our 1657 Digibridge gives you everything you need for basic
RLC testing at a modest $1500. It’s accurate to 0.2%, and lets you
testat 1 kHz as well as 120 or 100 Hz. The 1657 gives you continu-
ous measurements at 3 per second and the choice of series or
parallel measurement modes.

1687 1 MHz LC Digibridge

Inal MHztester our 1687 gives you 0.1% accuracy
on C measurements, 0.2% accuracy on L. measurements.
You get most of the features of our 1658: automatic range selection,
selectable measurement speeds, automatic limit comparison capability,
external DC bias capability, and more. Like self-check diagnostics. At
a cost of just $4000. Optionally, you can also get an IEEE bus/handler
interface, external fixturing and a 1.0V rms test voltage.

1658 RLC Digibridge

For more critical measurements, our 1658 gives you the
measurement accuracy of 0.1%at 1 kHz and 120 or 100 Hz. Its
features include automatic limit comparison capability and select-
able test speeds for fast error free measurements. Range selection
is automatic and the 1658 has external DC bias capability, too. All
for just $3,200. As an option an IEEE bus/handler package for data
communication and high speed automated testing is available.

1688 Precision LC Digibridge

Our top of the line 1688 provides basic accuracy of 0.02%, a
choice of 254 frequencies from 240 Hz to 20 kHz,and a 1 PPM D
measurement resolution. Test speeds can be setat.5,1.5,3.0 or
7.0 measurements per second and test voltages at .25V or 1.0V. Of
course range selection, limit comparison capability and self-check
diagnostics are also included. And that’s the most performance
you can buy for $4900.

GenRad

Put our leadership to the test.
238 For more information, Circle No 196

(Prices shown are U.S.A. list.)

EDN APRIL 20, 1980




The only part better is our service.

For a test jack catalog and distributor list, write E. F Johnson Co., Waseca, MN 56093.

If you don't find it there, we'll custom design it for you. Just call 507-835-6222.

JOHNSON

Your Test Jack Source.

For more information, Circle No 197
EDN APRIL 20, 1980
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These Headers can be
headed your way today.

Need headers for connector
systems, PCB'’s or wire wrapping?
Your A P Distributor has them in
stock and ready for delivery.

Female headers come in single

or double rows of 36 contacts.
Male headers come in straight or right angle configurations in single or
double rows of 36 contacts. All can be cut to any number of contacts by
you or your A P Distributor.

e Dielectric is black thermoplastic polyester and unaffected by flow
soldering or board cleaning solvents.

e Contacts are full hard-copper alloy 770. Gold plated or unplated.

Immediate delivery!

Call one of the distributors below and give him your requirements.

New Products

COMPONENTS
& PACKAGING

LED LAMPS. Units in the subminiature
llluminator Series (MK9150/MK9350)
employ high-efficiency  gallium-
phosphide semiconductor technology to
produce a luminous output of 45 to 80
mcd. The monochromatic devices,
capable of up to 0.5W operation, are
available initially in orange and yellow
with green to follow; the orange lamp can
be filtered to produce high-efficiency red.

Resistant to shock and vibration,
each lamp comprises two LED chips
wired internally in series and mounted in
a 1-piece injection-molded T-1% pack-
age with built-in lens and molded light
reflector.

When operated under normal condi-
tions, the units have a useful life of
100,000 to 1 million hrs. Approximately
$1.20 (small gty). General Instrument
Optoelectronics, 3400 Hillview Ave,
Palo Alto, CA 94304. Phone (415)
493-0400. Circle No 280

He'll fill them “faster and easier’ than anyone else. And you'll find his
prices “‘easy”, too.
For more information call TOLL FREE: 800-321-9668

Arvada,CO (303)423-9670  Norwalk, CT (203) 853-2011
Bensenville, IL (312)595-6622 Orlando, FL (305) 859-1620
Bohemia, NY (516)567-4200 Philadelphia, PA (215) 698-4000
Buffalo, NY (716)884-3450 Phoenix, AZ (602) 279-9446 i : '
Burlingame, CA (415) 348-0483  Plymouth, MN (612) 559-2211 A j
Canoga Park, CA (213)999-5001 Rosemont, IL (312)298-4210 :
Chicago, IL (312)638-4411  San Diego, CA (714) 560-0515 M_ . T
Cleveland, OH (216)587-3600 San Diego, CA (714) 278-6350 ‘ g
Dallas, TX (214)233-0020 SanJose, CA (408) 946-4300
Dallas, TX (214)233-5200 Springfield, NJ (201) 376-8900 PROTOTYPING BOARD. For S-100-bus
Dayton, OH (513)236-9900 Sunnyvale, CA (408) 734-5470 systems, the reusable S100/50 comes
Dcyton,OH (5'13] 236-8088 Sunnyvole.CA (408] 7321100 with a wiring tool and consists of a pc
Denver, CO (303)534-6121  SunValley, CA (2'13) ;62-3?30 board with a 64-pin I/O area, gold edge
Elmhurst, IL (312)279-1000 Tempe, AZ (602) 968-6181
Farmingdale,LINY  (516)293-4141  Tukwila, WA s atan | ot oot S
Houston, TX (7143)777-0358  Wallingford, CT (203)265-7738 't’ Insulati d,' | t
Hudson, NH (603)882-1133  Wilmington, MA (617)657-4310 capaciomn. JNSURTOIT ISP aceMENt col:
Irvine, CA (213)443-3724 ;gctors arf( used.to elaie (;:lrguut-changhesci
Irvine, CA 243)637-0839 -gauge Kynar insulated wire is pushe
King of Prussia, PA {215; 337-3330 A P PRODUCTS into the contacts, piercing the insulation
Mamaroneck, NY (914) 698-9332 INCORPORATED and forming a gas-tight connection. The
Milwaukee, WI (414) 475-6000 g,gﬁ?smédgﬁsc’,"fjow unit accommodates all widely used 2- to
:cu/?k' Mh:‘A Eg}%gzggggg Phone: [216) 354-2101 64-pin DIPs and discretes. From $127.

ewlon, 3 In Europe, contact A P Products GmbH Information Machinery Corp, 110
Newton, MA (617)965-5115  Baeumlesweg 21 ¢ D-7031 Weil 1 ¢ W. German i
Newton UpperFalls, MA  (617)9646200 Phone: (07157) 62424 » TLX B41 07 23ag4. | Middiesex St, Chelmsford, MA 01863.

Phone (617) 251-3270. Circle No 281

Faster and Easier is what we’re all about.

For more information, Circle No 198
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UPPER DIAPHRAGM
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[ LOWER DIAPHRAGM l ?
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The assignment: offer a reliable switch element
capable of evolving into a variety of specialized key-
and rocker switch designs.

, The result: ITT Schadow's Disc Switch.
1 \

At ITT Schadow, we spe- ‘ tact area. This simple, sturdy | from a selection of colors switchmaker” with the ability
cialize in taking basic design has arated service | and graphics. to design, adapt, and
switch designs and chang- J life of up to 10,000,000 cycles. | Over the past two dec- | manufacture switches for
ing them to fit your specific | Schadow’s Disc Switch is | ades, we've made millions | nearly every requirement.
applications. We've builta | available as a basic switch | of pushbutton, key-, rocker, Your ITT Schadow
reputation on our aware- element, in a variety of and rotary switches forsome | manufacturer’s representa-
ness that the first two sylla- standard packages as of America’s largest con- | tive or distributor can tell
bles of "customer” are shown, and in custom sumer and industrial OEM’s. | you more. Or contact ITT
“custom.” packages. You can choose | We are your "creative Schadow Inc., a subsidiary

Customized adapta- of International Telephone
tions work best when they're and Telegraph, 8081 Wal-
based on products with a | lace Road, Eden Prairie,
proven record of reliability. | MN 55344. Phone 612/934-
Our popular Disc Switch is a 4400, TWX 910-576-2469,
case in point. When de- Telex 29-0556.
pressed, its upper dome-
shaped diaphragm flattens
to make positive contact

» ! 5
with a lower diaphragm 1 : ‘ ITT
over a broad circular con- | Schadow

For more information, Circle No 199
EDN APRIL 20, 1980 291




If Ben Experimented Today, \

He Could Rent Any One Of 18000
Test Instruments From General Electric.

Short of a kite and a key,
a broad selection of the
most wanted test instru-

ments is available—like
lightning!—from a GE
Rental Shop near you.
Biddle Megger Testers.
Hewlett-Packard Signal
Generators. Honeywell
Oscillographs and Plug-in
Amplifiers. Scopes from
Tektronix. Recorders from
Gould Brush and

All rental instruments
are maintained in tip-
top shape, thoroughly
checked and calibrated
before each shipment.
And it's on the way
to you fast, normally
the same day you call.

For your FREE RENTAL
CATALOG call collect
to the inventory center
nearest you; [JLos Angeles,
CA (213) 642-5350 [J Atlantaq,

GA (404) 457-5563 O Chicago,

IL (312) 854-2994 [ Detroit, MI (313)
285-6700 O Schenectady, NY (518)
385-2195 OO New York City (201)
227-7900 O Houston, TX (713)
672-3570. Or call (518) 327-9900.

For more information, Circle No 201

Esterline Angus...and many more.
So, whether you need a single scope,
specialized instrumentation, a com-

plex measurement system or appli-
cation assistance, renting
from GE is a breeze!

GENERAL ELECTRIC COMPANY
Apparatus Service Division
Building 4, Room 210, 1 River Road
Schenectady, NY 12345

GENERAL @3 ELECTRIC




New Products

(Quicie

CARD FILE. The K-1005-A integrates ‘}ltCK rent?}
the Aim-65 computer, a keyboard and a ln rumcn
series of expansion boards into one
compact, portable unit complete with
mother board. Drawing no power, the
unbuffered mother board utilizes the Aim
bus structure- to carry expansion-
connector signals to up to four additional
boards; a fifth undedicated position is
provided for a board not on the bus. To
reduce noise, the mother board is a
double-sided pc board with ground
plane. An applications mother board
(K-1005-3-AP) is optional. $95; K-1005-
3-AP, $29. Micro Technology Unlimit-
ed, Box 4596, Manchester, NH 03108.
Phone (603) 627-1464. Circle No 282

OSCILLATOR. Model P-453 L-C
voltage-controlled unit is available at any
frequency in the 100- to 400-MHz range. GENERAL (é@ ELECTRIC
Frequency deviation ranges to =10%
with a =5V dc control voltage; the control
voltage can be modulated at a rate up to

T e The General Electric

power equals +10 dBm into 50().
Single-sideband phase noise in a 1-Hz

bandwidth equals —60 dB at 300 Hz, es ns ru men
—81 dB at 1 kHz, —108 dB at 10 kHz and
—142 dB at 500 kHz. $420 (10). Rental Catalo '
Greenray Industries Inc, 840 W Church g .

Rd, Mechanicsburg, PA 17055. Phone

(717) 766-0223. Circle No 283 ® It's all-new and it's free

® QOver 18,000 test or measurement
OSCILLATOR. Featuring current re- instruments from leading manu-
quirements as low as 50 pA and suitable facturers in stock
P PR POMRS R i taguiing e From accelerometers to X-Y recorders
10- to 250-kHz time base, Model LQXO-4 : : ?
is a self-contained hermetically sealed, ® All calibrated to manufacturers’ specs
hybrid quartz crystal oscillator consisting and ready for fast delivery.
of a Statek tuning-fork crystal, CMOS @ Call or write for your FREE copy now!
amplifier and capacitors and resistors
mounted on a thin-film substrate. The GENERAL ELECTRIC COMPANY
unit is available in eight stock APPARATUS SERVICE DIVISION
frequencies, has an operating- BUILDING 4, ROOM 210
temperature range of —55 to +125°C, SCHENECTADVY N.Y. 12345
withstands shock to 1000g and provides (518) 372-9900

accuracy to *0.01% (*0.02% typ).
$12.50 (1k). Statek Corp, 512 N Main,

Orange, CA 92668. Phone (714)
639-7810. Circle No 284 GENERAL ELECTR'C
For more information, Circle No 202
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New Products

CRYSTAL CLOCK oscillators in the
BW9101 Series utilize hybrid-circuit
packaging techniques and cover the
frequency range of 250 kHz to 50 MHz.
Having a height of 0.2 in. and occupying
0.815x0.515 in. on a circuit board, the
hermetically sealed units operate from a
5V supply, are TTL compatible and
provide frequency stability of +0.01%
over the specified operating range. They
are also claimed solvent resistant and

leak tested to MIL-STD-883A. $6 (10k).
Bulova Watch Co Inc, 61-20 Woodside
Ave, Woodside, NY 11377. Phone (212)
335-6000. Circle No 285

MOMENTARY PUSHBUTTONS. MSPF
Series units sport an exceptionally large
button and a full-threaded, '%s2-in. body
that suits front- or rear-panel mounting.
The devices feature a contact self-
leveling capability to furnish minimum

The advanced
avionics connector

THE ARING 600
NOW FROM SOURIAU

SOURIAU’s S600 Series is design-
ed to meet the stringent re-
quirements of the next generation
of digital electronic equipment.
Manufactured in accordance with
Specification ARINC 600,
SOURIAU’s S600 Series features
low insertion force, high
resistance to random vibrations
(white noise), and high contact

SOURIAU, INC
7765 KESTER AVE.
’ VAN NUYS, CA 91405

(213) 787-5341 @ TWX 910-495-2028

density. Available in the three
shell sizes outlined by ARINC 600,
SOURIAU’s S600 Series Connec-
tors feature size #22 contacts in
layouts of 120, 300 and 600 con-
tacts, together with power, coax-
ial, fiber-optic and fluidic con-
tacts. Signal contacts are rear-
removeable crimp, P.C. terminal or
wire-wrap.

contact resistance and come with a
choice of standard red, white, blue, black
or custom-colored buttons. Available as
normally open, normally closed or
normally open/normally closed devices,
all units have epoxy seals to reduce
contamination during soldering. $0.99
(250) for normally open unit. Alco
Electronic Products Inc, 1551 Osgood
St, North Andover, MA 01845. Phone
(617) 685-4371. Circle No 286

-

ULTRAMIN CONNECTORS. Featuring

simplified assembly, these coaxial
connectors come in ultraminiature and
miniature sizes with outer diameters of
and % in., respectively. Overall plug
length is <0.25 in. Bodies and pins are
gold-plated brass; the sockets, gold-
plated beryllium-copper; the insulators,
TFE Teflon. From $0.95 (1k). Microtech
Inc, 1420 Conchester Hwy, Boothwyn,
PA 19061. Phone (215) 459-3566.
Circle No 287

STRIPLINE HYBRIDS. Constituting a
line of 90° quadrature hybrids covering
200 to 18,000 MHz, H Series units are
specified in the standard full-octave
bands. Typical specs for Model 7012
include frequency range of 7 to 12 GHz,
isolation of 20 dB min, insertion loss of
0.5 dB max, maximum VSWR of 1.35,
phase balance of +3° and amplitude
balance of 0.3 dB. All units come with
sealed SMA steel connectors and
captivated center conductors. $95;
except Model H1218 (12 to 18 GHz),
$125. Engelmann Microwave Co,
Skyline Dr, Montville, NJ 07045. Phone
(201) 334-5700. Circle No 288
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LAMBDA INTRODUCES LOW-COST

SWITCHING POWER SUPPLIES

Y2 the weight, 60% the size, twice the efficiency

AND THE SAME PRICE AS
LOW-COST LINEARS.

Compare these specifications & cost

LUS-8-5,
5V @3A,
$46.

LU SERIES SWITCHING

LO SERIES LINEAR

LU Series Description LO Series
_ Lusss . Model _ LOSZ5 -
5V +5% Output Voltage ) ==
3A ~ Current ~8A
| 3.82x1.38x354 Size A x4 x 1% |
~ .B2Ibs. Weight _ elh | 2lbs.
| 62% - _Efficiency (Min)  25% =
803 ) | Watts/cubicinch 473 E————
[ 0.85% . Regulation | 0.15% - .
s 120mV p-p ~_Ripple ~ SmVpp -
available as accessory ov < _available as accessory )
If $46 - __Price. = i $46
90 days Guarantee 90 days

A Lambda staffed sales and service offices

ATLANTIC REGION MID-WESTERN REGION
Melville, New York 11747 Arlin%lon Heights, 1ll. 60005
515 Broad Hollow Road 2420 East Oakton St., UnitQ
Tel. 516-694-4200 Tel. 800-645-9032
TWX:510-224-6484 TWX910-222-2856

NORTH-EASTERN REGION FAR-WESTERN REGION
Lexington, Massachusetts 02173 Cerritos, Ca 90701

2 Militia Drive 12607 Hidden Creek Way Suite J
Tel. 800-645-9420 Tel. 213-926-0562

TWX: 710-326-7558 TWX: 910-346-7649

EAST-CENTRAL REGION SOUTH-WESTERN REGION
Lexi M h tts, 02173 Dallas, Texas 75231

6950 Winchester

Tel. 214-341-5130

TWX: 910-861-9048

2 Militia Drive
Tel. 800-645-9420
TWX: 710-326-7558

NORTH-WESTERN REGION
Sunnyvale, Ca 94086
599 N. Mathilda Ave.

LLAMBDA

Tel. 408-738-2541 4
Te tog 185541 ELE(\“/T RONICS
CANADA ovisioNof (| /ee€co) INSTRUMENTS INC
Veeco Lambda Ltd. u

100C Hymus Blvd
Pointe-Claire, Quebec-H9R 1E4
Tel. 514-697-6520

TWX: 610-422-3029

Veeco Lambda Ltd.

P.O. Box 501, Postal Station K
Toronto, Ont., M4P 2G9

Tel. 416-486-0794

TWX: 610-422-3029



LU SERIES
SPECIFICATIONS

DC Output
Voltage range shown in tables opposite page.

Regulated Voltage

regulation, line .......... 0.4%

regulation, load ......... 0.85%

ripple andnoise ........ 120mV p-p for 5V models,

150mV p-p for 12V and 15V
models, 200mV p-p for 24V

models
temperature coefficient ..0.02%/°C
AC Input
I o ot et o 2 el el S o 105 to 132 VAC, 47-440 Hz
efficiency minimum .. ... 62% 1or LUS-8 models, 66%
for LUS-9 models, 72% for
LUS-10 models
DCinput.................... 130-160 VDC.
Overshoot

No overshoot at turn-on, turn-off or power failure

Ambient Operating Temperature
Continuous duty 0° to 50°C with suitable derating shown
in table on opposite page.

Storage Temperature
—30°Cto +85°C

Overload Protection

External overload protection, automatic factory preset
electronic current limiting circuit limits the output current
thereby providing protection for the load as well as the
power supply. Internal failure protection provided by fuse.

Overvoltage Protection
Overvoltage protection is standard on LUS-9 and

LUS-10 models. For other models see accessory pages

in catalog.

Cooling

Convection cooled, no fans or blowers needed.

DC Output Controls
Simple screwdriver voltage adjustment over the entire
voltage range.

Mounting
One mounting surface, one mounting position.

Input and Output Connections
Heavy duty terminal block on front of chassis.

Physical Data
Package Weight (Ibs.)
Model Net Ship Size Inches
LUS-8 0.62 075 3.82x1.38x354
LUS-9 078 1.00 382x1.38x4.53
LUS-10 1.04 125 3.82x1.46x6.02
Finish

Gray, Fed. Std. 595, No. 26081.

Accessories
Overvoltage protectors available see catalog. (Built-in
LUS-9, LUS-10 models.)

Guarantee
90 days guarantee includes labor as well as parts. Guaran-
tee applies to operation at full published specifications at
end of 90 days.

Designed for listing in Underwriter's Laboratories
recognized component index.




NOW SWITCHING POWER SUPPLIES
AT AN INCREDIBLY LOW PRICE
THE NEW LU SERIES

3.82

Q é;.w:",'“ D ’ & - SN
\» 138> -
1.38
X 46
. 1.46

LU-8 PACKAGE LU-9 PACKAGE LU-10 PACKAGE
UP TO 24V UP TO 24V UP TO 24V
UP TO 3A UP TO 5A UP TO 10A

VOLTAGE AND CURRENT RATINGS

REGULATION RIPPLE MAX CURRENT (AMPS AT)  PKG DIMENSIONS

MODEL (LINE,LOAD)  (mV p-p) 40°C 50°C SIZE (INCHES) PRICE
5V +5% ADJ.

LUS-8-5 0.4%, 0.85% 120 3.0 2:] 8 3.82x 1.38x3.54 $46
LUS-9-5 0.4%, 0.85% 120 50 3.5 9 3.82x1.38x4.53 70
LUS-10-5 0.4%, 0.85% 120 10.0 70 10 3.82x 1.46 x6.02 95
12V +5% ADJ.

LUS-8-12 0.4%, 0.85% 150 1.3 09 8 3.82x 1.38 x3.54 $46
LUS-9-12 0.4%, 0.85% 150 2.1 1.5 9 3.82x1.38x4.53 70
LUS-10-12 0.4%, 0.85% 150 4.2 29 10 3.82x1.46 x6.02 95
15V £5% ADJ.

LUS-8-15 0.4%, 0.85% 150 1.0 0.7 8 3.82x1.38x3.54 $46
LUS-9-15 0.4%, 0.85% 150 |27 1.2 9 3.82x1.38x4.53 70
LUS-10-15 0.4%, 0.85% 150 34 24 10 3.82x1.46x6.02 95
24V +5% ADJ.

LUS-8-24 0.4%, 0.85% 200 0.6 0.4 8 3.82x1.38 x3.54 $46
LUS-9-24 0.4%, 0.85% 200 1.0 0.7 9 3.82x1.38x4.53 70

LUS-10-24 0.4%, 0.85% 200 2.1 1.5 10 3.82x1.46x6.02 95




L120

WHAT THIS COUNTRY NEEDS
IS A GOOD $46.
SWITCHING POWER SUPPLY.

Mertill=Simon
; Vice-President of Marketing
» ‘ Lambda Electronics

—

'AND NOW LAMBDA HAS IT!

THE NEW LU SERIES, UP TO 24V, UP TO 10 AMPS

*LUS-8-5, 5V, 3A—$46.

A LAMBDA ELECTRONICS




New Products 1

CODE SWITCHES. Capable of ret-
rofitting many popular thumbwheel
switches, DPS 8, -9 and -10 Series
bidirectional units come with decimal,
BCD and BCD-complement codes, have
readout characters up to 60% larger than

Measure pulsed and CW electric
fields accurately, easily
and economically

The EFS-2 E-Field Sensor measures electric fields from 1 to 300
volts/meter, pulse or CW, in a frequency range of 10KHz to 220
MHz. A companion model, the EFS-3 also offers monopulse
capability; the EFS-3 can operate on a single pulse as narrow as 1
usec. No tuning or bandswitching is required. Self-contained and
powered by rechargeable batteries, the unit is physically small,
thus has only negligible effect on the field.
are available for remote readout or control,

optic data link. Write for com-
plete data on the EFS-2 and
EFS-3. These low cost instru-
ments offer maximum versa-

Accessories
including fiber

similar thumbwheel types and are i &
designed for mounting from front of the f(lllty and accuracy.for measu.r
panel. The 0.315-(-8 and -9 models) and lf"g and monitoring electric
0.394-in.-wide (-10) devices snap fields.

together to form groups of any size.
Heavy gold-clad contacts improve
reliability. Model DPS 9-131-AK (BCD
code), $2.96 (100). Alco Electronic
Products Inc, 1551 Osgood St, North
Andover, MA 01845. Phone (617)
685-4371. Circle No 289

instruments For industry, inc.

151 Toledo Street ¢ Farmingdale, N.Y. 11735
516-694-1414 Cable: Electronic Hallandale, Fla. Telex: 51-43-32

For more information, Circle No 204

CONDUCTIVE-INK CONNECTOR. A
compact, low-profile UL 94V-0 rated
termination for conductive-ink circuitry,
Flexlok CIC 1-piece unit uses a contact
shape designed to minimize abrasion of
the ink during extraction and insertion. It
provides gas-tight high-pressure inter-
connections, claimed as reliable as
gold-plated systems but at a lower cost.
The connector is supplied with contacts
assembled and comes in two versions:
with 90° approach angle (side entry) or
with perpendicular attitude (top entry).
Six to 21 traces on 0.1-in. centers and
conductive - ink - circuitry thickness of
0.006 to 0.02 in. can be accommodated.
Burndy Corp, Norwalk, CT 06852.
Phone (203) 838-4444. Circle No 290

" trtle
est wa
fo solve ygur
~=~ electronic wire
problems...

® over 8,000 different electronic wire and cable
products, including instrumentation and tubing

® delivered from stock e cut to length

® from nearby warehouses throughout the word

RESISTOR NETWORKS. Type T912 ® manufacturing capabilities for all

precision networks are constructed with
Tetrinox resistance films that provide
ratio tolerances from +0.1 to +0.01%,
ratio TCs of either 10, 5 or 2 ppm/°C and
ratio stability of resistance at full load
(2000 hrs) within +0.01%. Available in
12 standard models with two equal-
resistance values from 5000 to 1 M(},
the thin-profile units have standard lead
spacings of 0.1 in. $1.35 (1k) for
standard, 10,0002, 0.1%-tolerance and
10-ppm/°C TC tracking unit. Delivery,
stock to 6 wks. Caddock Electronics
Inc, 3127 Chicago Ave, Riverside, CA
92507. Phone (714) 683-5361.

Circle No 291

industrial and military specs
® 50 years of knowledge and experience

Phone today for Manhattan Cable's
latest catalog it belongs on your desk!

s0s Manhattan

ELECTRIC CABLE CORP

NEW JERSEY NEW YORK SAN FRANCISCO LOS ANGELES
5201; 779-8900  (800) 631-3528  (415) 697-7016 213) 685-5500
800) 631-3528 5800; 423-4040

CLEVELAND HOUSTON ATLANTA CHICAGO
$21 6; 749-7500 g71 3; 868-2222 EAOAg 346-1100 312) 344-5040
800) 362-2915 800) 392-4948 800) 241-8620 5800; 323-9022

For more information, Circle No 205
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Some memonries
; on't need
| surge protectio

| Your computer has a memory that does. If surge gets
| through to the data bank, memories are altered and
pc boards are charred causing havoc throughout

your system. The TII-428 Surge Protector is the most
effective and easiest to install 115 vac powerline
protection available. It
combines a superfast
varistor with a power-

backed up with a
fuse for triple-protection. If
a surge ever attacks your

sure there’s no downtime

hungry 3-electrode gas tube

memory, the TII-428 will make

For free brochure
and test data,
please call

or write:
SALES OFFICE -

’ll® INDUSTRIES, ING

100 MORTH STRONG AVEVUE

or lost data.That’s the
TIl-428. Remember it.

For more information, Circle No 206

LINODENVHURST MY 1757
15/6) 842-5000 TELEX: 14 -465/

ol O

Phasemetrics. The Better Way!

When searching for the best way to measure anything, think
first in terms of the “fundamental parameters’ Voltage,
Current, Frequency and Phase. For the highest accuracy
phase meters, think of the Dranetz Series 305. It's the
easiest and the best way to make bandwidth, immittance,Q,
power factor and many more measurements. Write for your
Applications Handbook.

foranETZ]
DRANETZ ENGINEERING LABORATORIES, INCORPORATED

2385 South Clinton Ave., South Plainfield, N.J. 07080 « (201) 755-7080, TWX 710-997-9553

N

IC’s, LED’s, TRANSISTORS, RELAYS

SOCKETS & MOUNTING

DEVICES

The most complete line in the industry featuring Teflon
insulators, high retention precision contacts for ex-
cellent electrical, noise and mechanical character-
istics. No loose hardware. Units available for inter-
ference fit into chamfered chassis holes, or quarter-
turn “D” hole mounting for positive locking action.
Send for latest catalog to. . . .

O

& CIRCUIT COMPONENTS DIVISION

SEALECTRO

MAMARONECK, N.Y. 10543
PHONE: 914 698-5600 TWX: 710-566-1110
O Sealectro West:
14011 Ventura Bivd., Suite 215, Sherman Oaks, Ca. 91423, (213) 930.8131
1901 01d Middlefield Way, Suite 13, Mountain View, Ca. 94043 (415) 9651212
SEALECTRO|  Seatectro Lta., Portsmouth, Hants, England
Sealectro S.A., Zone Industrielle Toulon Est, 83087 Toulon Cedex, France
CIRCUIT COMPONENTS B R F.COMPONENTS B PROGRAMMING DEVICES

J

For literature, Circle no 37 For demonstration, Circle no 38

For more information, Circle No 207
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T e
FAIRCHILD

e T
A Schlumberger Company

The solid state CCD imaging leader.

If you serve the industrial inspection market or have a
need in your own operation for automated industrial
inspection, look to the technology leader in CCD image
sensing. Fairchild.

We make CCD image sensors and camera
subsystemns with the precise geometric

accuracy and high-speed capabilities

needed for non-contact measurement.

decade.

Contact CCD Imaging, Fairchild
Advanced Technology Group, 4001
Miranda Avenue, Palo Alto, California
94304. Telephone: (415) 493-8001.
TWX: 910-373-1227.

And we've been making them for a
better image

inindustrial inspection.

For more information, Circle No 397

sonimagl8

XVII INTERNATIONAL IMAGE, SOUND AND ELECTRONICS SHOW

TO SEE AND HEAR

(P

&
TR/
e/

4 LARGE EXHIBITION PALACES DEALING WITH
IN

Recording and play back
.— Hi-fi, Sound and Vision, Recording,

equipment.
3 l Musical Instruments and
[

Components, Production Systems,
Materials, Control Instruments,
Security Systems, Communications
(Professional, Radio hams).

Symposiums, Conventions,

Meetings. Hi-Fi and Video
demonstrations.

4717

FAIR GROUNDS: BARCELONA (SPAIN) 29th september, S5th october, 1980
Trade visitors: 29th, 30th september and 1st october - General Public: 2nd, 3rd, 4th and 5th october

INFORMATION: Avda. M? Cristina, s/n. - BARCELONA-4 (Spain) Tel. 223 31 01
Telex 50458 FOIMB-E

For more information, Circle No 254
EDN APRIL 20, 1980

Spectacular lighting systems.

3

. . .

Magnetic Shielding by Eagle

CUSTOM SHIELDS ® STANDARD SHIELDS @ FINISHING

® DESIGN ENGINEERING ® FOIL ® HEAT TREATING

@ SHEET ® TESTING ® CONSULTING @ FABRICATION
Eagle can help improve your Choose from a wide selec-
product, and lower costs, by tion of sheet and foil, so you
designing the right shield can form your own shields.
for you. Take advantage ~ For helpful design and
of Eagle's vast back- / [F7c 13 cost data, write or call.
ground in shield de- ﬁ% [rerardy Offices worldwide.

an and production. ¥V

P.O. BOX 24283 ® INDIANAPOLIS, INDIANA, 46224 ® PHONE (317)297-1030

™~

For more information, Circle No 253
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Ultra-Violet Products’ C-91
MEMORASE® EPROM Erasing
System completely erases up to
96 chips in less than 7 minutes.

The 10” x 10” grid allows erasures
on the board. Chips are protected
from electrostatic build-up by
special conductive foam liners.

Volume
EPROM
Erasing
Under

4 Minutes!

Erase up to 600 chips with
UVP’s C-90 MEMORASE®
EPROM Erasing system.

Removable trays are available.

Each MEMORASE® System is
quality built and backed by
nearly 50 years of UV experience
and technology.

Applications Problem? Call Ron Cooper.

ULTRA-VIOLET PRODUCTS, INC.@®

5100 Walnut Grove Ave.

* San Gabriel, CA 91778

(213) 285-3123

For more inform

ation, Circle No 210

New Products

Sprague-Goodman.

The first an

d last name

for trimmer capacitors.

PISTONCAP;

At Sprague-Goodman we specialize
in trimmer capacitors. They're our only
business. So we offer prompt service
and off-the-shelf delivery of our full
line of catalog parts. From mulfi-turn
tubular Pistoncaps®in glass or quartz,
thru ceramic single turn and Filmtrim™
plastic single turn, to our new Mica com-
pression line.

IC/ FILMTRIM'/MICA

Our comprehensive line of trimmer
capacitors deliver reliability at com-
petitive prices, and our staff is always
available for custom designing fo your
needs.

So the next time trimmer capacitors
are called for, call us or your distributor
and ask for them by name...Sprague-
Goodman.

LA Sprague-Goodman Electronics, Inc.
Goooman (An Affiliate of the Sprague Electric Company)
134 FULTON AVE., GARDEN CITY PARK, N.Y. 11040 « 516-746-1385 + TLX:14-4533

For more information, Circle No 211

302

BURN-IN SOCKETS. Available with
three through 12 gold-plated contacts,
TS-5173 TO-pattern devices come in
both standard (150°C with BeCu
contacts) and high-temperature versions
(200°C with BeNi contacts). The units
provide very low insertion force for fast
loading/unloading and have a center
locating stud for added mounting rigidity.
$0.63 (1k). Robinson-Nugent Inc, 800
E Eighth St, New Albany, IN 47150.
Phone (812) 945-0211. Circle No 292

FLANGE-MOUNT CONNECTORS. For
0.085- and 0.141-in. semirigid cable that
operates at up to 18 GHz, 4500 Series
units meet or exceed MIL-C-39012.
Model 4055-0002 and -0003 devices
come with gold-plated brass bodies,
Teflon insulators and beryllium-copper
contacts; Model 4055-6002, -6003 units
have gold-plated stainless-steel bodies,
Teflon insulators and beryllium-copper
contacts. Typical specs include VSWR of
1.10 and insertion loss of 0.05 dB from
dc to 15 GHz, 0.1 dB from 15.1 to 18
GHz. Models 4055-0002 and -0003,
$7.60; Models 4055-6002 and -6003,
$10.95 (100). Delivery, 14 to 18 wks
ARO. Solitron/Microwave, Cove Rd,
Port Salerno, FL 33492. Phone (305)
287-5000. Circle No 293

CW LASER. An addition to the
company’s line of low-divergence lensed
cw units, Model LCW-30 combines a
multimode cw laser with an NSG Selfoc
lens, all in an LDL-9F package. The
device provides <7-mrad divergence at
5-mW output. Typical specs include a
threshold of 100 mA and operating
current of 135 mA at a peak wavelength
of 820 nm. $500. Delivery, 4 to 6 wks
ARO. Laser Diode Laboratories Inc,
1130 Somerset St, New Brunswick, NJ
08901. Phone (201) 249-7000.

Circle No 294

EDN APRIL 20, 1980




SIEMENS

Tester's -,
choice. .

Our 1108 Series Dip IC Handler
is the tester’s choice for several
great reasons.

One is speed. In ambient or hot
configurations, the 1108 is the fastest
commercially available handler
you can buy: 10,000 per-hour
maximum, with 250 ms of
test time, and 8 output sorts.

Friendly interface with
virtually any tester is another
choice benefit of the 1108. That's because it's
made by a leading tester manufacturer. (We
make the 725 Digital IC Tester.)

Contact us now for applications assistance,
and for the equipment that's the tester’s choice
on both ends of the interface cable. Just
write or call Mr. Cliff Small, Siemens
Corporation, Measurement Systems
Division, 2 Pin Oak Lane, Cherry Hill,

NJ 08034. (609) 424-9210.

The Siemens 1108 DIP IC Handler Series

For more information, Circle No 212
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Blpblar
Transistors

e
‘Medical

Crystalonics developed the epitaxial
junction process for chopper and
switching transistors and continues to
be the leader in the technology. Our
line includes:

* NPN Low Level Switching and
Chopper Transistors: BVEBO to 30V,
Tee (sat) to 2 Ohms and Hy, (inv) to 30
(2N6566); V, to 0.4 mV (2N2432A).

» PNP Low Level Switching and
Chopper Transistors: BVEBO to 50V
(2N5231), Hye (inv) to 50 and Vi to 0.3
mV (2N2944A); .. (sat) to 2 Ohms
(2N6567).

¢ Dual Emitter Choppers, NPN and
PNP: BVEEO to 50V, V,to 30

" w1V, and r,, (sat) to 15 Ohms.

¢ Complementary Ultra-Low r. (sat)
PNP/NPN Switches: BVEBO 30V, V,,
1mV, and r, (sat) to 2 Ohms.

« JAN/JANTX/JANTXV Transistors:
qualified on over 20 types, including
the popular series 2N2432 and
2N2946.

¢ NPN Grown Junction Replacements,
including JAN2N333 thru 2N343.

For further information send for our short
form catalog.

“ TELEDYNE
CRYSTALONICS
147 Sherman Street
Cambridge, MA 02140

Tel: (617) 491-1670
TWX 710-320-1196

For more information, Circle No 213
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TI
Distributors

ALABAMA: Huntsville, Hall-Mark (205) 837-8700.

ARIZONA: Phoenix, Kierulff Electronics (602) 243-4101; R.V.
;Vs%atgfgord (602) 272-7144; Tempe, Marshall Industries (602)

CALIFORNIA: Anaheim, R.V. Weatherford (714) 634- 9600 Cmgl
Park, Marshall Industries gr213) 999-5001; Chatsworth
998-2200: Costa mn uppl{ 714) 979- 5391 EI lomo
Marshall Industries gﬂ ) 686-0141; EI Segunde, TI Supply (213g
973 2571; Glendale, R.V. Weatherford (213) 849- 3451 am
05) 964-6823; anl Marshall Indusmos 7,4
lln, Kierulff Electronics (213) 725 (2131"’48 1271
n View, Time Elnctmmcs (415) 965 8000 Kierulff
Elactronlcs (415)9 292; Pomona, R Weathadord (714) 623-
126 nDlo!o Anow Electronics 5714)5 ‘800 Kleml Elec-
tromcs (714) 278- 2112 MirshaM In ustnas (71& 350; R.V.
Waatham)m (714) eathenord (805)
465-8! Sunnyvale, Anow Elmmmcs AAOB 739-3011; Marshall
Industrles (408) 732- 1100 TI Supply (408) 732-5555; United Com-
gonents (408) 737-7474; Torrance, Time Electronics (213) 320-
0; Tustin, Kierulff Electromcs (714) 731-5711.
COLORADO: Denver, Arrow Electronics (303) 758-2100,
Diplomat/Denver, Fg‘:ﬂ):!z'vln -5544; Kierulff Electronics (303) 371-
6500; eatherford (303) 770-9762.

DIGITAL PICKUP. Model 4-0063
Zero-Velocity unit uses solid-state
circuitry combined with Hall-effect
principles to provide constant-amplitude
logic pulses from dc to 10,000 Hz.
Providing high noise immunity (to 800V
transients; UHF radiation of 4W at 462
MHz and a distance of 2 ft; and noise
pulses of 100 to 800V pk), the unit
operates over —25 to +80°C. The
stainless-steel-housed pickup's output
signals can feed a square-wave fanout of
up to 10 TTL inputs at 50% (+10%) duty
cycle. $190. Airpax, 6801 W Sunrise
Blivd, Ft Lauderdale, FL 33313. Phone
(305) 587-1100. Circle No 295

SENSING RELAY. Series RSR provides
single-level controlin liquid-level applica-
tions requiring nonmechanical detecting
and switching. A probe is used to sense
the level of water or other slightly
conductive liquids. Continuity is sensed
between the probe and the liquid,
causing the output relay contacts to
transfer. Housed in a plug-in package
and operating from a 115V ac power
supply, the unit has isolated, 5A spdt
relay output that energizes when the
resistance across the sensing input falls
below the preset value. Sensitivity can
be supplied fixed or adjustable. $40.
Control Engineering Inc, 1686 River-
dale St, West Springfield, MA 01089.
Phone (413) 781-1330. Circle No 296

HALL-EFFECT SENSORS. Housed in
thermoplastic threaded bushings, solid-
state 200SR Series units are sensitive to
magnetic fields and operate at speeds
from 0 to 100,000 operations per second.
They feature a single digital current-
sinking output and come in either 4.5 to
5.5V dc or 6 to 16V dc versions. The
logic-level output eliminates the need for
amplifiers in most applications. Absolute
maximum supply voltage ranges from
—1.2 to +20V dc, with output current to
40 mA max; operating-temperature
range equals —40 to +105°C. $8.25 for a
typical unit. Micro Switch, 11 W Spring
St, Freeport, IL 61032. Phone (815)
235-6600. Circle No 297

COINECTIGUT Hamden, Arrow Electronics (203) 248-3801; Tl Sup-
eh ly (203) 281-4669; Omm Milgr: lConnectlcul (203) 795- 0714;
llingford, Wilshire Electronics (2! )26
FLORIDA: Clearwater, Diplomat/Southland (8!3) 443-4514; Ft.
Lauderdale, Arrow Electronics (305) 776-7790; Dlplomat/Ft
Lauderdale ﬁOS) 971-7160; Hall-Mark/Miami (305) 971-9280; Or-
lando, Hall- ark/OrIando (305) 855-4020; Palm la; Arrow Elec-
tronics (30?2 5-1480; Duplom:UFlonda 305) 725-4520; St.
Petersbu ierulff Electromcs (813) 576-1966; Winter Park, Mil-
gray Elec"onlcs (305) 647

GEORGIA: Doraville, Arrow Electromcs (404) 455-4054; Norcross,
Wilshire Electronics (404) 923-5750.

ILLINOIS: Arfington Hei Tl Supply (312) 640-2964; Bensonville,
Hall- MarkIChlca o !m?us J’J’ Ell Gm)n Village, ierulff Elec-
tronics (312) 6 200 chlun Newark Eleclromcs (312) 638-
4411; Schaumbum, Arrow Electronics (312) 893

INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423 3422 Indian-
apolis, Graham lectronics (317) 634-8202.

I0WA: Cedar Rapids, Deeco (319) 365-7551.

KANSAS: Lenexa, Component Specialties (913) 492-3555; Shawnee
Mission, Hall-Mark/Kansas City (913) 888-

MARYLAND: Baltimore, Arrow Electrumcs 02) 737-1700, (301)
247-5200; Hall- Mark/BaItlmore (30,& 796-9300; Columbia, Diplo-
matharyland (301) 9 ersburg Cramer/Washmulon
(301) 948-0110; Rockvllll Mlluray/Washmmon (301) 468-6400.

MASSACHUSETTS: Billerica, Kierulff Electronics (617) 667-8331;
Burlington, Wilshire Electronics (617) 272-8200; Newton,
Cramer/Newton (617) 969-7700; Waltham, TI Supply (617) 890-
0510; Woburn, Arrow Electronics (617) 933-8130.

MICHIGAN: Ann Arbor, Arrow Electronics (313) 971-8220; Oak Park,
Newark Electronics gam 967-0600; Grand Rapids, Newark Elec-
tronics (616) 241-

MINNESOTA: Edlnl Arrow Electmmcs (612) 830-1800; Plymouth,
Marshall Industrials (612) 559-221

HISSOUHI Earth City, Hall- MarkISt Louus 314) 291-5350; Kansas
b? mponent Specialties (913) 492-3555; LCOMP-| Kansas City
(816) 221-2400; St. Louls, LCOMP-St. Louis (314) 291-6200.

NEW HAMPSHIRE: Manchester, Arrow Electronics (603) 668-6968.

NEW JERSEY: Camden, General Radio Supply (609) 964-8560; Che:
Hill, M|IuraleeIaware Valley (609) 424-1300; l:lm TI Supply (201
382- 6400; Clifton, Wilshire Electronics (201) 340-1900; Fairfield,
Kierulff Electronics 201) 575-6750; Moorestown, Arrow Electronics
(609) 235-1900; Saddlebrook, Arrow Electronics (201) 797-5800.

NEW MEXICO: Albuquerque, Arrow Electronics (505& 243-4566;
:gaeg)nanonal Electronics (505) 262-2011; United Components
NEW YORK: Endmll Wilshire Electronics (607) 754-1570; Farming-
dale, Arrow Electronics (516) 694-6800; Freeport, Milgray Elec-
tronics (516) 546-6000, N.J. (8008 645-3986; mu[rluoo Arrow
Electronics (516) 231-1000; JACO (516) 273-5500 ool, Cra-
merl Syracuse( 15) 652-1000; New York, Wilshire Electrnmcs (212)
Rochester, Cramer/Rochester (716) 275-0300; Rochester
Radlo Supply (716) 454-7800; Wilshire Electromcs (716) 235-7620;
Woodbury, Diplomat/Long Island (516) 921-
NORTH CAROLINA: Kernersville, Arrow Eleclmmcs (919) 966-2039;
Raleigh, Hall-Mark (319) 832-4465.

OHIO: Cleveland, TI Suep ly (216) 464-2435; Columbus, Hall-

Mark/Ohio (614) 846-1882; Dayton, ESCO Electronics (513) 226-

1133; Marshall Industries (513) 236-8088; l(mlrlng Arrow

Eleclmmcs (513) 253-9176; Reading, Arrow Eleclromcs (513) 761-
2; Solon, Arrow Electronics (216 ' 248-3990

oxumom Tulsa, Component Specialties (918) 664-2820; Hall-
Mark/Tulsa (918) 835-8458; T Supply (918) 749-9543.

OREGON: Beaverton, Almac/Stroum Eleclmmcs (503) 641-9070;
Milwaukie, United Components (503) 653

PENNSYLVANIA: Huntington Valley, Hall-| Mark/PmIadelpma (215) 355-
7300; Pittsburgh, Arrow Electronics (412) 351-4000.

TEXAS: Austin, Comgonem Specialties (512) 837-8922; Hall-
Mark/Austin (512 837-2814; Dallas, Component Specnames (214)
357-6511; Hall-Mark/Dallas_(214) 234-7400; International Elec-
tronics, (214) 233-9323; TI Su%ﬂy (214) 238-6821; EI Paso,
International Electronics (915) 778-9761; Houston, Componenl
Specialties (713) 771-7237; Hall- Mark/Houston (713) 781-6100;
Harrison Equipment (713) 652- 4700; TI Supply (713) 776-6511.

UTAH: Salt Lake Ci Dlrlomal/Altaland (801) 486-4134; Kierulff
Electronics (801) 97

WASHINGTON: Redmond, United Components (206) 885 1985; Seat-
tle, Aimac/Stroum Electronics (206) 763-2300, Klemlﬁ Eleclromcs
(206) 575-4420; Tukwila, Arrow Electronics (206) 575-

WISCONSIN: Oak Creek, Arrow Electronics (414) 764 8600, Hall-
Mark/Milwaukee (414) 761-3000; Waukesha, Kierulff Electronics
(414) 784-8160.

CANADA: Calgary, Cam Gard Su EDH) 287-0520; Downsview,
CESCO Electronics (416) 6 dmonton, Cam Gard Su;g
(403) 426-1805; Halifax, Cam Gavd Sugply (902)454-8'
Kamloops,Cam Gard Supply (604) 372-3. Moncton, Cam G Gard
Supply (506) 855-2200; Montreal, CESCO Electronics (514) 735-
5511; Future Electronics (514% 731-7441; Ottawa, CESCO Elec-
tromcsgm 729-5118; Future Electronics (613) 820- 8313; Quebec
Cif CO Electronics (418) 587 4231; Regina, Cam Gard Sup;ly
306) 525-1317; Saskatoon, Cam Gard Supply (306) 652-6424
ronto, Future Electronics (416) 663-5563; Vancouver, Cam Gard
squCy (604) 291-1441; Future Eleclrumcs (604) 438-5545; Winni-
peg, Cam Gard Supply (204) 786-8481. S
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The fastest SK EPROM ever.
TMS2508. Available now.
From Texas Instruments.

High speed. Reprogrammability. Fam-
ily compatibility. And availability.

Just a few of the many practical rea-
sons why you should consider the new-
est member of TI's 5-V Family.
TMS2508. An 8K EPROM specifically
designed for high-speed.

For fast microprocessor systems

At 250-ns max access time, 180-ns typi-
cal, the TMS2508 is the fastest EPROM
on the market. So fast, in fact, that you
can design it in for all state-of-the-art
microprocessors and not worry about
sacrificing performance. The TMS2508
reduces wait states and virtually elimi-
nates the need for any additional wait-
state circuitry.

As a bipolar alternative

Because the TMS2508 is so fast, it also
allows you to implement many memory
applications previously served only by
bipolar PROMs. Only minor board
modifications are required to make the
switch from bipolar to MOS. (For com-
plete details see Applications Note
MM-2508.) And, unlike PROMs,
the TMS2508 can be easily and
quickly erased and reprogrammed. At
any time.
High performance

In addition, the TMS2508 offers you
such outstanding performance features
as 8-bit word configuration, automatic
chip select/power down and fully static
operation.

So, if speed is what you need, go
ahead and design with confidence. Go
ahead and specify TI’s new TMS2508.

There’s just no faster 8K EPROM
available anywhere. And even faster
versions are coming soon.

For fast delivery of fast 8K
EPROMs, call your nearest authorized
TI distributor. He has them on-the-
shelf. Priced right. Ready to move.

For free samples, write to TI on
your letterhead, briefly —
describing your proposed ant%erars
TMS2508 application. | Innovation
Write to Texas Instru- =
ments Incorporated, Dept. [7
S2508, P.O. Box 1443, M/S
6965, Houston, Texas 77001.

TEXAS INSTRUMENTS
INCORPORATED
For more information, Circle No 214

© 1980 Texas Instruments Incorporated
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Engelhard Precious Metals Technology
helps make smaller microprocessors!

The next marketing revolution is sure to be the
home computer, based on the microprocessor
“chip.” Engelhard supplies gold, silver, platinum
and palladium conductive inks, silver pastes,
Rely-Ohm® hybrid resistor inks, Zero Flow multi-
layer dielectric inks, electronic grade precious
metal powders and metallo-organic solutions for
thin-film depositions on glass and ceramic
substrates.

Engelhard offers electrical contact alloys in
every conceivable form, including sheet, strip,
ribbon, wire, rod and fabricated assemblies.
There are Engelhard contact materials that offer
high current ratings, high melting points, and
resistance to welding and arc-erosion.

Manufacturers of electric/electronic equip-
ment save money with Engelhard’s clad contact
materials, specially designed to employ precious

and base metals to effect significant economies.

Our electroplating processes and materials
are used in printed circuits, connectors, reed
switches, semi-conductors, IC’s and vacuum
tube grids.

Engelhard’s platinum clad or platinum
plated tungsten or molybdenum wire is used in
high power micro-wave tubes. Our Silvaloy™
brazing alloys include VTG filler metals.
Engelhard supplies a variety of precision minia-
ture parts for relays, switches, resistors, potenti-
ometers, semi-conductors and other devices.
And we operate sophisticated refining facilities
to recover precious metals from your scrap and
plant wastes for recycling and added profitability.

Find out how Engelhard precious metals
technology works for the electronics industry!

Write or call Engelhard today. (201) 589-5000.

ENGELHARD INDUSTRIES DIVISION
ENGELHARD MINERALS & CHEMICALS CORPORATION
2655 U. S. ROUTE 22. UNION, NEW JERSEY 07083

1098

For more information, Circle No 215




Dialight is the first place to look. We can help you do
more with LEDs. .. because we've done more with them.

Discrete LEDs come in a variety of sizes, shapes,
colors (red, yellow, green in clear or diffused), with or
without built-in resistors.

Low cost logic state fault indicators for trouble
shooting complex circuits. Designed for close density
PC board mounting.

High-brightness bi-color LEDs (red/green) suit-
able for go/no-go situations. Designed with unique

lenses for the extra visibility you’ll want for your most
critical applications.

Snap-in mounting LED indicators reduce labor
cost. Available in red, yellow or green with or without
built-in resistors.

Whatever you need in LEDs, Dialight’s probably
got it already. For your free 60-page selector guide and
listing of our nationwide
stocking distributors, con- DIA LIGI'IT

tact us today. A North American Philips Company

Dialight meets your needs.

Dialight, 203 Harrison Place, Brookiyn, N.Y. 11237 (212) 497-7600

For more information, Circle No 216
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DM-4100N
4, Digits

Low Profile Case

DM-3100L M:3100,
$50(1-9) :

Short Depth Case

Imagine quality OEM Digital Panel Meters with all these features at such low cost!

312 DIGIT DPM’S
MODEL INPUT CASE STYLE DISPLAY POWER FEATURES PRICES
DM-3100L +2V, balanced Short Depth .56" High +5 Vdc Ultra-low cost $50 (1-9)
differential LED @ .28A
LED DISPLAY DM-3100N +2V, balanced Low Profile .56" High +5 Vdc Optional off- $50 (1-9)
differential LED @ .28A set pot
DM-3100B +2V, balanced Short Depth .56" High 115/230 AC, Low cost $70 (1-9)
differential LED pin-selected AC power
DM-3100X +2V, balanced Short Depth .6" High +5V, 6mA Battery $66 (1-9)
differential Liquid Crystal or 9-15V Powered
LIQUID DM-3100U1 +2V, balanced  Low Profile 5" High +5V, 6mA Programmable  $60  (1-9)
CRYSTAL differential Liquid or 9-15V Descriptors
DISPLAY DM-3100U2 +2V, balanced Low Profile .5" High 115AC(U2) Programmable $69  (1-9)
DM-3100U3 differential Liquid Crystal 230AC(U3) Descriptors
4. DIGIT DPM’S
DM-4100L +2V, single- Short Depth .56" High +5Vdc @ .4A Low cost $88 (1-9)
ended LED's 4, digit
LED DISPLAY DM-4100N +2V, single- Low Profile .3" High +5Vdc @ .4A Low cost, $93 (1-9)
ended LED's 4Y, digit

Case Styles - Short depth Case: 1.760"H x 3.00"W x 2.150"D, cutout: 1.812" x 3.062" Substantial OEM Discounts available

Low Profile Case: 0.94"H x 2.531"W x 3.25"D, cutout: 0.97" x 2.562"

OUTSTANDING SPECS
COMMON TO ALL MODELS User-added options:
® Internal attenuators for ranges up to =1 kV

® Internal current shunts for ranges up to =2A

® Autozeroing

® Ratiometric reference to reduce drift
® 1000 Megohm input impedance

® 5 pA input bias current

11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340

Santa Ana, (714)835-2751, (L.A.) (213)933-7256  Sunnyvale, CA (408)733-2424 * Gaithersburg, MD (301)840-9490
* Houston, (713)781-8886 # Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055
e DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95 ¢ DATEL KK Tokyo 793-1031

CALL TODAY FOR YOUR FREE ENGINEERING PRODUCT HANDBOOK
For more information, Circle No 217

RDAR=EL
> JINTERSIL




New Products

MODULATOR. Model MOD503 furnish-
es up to *0.1% full-scale linearity,
accepts =10 or =100V dc inputs (100 kQ
min) and provides an ac output of 0 to 7V
rms. Output impedance equals 1() max;
outputs are short-circuit protected, and
the unit is insensitive to +10% reference
line changes. Other features include
reference input of 26V, 400 Hz (+5%)
(60-Hz units also available) and =15V at
50 mA (max) power requirement. Gain-
and zero-adjustment capability comes
standard. <$100 (OEM qty). Computer
Conversions Corp, 6 Dunton Ct, East
Northport, NY 11731. Phone (516)
261-3300. Circle No 298

DC MOTOR. Requiring no external
electronics, this 12V dc unit suits
cassette recorders, data recorders and
any other devices requiring a constant-
speed motor. Model SE34-T1M1 holds
its rated speed of 2400 rpm to within =36
rpm by means of a built-in electronic
control. Rated load is 9 g-cm; rated
current, 90 mA,; starting torque equals 80
g-cm at 10V. The 39-mm-diameter,
34.2-mm-long device weighs 120g. <$3
(OEM qty). Canon USA Inc, 10 Nevada
Dr, Lake Success, NY 11042. Phone
(516) 488-6700. Circle No 299

RECTIFIER BRIDGES. Units in the
1/1.5DB Series of DIP devices come in
current ratings of 1 and 1.5A avg, with
peak-inverse-voltage ratings of 50 to
1000V. The metal-oxide-passivated
silicon-rectifier junctions employed in the
transfer-molded epoxy units provide
high-temperature performance and
reliability said to equal that of
hermetically sealed glass devices. The
bridges withstand a 25A current surge for
up to 10 msec, and two of the units fit
end-to-end in a standard 14-pin DIP
socket. $0.45 for a typical 1A, 400V unit;

$0.50 (1k) for 1.5A version. Delivery, 4 to
6 wks ARO. Codi Semiconductor Inc,
Pollitt Dr, Fair Lawn, NJ 07410. Phone
(201) 797-3900. Circle No 300

AMP/BIAS OSCILLATOR. Model 34
audio amplifier and 100-kHz magnetic-
tape bias oscillator/buffer is a dual-
purpose module suited for general-
purpose signal processing. Features

include short-circuit-proof output, up to
1-pF output capacitive loading capability
and 20V rms output into a 1-k() load
when functioning as a 100-kHz oscillator.
Other specs include 8 to 30V (24V
nominal) power requirement, 34-dB
(x50) gain and 20-Hz to 20-kHz (=2 dB)
frequency response (0.25% THD, +18
dBm). $25. Opamp Labs Inc, 1033 N
Sycamore Ave, Los Angeles, CA 90038.
Phone (213) 934-3566. Circle No 301

EDN APRIL 20, 1980

lwesdnow® AC Power Equipment
First Again
in Programmable
AC Power!

New Model 845T Invertron Programmable Os-
cillator provides the ability to control both fre-
quency and amplitude by parallel BCD or
IEEE-488 instrument bus. Packaged as a com-
pact PWB module it can-be plugged into the
oscillator cavity of any Invertron Solid-State AC
Power Source.

The 845T Invertron Oscillator is digitally synth-
esized and crystal controlled to provide frequen-
cies from 45Hz to 9999Hz accurate to +0.005%
of programmed value. Voltage accuracies from
+0.15% to £0.25% and line and load regula-
tion of +£0.01% make this oscillator ideal for
high speed production ATE applications.

deal for ATE Applications

In applications where local manual control
and/or visual displays are required, the Model
846CM Invertron Control Module is available
and requires only 1.75" rack panel height.

For more information on these new products or
for information on the fully programmable
Model 830T, call or write Sales Manager,
California Instruments.

lvwwerdiow®

California Instruments

Division of Norlin Industries
5150 Convoy Street, San Diego, California 92111 / Telephone: (714) 279-8620

For more information, Circle No 218
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SEALECTRO

SEALECTRO]

Sealectro Booth numbers 2049, 2051, 2053.
For more information, Circle No 219
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Put your hand around A. W.
Sperry's new, super-safe Slim-
Snap™ volt-ohm-ammeter, and
experience the shape of things
to come. Beyond its sleek, trim shape there's a
totally new experience in Snap-Around test
instruments.

As the trend-setter for the 80's, the super-safe
Slim-Snap is the first Snap-Around to feature a
600 VAC rated fuse in its Ohmprobe® For tight
spots, the tear drop-shaped Easy-Probe™ jaws
fit where others can't go.

Other trend-setting features include innovative

FUTURE, NOW!

low-mass meter movement that
minimizes shock damage, range
selector switch with window dis-
play, pointer lock, internally
threaded ohm terminal, twist and lock safety
test leads, pocket size, one hand operation with
fingertip controls, convenient wrist strap, and a
shock resistant ABS plastic housing.

Get a firm grip on your test measurements now,
with the revolutionary new Slim-Snap. Call
your distributor or contact A.W. Sperry Instru-
ments Inc., 245 Marcus Blvd., Hauppauge,
New York 11787, 516-231-7050.

AW.SPERRY INSTRUMENTS INC.
The Measurable Advantage.

For more information, Circle No 220




RELIABLE DISC-POWERED
TEMPERATURE CONTROLS

"

63TM 36T
(Controls approx. 4/5 actual size)

If you have
the VOLUME,
Therm-0-Disc

has the PRICES!

If you need temperature controls for
high volume commercial applications
— and will order 1,000 or more at a
time — we can meet your require-
ments and save you money.

Our production lines are tooled to
satisfy the volume requirements of the
appliance and automotive industries.
That's why we can offer you these low
Therm-O-Disc prices.

Take advantage of our high volume
and low costs. Check the general
rating guide below, then ask us for
technical bulletins with complete
electrical ratings recognized by UL,
CSA, and International testing agen-
cies. Samples and quotations will be
supplied on request.

GENERAL RATING GUIDE (100,000 Cycles]

New Products

ICs & SEMI-
CONDUCTORS

BUBBLE MEMORY. The 256k-bit
NBM2256 chip is organized into even
and odd loops of 1024 bits each, which
are loaded through swap gates and read
via replicate gates at opposite ends of 10
storage loops. The architecture, de-
signed to store data in 256 loops and an
error-correcting code in six loops,
provides usable data storage of 262,144
bits or 32k bytes. A redundancy map is
also furnished on chip in a dedicated
map loop.

At an operating frequency of 100 kHz,
the unit has a data rate of 100k bps and
7-msec average access time to the first
bit of a random data block. Typical power
dissipation equals about 750 mW, and
the 16-pin-DIP device uses 5 and 12V
power supplies.

Until the support circuits become

available this summer, you can get the
NBS100 evaluation board containing the
256k-bit bubble memory, all drive and
support circuitry and wP-based control-
ler. The NBS101 expansion board offers
1024k bits of memory storage and
utilizes the controller from the NBS100.
NBM2256, $500; NBS100, $1300;
NBS101, $2500. National Semiconduc-
tor, 2900 Semiconductor Dr, Santa Clara,
CA 95051. Phone (408) 737-5000.
Circle No 325

COUNTER/DRIVERS. Providing 4'%-
digit capability and direct interface to
nonmultiplexed vacuum-fluorescent dis-
plays, the ICM7236 decade counter
furnishes a maximum count of 19,999;
intended for timing, the -A Model
provides a maximum count of 15,959.
Both CMOS devices include on-chip
decoders, output latches, count inhibit,
reset and leading-zero blanking circuitry,
in addition to 29 high-voltage open-drain
p-channel transistor outputs. High-
frequency counting rates are guaranteed
to 15 MHz with typical rates of 25 MHz at
5V. $4.25 (100) in 40-pin plastic
package. Intersil Inc, 10710 N Tantau
Ave, Cupertino, CA 95014. Phone (408)
996-5100. Circle No 326

Resistive | Inductive | Volts
Type | Amperes | FLA | LRA| AC

36T 13.75 5.8 | 34.8( 120

Up to

350°F 10.0 2.9 | 13.0] 240
63TM 8.5 125 VA 120
Up to Pilot Duty

500°F

THERM-O-DISC,
INCORPORATED

A Subsidiary of Emerson Electric Co.

ey 1320 South Main Street
| 5| Mansfield, Ohio 44907

Telephone 419/756-5911

IZEMIZRSON — Telex 987455

For more information, Circle No 221
312

The
Power.

Power Dynamics offers the first in a series of open-frame switching power
supplies for the OEM user. Unencumbered by past ideas and methods,
Power Dynamics offers advanced technology and conservative design to
meet today's need for higher efficiencies and reliability.

The Model PD100 is a convection-cooled 20 amp supply with a user

specified output of 2 to 48 VDC.

Features Include:

e Dual Range 115/230 VAC
Strappable Inputs

e Undegraded Performance to
50°C

e 30 msec Holdup Time

No Overshoot on Turn-On or
Turn-Off

Fully Protected Output
Designed to Meet UL 478
Two Year Warranty

The Model PD100 is in stock. Call us for your application:
(213) 767-9640, 875-1012 ¢ TWX: 910-498-4841

POWER DYNAMICS CORP.

5L

=

9421 Telfair Avenue, Sun Valley, CA 91352

For more information, Circle No 222
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No compromise solutions.

The Tektronix S-3280 is the first test
system spe-
cifically de-
signed to test
ECL, LSI de-
vices. Every
S-3280 has
high-speed
drivers, giving
you a pulse
source for
every channel. = i
Precision fixturing allows you to con-
nect the device to the tester with
minimum signal distortion. And there
are up to 64 channels of sampling for
waveform analysis, ensuring high
fidelity.

Flexibility.
Multiple pattern sources give you an
effective, flexible means of imple-
menting complex patterns. Choose

the method of pattern generation that
fits the device under test.

Compatibility
Only one language to learn. All Tek-
tronix S-3200
systems use
TEKTEST, a
test-oriented
language very |
closeto Eng- &
lish. Your test
engineers will
quickly gener-
ate, edit, and
debug device-
testing programs.

Proven performance.

Semiconductor test systems are no-
thing new to Tektronix, we've been
building them for years. In addition to
the S-3280 ECL, LSl tester, there'’s the
S-3270 for device characterization,
and the S-3250 for production testing.
Each has a 20 MHz clock rate. Our
wide variety of options allows you to
buy what you need now, and add to it
anytime.

Training.
We'll support your test engineers with

a comprehensive training program
and thorough documentation.

Worldwide support.

.,
-~

4 4
-

W &

We’re a phone call away.

To find out which S-3200 system and
options best meet your needs, call in
the U.S.: 503-645-6464. In Europe,
Africa, Middle East: (The Netherlands)
020-471146. In Japan and Far East:
(Tokyo) 03-448-4851.

Tektronix

COMMITTED TO EXCELLENCE

Another first

h

subnanosecond
testlng.

High-speed drivers.

Precision 50 ohm
fixturing.
Waveform
analysis. W make
mov:ng ;
ahead easy.

Copyright © 1980, Tektronix, Inc. All rights reserved. 848-1

fromTektronix. The
igh-speed solution for

loc




"®e|ectrocube COpPACitors
SUBMINIATURE MYLAR’

New Products

BEFORE
40 mfd, 200V

e

or call (213) 573-3300.
“TM DuPont

For more information, Circle No 223

AFTER
40 mfd, 35V

Save up to 50% of your PCB real estate
with these new subminiature 35 VDC Series
230 wrap-and-fill and epoxy case Mylar
capacitors. Choose from a wide selection
of capacitances...0.0010 to 100 mfd. Thin
is in at Electrocube...contact us at 1710
So. Del Mar Ave., San Gabriel, CA 91776;

COMMUNICATIONS IC. The F6856
communications-protocol controller pro-
vides both bit- and byte-oriented protocol
capability, including complete on-chip
Bisync protocol processing. It handles
most popular line protocols, including
SDLC, HDLC, ADCCP and DDCMP. You
can program the four 16-bit addressable
on-board registers to specify the desired
protocol. Functions provided by the
TTL-compatible, 1M-bps device include
conversion of bit-serial data to either an
8- or 16-bit parallel data stream and
conversion of transmission codes to
computer codes (normally NRZI to NRZ).
$24.50 in 40-pin plastic package; $29.90
(100) in ceramic side-brazed package.
Fairchild MOS Products Group, 101
Bernal Rd, San Jose, CA 95119. Phone
(415) 962-3816. Circle No 327

~i ARIES -

ﬁrencmownz(;v Jgggté%a
hone (201 - 1
ELECTRONICS,INC. 50254
Headers * Sockets  Jumpers, etc., For Back Panel Packaging

TOP-SLOT™PROGRAMMABLE
HEADERS and COVERS

Complete
versatility

for program-
ming within the
header itself... b
thus eliminating the need R
for costly DIP switches for many Y
applications. No parts to be removed...con-
nections simply separated. No loose parts.

op-Slot snap-on cover protects and
disconnects all adjacent pins with -
isolation barriers between each pin.
Square openings allow programming
of opposing pins with hand tool or
Arbor press.

Plain snap-on cover pro-
tects individually program-
med header. :

Aries
Aries hand Arbor
tool for f:"
low production. quantity

applications.
See other Aries products on EEM pages 1671-72-73-74.

For more information, Circle No 224

314

Microcomputer
DesignCourses

Hardware, software, systems design. You can
now learn about all aspects of microcomputers
through EDN'’s exclusive design courses.

—NEW 1979 Microcomputer Systems Reference Issue (over 400 pages) . ... $6.00
Features: EDN's 6-chapter “'Software Systems Design Course’ (a step-by-step
tutorial for a 16-bit «C disc operating system), uP Directory, .C Support Chip
Directory, «C Board Directory

—1978 Microcomputer Systems Reference Issue (420 pages)......... ..... $5.00
Features: EDN's 7-chapter “Software Systems Design Course” (a step-by-step
tutorial for a uC disc operating system). P Directory. xC Support Chip
Directory, uC Board Directory.

—1977 Micr puter Sy F Issue(314pages).............. $4.00
—Microcomputer Design Course (11 chapters, 83 pages) ................. $5.00
—EDN Software Design Course (J0pages).............c..ovveiuienannn $5.00

(Add $1.00 to each of the above for Canada)
(Add $2 00 to each of the above for non-lJSA)
Buy in combination and save even more
* Any two items—Deduct $1.00
* Any three items— Deduct $2.00 e« Any four items—Deduct $3.00
NOTE: Prices Effective April 5, 1979
Payment must be included with your order. Make checks payable to: EDN Reprints

Send to: uC Reprints /EDN Magazine/ 221 Columbus Ave./Boston, MA 02116

copies 1979 uC Systems Reference Issue—$6.00
_______ copies 1978 4C Systems Reference Issue—$5.00
_ copies 1977 .C Systems Reference Issue—$4.00
— copies «C Design Course—$5.00
____ copies EDN Software Design Course—$5.00

Please send

Total $

Check or money order must accompany each order No COD. MA residents add 5% Sales Tax

(Non-USA, add $2.00 to each item, Canada add $1.00 to each item)

Name. Title

Company

Address _
City, State

Zip Code.

EDN APRIL 20, 1980
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standard catalog items, we can tailor
the motor configuration you need —
without high costs or long delays.

Need special windings, lead lengths,
terminal ends, mounting brackets? A
certain torque at a prescribed speed?
Special gear train? Of all the precision
motors we deliver, 75% are customized.
Our sales engineers will work with you
to solve design problems or meet un-
usual application conditions.

Whether you need a stepper motor
the size of a quarter, or a brushless d.c.
motor to drive 14" rigid disks, write for
our free catalog of standard motors.
We'll show you where we start; you take
it from there. AIRPAX/North American
Philips Controls Corp., Cheshire Indus-
trial Park, Cheshire, CT 06410. Phone
(203) 272-0301.

For immediate need, Circle no 31
For reference only, Circle no 32

NORTH AMERICAN PHILIPS CONTROLS CORP. l

Cheshire Division

With a little alteration to any of our



Now, you have an even greate
choice of 15mm or 10mm Tini-
DW Multi-Switch* switches.
Like our 15mm pushbutton
with a new, unique internal
“flip-flop” mechanism. It pro-
vides color indicator panels
for instant position recogni-
tion. There’s one bright color
for the “in” position (with or
without legends), and another
for the “out” position (and/or
legend). Six colors are offered:
red, green, blue, yellow, black
and white. And, it’s an energy
saver! There is no electrical
energy, no lamp replacement,
no heat generation and no ex-
tra switching.

Our 10mm Tini-DW switches
are ideal where size is a
crucial factor. We offer a full
set of mechanical functions
and a wide choice of push-
button colors, legends and
terminals.

Of course, all Tini-DW
switches feature our exclusive
“snap-slide” switching
technique, give up to 18
stations in a row without
bowing and have full 0.5A,
125VAC or DC rating.

Applications include analog
and digital computers,

. analyzers, transmitters and
receivers, intercoms,
numerical control, ground
support systems, scientific
instruments, home enter-
tainment systems and
appliances.

When size, rugged reliability
and low cost are primary
considerations, look to
Switchcraft’for the answer.
Call Ken Kline at 312/792-2700.
Or send for New Product
Bulietin No. 349.

SV CAUWR L

5555 N. Elston Avenue,
Chicago, IL 60630

See us at Electro '80 Booth #3000/3002 For more information, Circle No 226




New Products

VHF IC. Model TDA1062, claimed the
only available monolithic integrated VHF
front end capable of operating in a 30- to
250-MHz frequency range, contains on
one chip an integrated RF amplifier,
oscillator, double-balanced mixer, AGC
preamplifier and voltage-regulating
circuitry. Applications for the 16-pin-DIP
unit include use in medium- and
high-quality communications tuners, FM
front ends and high-frequency mixers.
Specs include typical supply voltage of
10V at 30 mA, RF power gain of 30 dB,
5.5-dB noise figure and —40 to +85°C
operating-temperature range. $0.75
(OEM qty). AEG-Telefunken Corp, Rte
22-Orr Dr, Somerville, NJ 08876. Phone
(201) 722-9800. Circle No 328

45-NSEC MULTIPLIER. The MPY-8HUJ
unsigned-magnitude TTL multiplier has
on-chip input and output registers that
speed up operation, reduce system
overhead and simplify interfacing to 8-bit
wP systems. Suited to digital video-signal
processing and digital filtering, the 40-pin
ceramic DIP is a parallel-array unit that
accepts 8-bit inputs and provides a 16-bit
double-precision product. The unit
achieves a speed-power performance
index of <0.8 pJ per equivalent gate and
requires one 5V power supply. $48
(100). TRW/LSI Products, 2525 E El
Segundo Blvd, El Segundo, CA 90245.
Phone (213) 535-1831. Circle No 329

compatible, the unit uses a 5V supply
and produces the ASCII set of letters,
numbers and characters while using only
% the number of digit lines required by a
5x7 dot-matrix system. Maximum output
current is 64 mA per segment, allowing
one device with the addition of external
multiplexing circuitry to drive up to
16-digit displays without external
segment buffers. AC5947N, in a
0.6-in.-wide package with 0.1-in. pin

spacing, $3.76; AC5974NF, in a
0.4-in.-wide package with 0.07-in. pin
spacing, $2.93 (100). Texas Instru-
ments Inc, M/S 308, Dallas, TX 75265.
Phone (214) 238-2011. Circle No 330

JOB SHOPPING?

Check EDN’s Career Opportunities
EDN: Everything Designers Need

DISPLAY DRIVER. For 18-segment
alphanumeric displays, Model AC5947
features on-chip latches for the ASCII
input data and output enable for display
blanking and duty-cycle dimming. TTL

EDN APRIL 20, 1980

DESIGNING
A SYSTEM
THAT REQUIRES
A PRINTER?

Think Fixed Head Thermal
Mechanical printers? They're too noisy, too expensive,
they cost too much to maintain. And they're not nearly as
reliable as GULTON'S fixed head thermal printers with only
one moving part, no ink system, ribbon mechanism, hammer
or movin% head problems. No RFI, either. And we make our

own print

eads for added reliability.

Whatever your requirements . . . numeric, alphanumeric or
printer/plotter, GULTON printers interface easily with your
microprocessor or BCD data sources.

So, if you're designing a system that requires a printer,
think fixed head thermal . . . think GULTON.

Also from GULTON: O.E.M. Recorders; Techni-rite Oscillographic
Chart Recorders; Rustrak Trend and Event Recorders and West

Temperature Controls.

~ Measurement & Control Systems Division
Guiton Industries Inc., East Greenwich

TE T F
THERAL

198 LliiS/HlW‘{i

For more information, Circle No 227
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For expert help
on improving
telecommunications

equipment, call Camcar.

'g COSt
engineered fasteners, just pick up
your telecommunicator and call
815/226-7721.

(LTI TEXTRON

Camcar Division of Textron Inc.

600 Eighteenth Avenue
Rockford, lllinois 61101

serves as an essential and durable working part
in push button multi-line telephones.

Taptite® is a registered trademark of Research Engineering and Manufacturing.

e >,
R
RS
RN
AR
R
ORISR
RIS
RN

WEnRpeRERREERbRERNE |

F

This Taptite® high performance

thread forming fastener is so
reliable it is in service in
satellites that support America’s
Satellite Communications System.

Two beveled captive washers on a
slotted steel screw form this Camcar
Spade-Sert® for easy quick
connections in walljack assemblies.

Camcar
doesn't sell
‘‘'specials”
where standards
will do just as
well. An example
is this standard
thread cutting screw
used in Central Office
switching equipment.

Spade-Sert® and Shapes that fasten and save® are registered trademarks of Camcar Division of Textron Inc.

' For more information, Circle No 228



Literature

Extensive information on 3-digit “displayless DPM" and a
digital panel instruments true-rms/dB meter to 4%:-digit instru-

; ; - : ments and 6-channel, automatic-
The extensive designer's-guide tutorial

aeiiion of this oatal tains ti scanning temperature meters. The
9. GRS FOMPNE B 1) catalog also details temperature probes,
how to select digital panel instruments

: ol low-level signal conditioners and power
and provides successful application

; . : supplies—and includes a selection
information. Along with definitions, the checklist. Analog Devices, Rte 1

100 .p.gs inc{ude full data sheets Industrial Park, Norwood, MA 02062.
describing 20 digital panel meters from a Circle No 305

Measurement technique
analyzes power supplies

A comprehensive applications bulletin

examines a new technique for analyzing
power-supply system performance
under field conditions, using impulse-

strength measurements. The 8 pages With a 30 Year Track Record
are fully illustrated with block diagrams, RUSTRAK miniature, pressure writing, trend recorders have
graphs and instrument printouts and been used for more than 3 decades in all types of applications:
focus on methods of line-disturbance . ;ean?eralt_‘ure " . D'issolved Oxygen .+ \S/_tlr)air}
monitoring—the ability to measure, * Relative Humidity’ = p * Vibraton .
: : « Light Intensit » Pressure « Refrigeration/Air Con-
record and analyze an impulse in terms - WindVelocty  + Radiation Intensity _ditioring
of its volt-second strength, its polarity « Wind Direction « Sound Level + AC Voltage, Current and
and its direction. Two applications— « Air Pollutants + Conductivity ~  Power Consumption
computing a pulse’s destructive power - Efficiency Monitoring
and computing impulse propagation and many others. You can depend on 24 hour a day unat-
through a filter—are described in the tsn'ded OF?S'Sa'}'igr/l\?r a month or more without changing paper.
i i _ ely on ;

?;%?,:fs'xl'ngnggt; Segﬁ::: 'Zr\:g 'éil:t)h Also from GULTON: Techni-rite Oscillographic Chart Recorders;

s ’ 2 1 O.E.M. Recorders; WEST Temperature Controls; and Fixed Head
Plainfield, NJ 07080.  Circle No 303 Thermal Printers.

rustrak I I | .gultnn“‘

Measurement & Control Systems Division
Gulton Industries Inc., East Greenwich. Rhode Island 02818
401-884-6800 ® TWX 710-387-1500

TEMPERATURE-EMF TABLES
FOR THERMOCOUPLES

Temperature-EMF
tables for thermocouples

An 18-pg booklet includes the full ANSI
revised standard tables for all standard
thermocouple element/wire combina-
tions. It presents all temperature-EMF
tables in both °F and °C; current
temperature-EMF tables for three widely
used W/Re thermocouples complete the
brochure. Nanmac Corp, 9-11 Mayhew
St, Framingham Center, MA 01701.
Circle No 304

For more information, Circle No 229
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monolithics
library

\

We wrote the book on eliminating

noise and interference and IM!

The leading characters are our

monolithic crystal filters — over60 WE WROTE THE BOOK.

off—the-sh?alf models at 10{‘ and 21.4

MHz — plus supporting characters

from 5 to 180 MHz. The plot is e
simple . .. meet your toughest filter

requirements for the lowest

possible cost. Write for a review.

2525 Shader Rd., Orlando, FL 32804

The standard in monolithic crystal filters. (305) 298-2000

Literature

Plezo Technology Inc.

W ACCORACY AN PR RTINS

THE AAOHTON 124D UBUULATION WETER

How to interpret displayed
AM/FM modulation data

App Note No 19 covers high-accuracy
AM/FM measurements using this
company’'s Model 82AD modulation
meter. Topics in the 27-pg brochure
include the effects of noise and spurious
responses, AM detector linearity and
envelope distortion and FM. detector
linearity and carrier shift on overall
measurement accuracy. Boonton Elec-

tronics Corp, Rte 287 at Smith Rd,

For more information, Circle No 230

Parsippany, NJ 07054. Circle No 306

Cadillac quality... Ford prices

immediate Delivery ¢ OEM Discounts

warranty.
* UL 478.
* Barrier terminals.
* Socketed I.C.’s & Semi’s.

For complete details on our Value Line’,
send for bulletin 137.

N

Wissahickon Avenue « North Wales, PA 19454
Tel: 215/699-9261 Twx: 510/661-8061

Model VQ5-3C

AC 32

For more information, Circle No 231
320

CKETASG
TERMINAL

Here's $395 worth of convenience for anyone
working with digital systems. Carry it

anywhere in a pocket, valise or toolkit to enter
and retrieve data. run diagnostics, change
constants, test aata links, etc.

PO

Look at its facilities:

@ Transmits 128
ASCIl codes
" @Can display last 30
characters received
@®Displays full
. 64-character ASCII
set on clear 16-
segment LEDs
®25-line RS232/c
compatible interface
@Single 5V supply
required at 400mA
typical
@ 110 or 300 baud
transmission selectabile
~ @Parity codes, stop bits
settable to your standard
@®Obeys bell, cursor and
data format control codes
Phone or write us for more details
GR ELECTRONICS"
~ 1640 Fifth Street,
- Santa Monica, CA 90401
s Telephone: (213) 395-4774.
<" " Telex: 65-2337 (BT Smedley SNM). @

For more information, Circle No 232
EDN APRIL 20, 1980



GAVBION.
THE RIGHT

...over 23,000 different, useful electro-
mechanical components including SOCKETS: low /¥ | 1RL R A2
profile sockets, standard profile sockets, 6 to 64 o R R T T
pin sockets, soldertab sockets, wire- wrappable
sockets, tin-plated sockets, gold-plated sockets
.and CONNECT OR IACKS press mount jacks, —

solder mount jacks, swage mount jacks, thread mount ]acks combmatlon pin )acks
and IC PACKAGING: Cambi-Cards*, loaded socket cards, card files, power planes,
frames, trays . ..and TERMINALS: solder terminals, wire wrapost termmals insulated
F == terminals. . . and HARDWARE: standoffs, battery holders, component

i Y clips, handles. . . and COILS: shielded coils, unshielded coils, fixed
c01ls variable c01ls custom coils, chokes. ..and CONNECTOR PINS

.and CONNECTOR ASSEMBLIES. .. and. .. and...and...and..

& YGet all the right connections in Cambion’s Catalogs 800 and 121 — the nght
S @ sources to implement your circuit design and purchasing plans!

o"‘ i

Yot Joile)
The Right Connection.

Cambridge Thermionic Corp., 445 Concord Ave., Cambridge, MA 02238. Tel: (617) 491-5400. Telex: 92-1480. TWX: (710) 320-6399.
New York State (201) 529-1030 Baltimore/Washington (703) 941-5470 Los Angeles (213) 326-7822
San Fraricisco (408) 371-0585 Ontario (416) 671-1588 England 0433 20831
For more information, Circle No 233 Visit Cambion at Electro 80 Booth #2028

EDN APRIL 20, 1980 321



...the easy way in.

Electro/80 is the East’s largest high-technology electronics convention and exhibition. Three days of
hands-on demonstrations of new products and systems, and exploration of leading-edge technology in
an embodiment of the Electro/80 theme: ‘‘Electronics Leads the Way.”

Save time and money by registering in advance. Complete the registration form below and mail it,
together with a check for $4 if you are an |IEEE or ERA member, $9 if you are not, before April 18.
You'll receive an embossed admission badge before Electro opens, May 13, entitling you to speedy
entrance into Electro.

The pre-registration price is $1 less than at-the-door admission.

Mail the registration form today to: Electro/80, 999 North Sepulveda Boulevard, El Segundo, CA 90245.

May 13-15, 1980

Clip and Mail @ Today ’l,’Electro/ Boston, Mass.

T 0 O S O T O S A A e O
ADVANCE REGISTRATION FORM [CIRCLE ONE LETTER IN EACH BLOCK

§ 9o/ Electro 50 plsress mpgs | T

z
Design/spec:tying engineer
$4 |[EEE/ERA Members; |2 g e e
l Electronic Show and Convention $9 N. b 5 Engineering/manufacturing technician
3"5":2‘:‘5)'"199583”‘1""““'" Mail to: Electro, P.O. Box 92275, |2 Engineering services

l Ry 0=y Los Angeles, CA 90009 |5 Sales/Marketing

Please PRINT as you want shown on badge. Orders filled until April 18. |Q Purchasing/Procurement
I Form must be completed for registration Educalor Bhudent

Name
I Active components

e [ (o | VR RN W) I LN (I 1N SR % T S S i Y Pl €5 Passive components

FIRST OR INITIALS LAST Hardware

Position Telephone (oPTIONAL) Tools & production equipment
ll . | B A Y R ) R 1 (9 ) i 0|l S e 5 1 R v 1 R Computers

AREA CODE NUMBER Computer peripherals

I Company/Organization

lI [ VIWTUPSR T 0 T O Y (O Y S N 5% 6 | Ve P A O A P ] I 1 L)
Address: Bus.or Home
QEIRS O PSR e ] ) [ f o el M N0} sl aafendcs off SO1ES DY TR o IR
City, State, Zip Code

T T T NI W (R 0 Y P Py M 0 e (S oty T P R
l PERSONS UNDER 18 YEARS OF AGE NOT ADMITTED s s

N R N T e N T S N BN B EE D R B S O O DR D
Sponsored by Central New England Council and METSAC Section, IEEE 0 and New England and New York Chapters, ERA e,a

Control systems & components

Electro-optical components

AREA OF MAIN PRODUCT INTEREST
<(c|4|o|dlo|(v|o|Z|B|r|X|«|(~-(X|O|mm O0|®

Enclosures

Instruments, indicating

Instruments, control

Mechanical components

Microwave components & systems

Power sources

Wire, cable & connectors




For more information and a brochure
on our complete line of power
\ switching transistors and fast recovery
X rectifiers, contact your local
X representative or the Marketing
Department, Thomson-CSF

FAST RECOVERY : e
TRANSISTORS RECTIFIERS Semiconductor Division.
BUX BXY
BUV BYW
2N 1N
(@) 1— 60A
ks e 100A VRRM 50— 1000V

VCEO (sus) 60— 700V VF/lO 085— 15V

trr (us) 05— 5

4

/
/ /‘
‘

—L-“_l
Motor Control
Choppers
Static Switches
Converters
Inverters

THOMSON-CSF
THOMSON-CSF COMPONENTS CORPORATION
SEMICONDUCTOR DIVISION

6660 VARIEL AVE., CANOGA PARK. CA 91303 » (213) 887-1010
TELEX 69-8481 « TWX 910-494-1954

For more information, Circle No 235

Microcomputer
DesignCourses

Hardware, software, sysiems design. You can
now learn about all aspects of microcomputers
through EDINY’s exclusive design courses.

—NEW 1979 Microcomputer Systems Reference Issue (over 400 pages) .. .. $6.00
Features: EDN's 6-chapter “Software Systems Design Course" (a step-by-step
tutorial for a 16-bit »C disc operating system). uP Directory. xC Support Chip
Directory, »C Board Directory

— 1978 Microcomputer Systems Reference Issue (420 pages). . ....... ..... $5.00
Features: EDN's 7-chapter “Software Systems Design Course" (a step-by-step
tutorial for a uC disc operating system). uP Directory, uC Support Chip
Directory, uC Board Directory

—1977 Microcomputer Systems Reference Issue (314 pages). .............

—Microcomputer Design Course (11 chapters, 83 pages) . . ..

—EDN Software Design Course (30 pages).............cooueinieinnsnnnn

Add $1.00 to each of the above for Canada)
Add $2.00 to each of the above for non-!JSA)
Buy in combination and save even more
* Any two items— Deduct $1.00
* Ary three items—Deduct $2.00 e« Any four items—Deduct $3.00
NOTE: Prices Effective April 5, 1979
Payment must be included with your order. Make checks payable to: EDN Reprints

Send to' «C Reprints/EDN Magazine/ 221 Columbus Ave./Boston, MA 02116

copies 1979 uC Systems Reference Issue—$6.00
_ copies 1978 xC Systems Reference Issue—$5.00

copies 1977 .C Systems Reference Issue—$4.00

copies «C Design Course—$5.00

copies EDN Software Design Course—$5.00

Please send

Total $ (Non-USA, add $2 00 to each item, Canada add $1.00 to each item)

Check or money order must accompany each order No COD. MA residents add 5% Sales Tax

Name_ Title -

Company

Address

City. e L State _ > ___Zip Code

EDN APRIL 20, 1980

CAMBION'S

Cambion’s low profile sockets
feature inverted contact design,
dual face wipe contacts, Kapton®
coverage for antiwicking protection,
and wide-area contact openings for
easy IC insertion. Available in a wide
1 inge of 8- to 64-pin position sizes,
sume socket models also provide beneficial center space
to carry an electrolytic capacitor. Get very useful low-
profile socket low-down in our Catalog 121, and get evalu-
ation samples from Your Cambion Connection at over 100
e distributor locations! Cambridge Thermionic
=% Corp., 445 Concord Avenue, Cambridge,
g;’l; MA 02238, Tel: (617) 491-5400, Telex: 92-1480,
e , TWX: (710) 320-63%9.

S
Visit Cambion

Yol J=ile)
at Electro '20 1€ nght Connection.

Booth jf 2028

For more information, Circle No 236
323



AN AD-MU MAGNETIC SHIELD IN A
GLASS BOTTLE??? Yes, Ad-Vance is often
asked to do the tougnh/unusual in mag-
netic shielaing. But no one has wanted a
shield inside a bottle—yet! Bring your
magnetic shielding problems to Ad-Vance’s

COMPUTER AIDED CIRCUIT ANALYSIS

A p lable which performs nonlinear

circuit anal I using DEC PDP-11 com-

puters. MINICAP is a FORTRAN program which was developed

especially for minicomputer use. MINICAP allows simulation and

| of d and d circuits resistors,

capacitors, inductors, voltage sources, current sources, diodes,

and op | amplifiers. Ci -aided circuit

allows the desi greater flexibility in evaluating circuit

operation and performance when varying topology, component
values, or temperature.

MINICAP contains complete built-in models for diodes, transistors
and operational amplifiers. The user need only specify parameters
which are necessary to customize the device model to match a
specific real device. MINICAP also allows modeling of batteries
and zener diodes.

The program uses efficient sparse matrix techniques and an
automatic time-step integration algorithm suited to small com-
puters.

Circuit data is input in a concise, easy to learn free format. Provi-
sion is made for specifying simulation at many different
temperatures and for specifying different types of output.
MINICAP produces printed tabular outputs as well as line printer
plots. A complete “snapshot” of the circuit operating conditions
can also be obtained at specific ti A

MINICAP runs overlaid in 25k words of memory on any DEC

SINGLE BOARD COMPUTER $99.50 with 6800 M
6850 serial 1/0, 2 6820 parallel 1/0 (32 lindg
512 RAM, socket for 2708, 2716, EROM. Interf
modules for industrial control, data acquisiti
lab instrumentation, on 44 pin 4%2” x 61.” PCH

RAM, ROM, CMOS RAM/battery, A/D, D
Driver/Sensor, Serial 1/0, Parallel 1/0, Count
Timer, |EEE 488 GPIB, floppy controller. *O|
(500 piece) price WINTEK Corp.—Phone (317)
8428 1801 South Street, Lafayette, IN 47904

Problem Solving Magnetic Shielding Spe-
cialists. Request 48-page Reference Data/
Catalog. AD-VANCE MAGNETICS, INC.,
625 Monroe St., Rochester, In. 46975, (219)
223-3158.

PDP-11 (including LSI-11) under RT-11 or equivalent.
A linear AC analysis and lation prog is also
Gary Gaugler, El ics C 1

5706 Seascape Court, Citrus Heights, CA 95610
(916) 966-8076 or 966-7776

For more information, Circle No 237 For more information, Circle No 238

For more information, Circle No 239

Literature

diagrams and graphs. TRW Power
Semiconductors, 14520 Aviation Bivd,
Lawndale, CA 90260.INQUIRE DIRECT

Voice-readout systems
have no moving parts

Design and operational specs for an
entire line of telecommunications and
voice-readout systems are included in
this 12-pg catalog. It contains a
descriptive and technical section explain-
ing the capabilities of and applications for
the seven products; functional and timing
diagrams accompany each product
photo. Master Specialties Co, 1640
Monrovia, Costa Mesa, CA 92627.
Circle No 307

394-pg catalog
describes power semis

The “1980 Data Book” contains specs
for more than 1200 power switching
transistors, rectifiers, zener diodes and
varactors. The handbook comprises
eight parts: introductory material; quick
reference sections on transistors,
rectifiers, zeners, Varicap varactors,
high-reliability products and special
products; and 20 application notes. The
latter section covers 113 pages and is
illustrated with photos, drawings,

Results of CP/M-based
software survey

A survey directory claims that CP/M-
software-based micros may be the best
supported computers in the world. It
contains a general section on topics such
as classification, description, price and
number of software packages sold as

SOLID STATE
ANGULAR
RATE SENSORS

Single axis, two axis, and three axis
models, operate on less than 3.0 watts
per axis, unlimited altitude, 10,000 hour
life, accuracies of 1.0 percent. Instant
startup, withstand 100 G shock, 10 G

SAMPLE LED LIGHTS
Get free samples of new Super-Brite LED

indicator lights from Industrial Devices, DG-TO.5C ‘CONVERTERS FOR DISPLAY PO8

vibration. Rate ranges from 50°/sec to
3000°/sec. Bandwidth .002 Hz to
10-50 Hz depending on rate range.

Humphrey ...

Humphrey, Inc.,
9212 Balboa Ave., San Diego, CA92123.
Tel.(714) 565-6631.

For more information, Circle No 240

Inc., Edgewater, N. J. 07020. Red, green,
yellow, 100,000-hr. life. Low ac or dc
power-drain, high reliability, shock-re-
sistant. Fit %4¢” holes. Hemispheric or flat-
top. Ideal for solid-state and battery. Off-
the-shelf for 6, 12, 24 volts.

CALL TOLL FREE 800-526-0488

For more information, Circle No 241

SOURCES. Series 200Z converters change I
voltage d-c inputs to higher voltage d-c outpt
For use in cash registers and scales, time-keep
devices, automotive instrumentation, etc. Types

powering liquid-crystal displays and light-emitt
diodes, for gas plasma digital display to 0.4” hi
and for larger readouts to 0.7” high. Write

Bulletin 41510B to Sprague Electric Co., 491 M
shall St., North Adams, Mass. 01247. (413) 664-44

For more information, Circle No 242



MORE THAN
JUSTA LOT OF

HOT AIR!

True environmental testing is much
more than just creating a lot of
hot air. It's testing product per-
formance under the accurately
simulated and controlled condi-
tions of high and low temperature
optionally com-  Benchtop Series
bined with humidity, altitude,
pressure or vibration.
For 48 years — far longer than
anyone else in the industry —
we've been designing and manu-
Tenney Serles facturing s
equipment that simulates these
conditions in a test chamber.
Our wide selection of mass-pro-
duced standard chambers satis-
fies just about any size and
¢ perform ance Tenneyzphere Series
need. We'll also custom-build
your equipment to meet special
test requirements.
In addition, we offer a whole
range of sophisticated features
Thermal Shock Serles  SUCh as
automatic programming, logic
module control, digital indi-
cating, thermal protection,
automatic humidity dialing and
many others that provide en-
e hanced AGREE Series
performance, ease-of-opera-
tion and safety.
So,whatever your test require-
ments, from simple tempera-
* ture programs to the complex
Wakk-in Room Series combined-condition tests of
the 1980’s, we offer more of what you need in ex-
perience, in scope and in sophistication.

e BURN-IN e THERMAL CYCLING
e THERMAL SHOCK < ALTITUDE
e AGREE < AUTOCLAVE e BATHS

THE LARGEST AND MOST EXPERIENCED MANUFACTURER OF ENVIRONMENTAL EQUIPMENT

ENGINEERING, INC. 9

=% 1090 Springfield Rd..Union, NJ 07083
(201)686-7870 o (212)962-0332

Visit our booth # 1112 at Electro/80 May 13-15
For more information, Circle No 249 ;A\%‘f(:are w For moreé 325




MINI SSRs are %2 THE SIZE/WEIGHT. Providing all
the high performance benefits of the ‘‘older-
generation’” bulky types, Guardian’s MSSR/TSSR
SSR Series save 50% on board ‘“‘real estate’ and
wht. They're mounting-hole interchangeable. The
stud-terminal MSSR comes in 5 and 10A rms, while
the TSSR—with push-on terminals—is available in
25, 10, 20 & 30A rms. 3 DC inputs—resistive,
constant current for TTL/CMOS circuits & micro-
processor compatible. 20-140VAC or 40-280VAC
outputs. Synchronous switching for reduced RFI.
RC network for dv/dt protection. Get details from
GUARDIAN CALIFORNIA, 4030 W. Spencer St.,
Torrance, CA 90503. 213-542-8651.

For more information, Circle No 243

—7

FREE SAMPLE

RECTIFIER BRIDGES

For more information, Circle No 244

S o ofbridgus. .

RENT
THIS
SPACE

EDN 1/9-page ads feature:
* Color border highlighting
¢ Always next to editorial
* Rate: $400 per insertion

¢ Reaches over
100,000 engineers

For details contact:

Donna DiChiara
EDN

221 Columbus Ave.
Boston, MA 02116

For more information, Circle No 245

Literature

well as a configuration section that
covers memory, disc, terminal and
printer requirements. $2 (or $1 with a
self-addressed stamped envelope). The
Small Systems Group, Box 5429, Santa
Monica, CA 90405. INQUIRE DIRECT

The pros and cons of
thick-film trimming

The “Primer on Thick-Film Trimming
Principles” covers the basic objectives in
resistor trimming and the factors that
affect trim stability. The 16-pg brochure

gives guidelines for increasing yields and
discusses the major principles of laser
trimming such as controlling the laser
beams and determining Q rate and bite
size. In addition, the catalog describes
the various types of cuts: straight cuts, L
cuts, L cuts with vernier cut, double cuts,
double-reverse cuts, serpentine cuts and
scan cuts. Diagrams and recommenda-
tions for usage accompany the
description of each type of cut. Teradyne
Inc, 183 Essex St, Boston, MA 02111.

Circle No 308

Courses on linear ICs,
pPs, nC modules
Publication No 83018 describes the
company'’s facilities and courses offered
from now to June. The 16-pg bulletin
discusses the capabilities and purpose of
the center where the courses are held; it
also provides a detailed list of the
available courses, including length and
cost. Texas Instruments Inc, Technolo-
gy Center, 515 W Algonquin Rd,
Arlington Heights, IL 60005.

Circle No 309

DAS 7000, A UNIQUE SOLUTION TO HIGH
SPEED A/D CONVERSION where input
amplitude cannot be predicted in advance.
The 7000 series can switch channels,
determine gain range, perform a 15 bit
A/D conversion in less than usec. Five
models with thruput rates from 10 KHz to
50 KHz. A 14 bit data word is combined
with 2 bits of range data for a 16 bit out-
put word. 8 to 128 differential channels
available. PHOENIX DATA, INC., 3384 W.
Osborn, Phoenix, AZ 85017. PH 602/278-
8528.

For more information, Circle No 246

MINIATURE FILTERS for Highpass, Low-
pass, Bandpass and Band Reject signal
conditioning applications are described in
the New Catalog. Flat passbands and
sharp cut-offs are featured. Any frequency
from 3Hertz to 300 Megahertz may be
specified. These Filters are used in bio-
medical, radar, analysis, modem, anti-
aliasing, telemetry, sonar, seismic, control
and many otnher electronic systems to
eliminate noise and harmonics without
signal distortion. Many types are available
from stock. T T Electronics, Inc., 2212
Barry Ave., Los Angeles, CA 90064, (213)
478-8224.

For more information, Circle No 247

People
of allages die of
heartdisease
and stroke.

American
Heart

’ Association
WE'RE FIGHTING FOR YOUR LIFE

For more information, Circle No 248




The Added
Touch for your
System.

Carroll’s Touch Input System Kit.

For the designer who wants to ex-
periment with touch input at a mini-
mum cost, Carroll’s Touch Input System
Kit offers a simple, economical method.

The Touch Input System Kit is produced for
standard CRT monitor sizes. Easily installed, the
system provides a man/machine interaction that is
natural, friendly, fast and accurate.

Carroll’s Touch Input System utilizes the scan-
ning infrared beam technology which is im-
plemented by surrounding the display area with
LED emitters and phototransistor detectors in
such a way as to produce a grid of infrared light
beams. Whenever both an X and Y beam have
been detected as broken, the coordinate informa-
tion is transmitted to the host computer.

Carroll, the leader in touch technology, has
been designing and manufacturing touch systems
since 1974. This experience is the basis for a hand-
book, Touch Technology, available on request. It
explains in detail the theory of operation, design
and programming considerations, and much more
about Carroll’s systems.

Clip and return the coupon below to find out
how you can add the benefits of touch technology
to your system.

CARROLL’S TOUCH INPUT
SYSTEM KIT For versatility, for
reliability, for simplicity — no other
system can touch it.

1212 Hagan Street
Carroll a» ______ Champaign, lllinois 61820
(217) 351-1700

Please send me:
[ A copy of Touch Technology.
[] Detailed information and specifications on the Touch Input
System Kits.
Information on other Carroll products:
[J Datamedia Touch Terminal
[J Hewlett Packard Touch Terminal
] Commodore PET Touch System
Please call me to discuss placing an order.

NAME
COMPANY ADDRESS
APPLICATION AREA

R A A A S Y W 1 i

e o e o o m —— —

For more information, Circle No 208
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N CAREER OPPORTUNITIES
RECRUITMENT ADVERTISING
Rates 7-Ddy Closing (Prior to Issue Mailing Date)
$60 per column inch. Column width Issue Date Maililng Date Closing Date

1% " x 10”. (4-col /
Full page: 85,400 (1x B ) May 20, 1980 May 7 April 28

\ y June 5, 1980 May 21 May 12
Circulation ‘ June 20, 1980 June 9 May 29

Over 105,000 engineers and engi-
neering managers in all segments July 20, 1980 July 9 June 30

of the electronics industry.

Recruitment Hot Line Telecopier Number Mail Film to
Lynn George,

(203) 327- (203) Recruitment Advertising Manager

CAHNERS PUBLISHING CO.

67 72 / 6746 324-9436 1200 Summer St.

Stamford, Ct. 06905

Call your ad in— Send the copy by Fax—
we’ll set the type at no charge. we’ll do the rest.

West Coast contact:

Diane Smith Daou,

Western Regional Manager
CAHNERS PUBLISHING CO.
5670 Wilshire Blvd.

Los Ange'es, Ca. 90036
(213) 933-9525

GREATER TEXAS POSITIONS
Engineering and related man-
agement openings throughout
the Southwest. Top clients pay-
ing all fees and relocation ex-
penses. Send resume in confi-
dence to: Alan Mylar,
KEY SEARCH
P. O. Box 38271
Dallas, TX 75238

If you currently
earn between
$22,000 and $48,000
we've got a better
job for you...NOW!

Every day you spend in the wrong job is a waste of time,
money and talent...YOURS! Your talents and experience are
in great demand and you can choose among many
rewarding opportunities available in your field. But how?

Talk to the experts at Wallach. We've been successfully
recruiting professionals like yourself for over 15 years.
Nationwide opportunities include technical/management
consulting, project management, R&D, test and systems
evaluation in the fields of Communications, Satellites,

] SEARCH NORTHWEST, INC.

A Professional Recruiting Agency

620 S.W. 5th—Suite 825

PORTLAND, OREGON 97204

(503) 222-6461
PERSONNEL RECRUITING FOR THE

ELECTRONICS INDUSTRY

SALARIES FROM $15,000 to $60,000
CAREER POSITIONS AVAILABLE IN:

Weapons, Intelligence, Computer, Energy, and Aerospace (E;,fs,e ri,:,,gf = -ﬁgi‘igg‘mg” %

systems. Specific skill areas include: *Engineering *Project Mngt/Engr
*R & D *Mfg/Production

o Minicomputers « Radar Systems *Design Engineer *Sales-Marketing

e Microprocessors e Communication Systems FOR c?:::’;:s‘r ,‘RUZ ORNESSIII;“E“:ATION

o Software development e EW/SIGINT/ELINT OR PHONE: :

e Signal processing * Microwave Systems KEITH NYMAN (503) 222-6461

» Digital systems « Electromagnetics OUR SEARCH FEES ARE EXCLUSIVELY

e Command & Control o Fire Control Systems EMPLOYER PAID

Don't waste another day in
the wrong job! Call Robert
Beach collect at (301)
762-1100 or send your
resume in confidence. We
can find you a better job. Let
us prove it to you...NOW!

WALLACH...Your career
connection

Equal Opportunity Employer Agcy.

WALLACH

associates, iNnc.

1010 Rockville Pike
Box 6016

Rockville, Maryland 20852
(301) 762-1100

ELECTRONIC CAREERS

Immediate nationwide design, test & pack-
aging positions in electronics, aerospace,
communications, instrumentation & applica-
tion technology. For immediate confidential
response call or send resume w/salary his-
tory to Glenn English, President, GLENN
ENGLISH AGENCY, 7840 Mission Center
Court, San Diego, CA 92108 (714) 291-9220.
All fees paid.
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doesnt turn you on, our

technology will.

Look beyond our name to the technologies we’re We’ll furnish every tool, every opportunity, and
involved with — that you can become involved every incentive for professional growth and

with — at Hughes Radar Systems Group. advancement.
You'll discover that we're at the cutting edge of elec- With a backlog of over 42 billion dollars and
tronics, producing advanced more than 1500 varied projects in the works, our

radar systems for the air-
craft of today, tomorrow,
and on into the future.

Our systems are so ad-
vanced, we even have

to design and produce
our own special equip-
ment to manufacture and
test them.

We use both computer-
aided design and com-
puter-aided manufactur-
ing, and we employ
some of the most ad-
vanced component fabri-
cation processes you'll
find. Anywhere.

What about the tech-
nologies and processes
of tomorrow? That’s why
we need you — and your
imagination.

EDN APRIL 20, 1980

needs are many and
cover most disciplines
—from electronics to
mechanical to computer
professionals. Whatever
your specialty, we prob-
ably have the right spot
for you.

Send your resume now
to Hughes Aircraft Com-
pany, Radar Systems
Group, Dept. NDE-4B,
P.O. Box 92426, Los
Angeles, CA 90009.

Hughes is an equal op-
portunity employer
m/flh. U.S. citizenship
required.

- / "'/(.J w Do You ‘Sf elf

HUGHES AIRCRAFT COMPANY

329



Microcom r
DesignCourses

Hardware, software, systems design. You can
now learn about all aspects of microcomputers
through EDN’s exclusive design courses.

—NEW 1979 Microcomputer Systems Reference Issue (over 400 pages) . . .. $6.00
Features: EDN's 6-chapter “Software Systems Design Course" (a step-by-step
tutorial for a 16-bit uC disc operating system). xP Directory, xC Support Chip
Directory, xC Board Directory

—1978 Microcomputer Systems Reference Issue (420 pages). . ....... ..... $5.00
Features: EDN's 7-chapter “Software Systems Design Course” (a step-by-step
tutorial for a »C disc operating system). uP Directory, xC Support Chip
Directory, uC Board Directory

—1977 Microcomputer Systems Reference Issue (314 pages).............. $4.00
—Microcomputer Design Course (11 chapters,83pages) ................. $5.00
—EDN Software Design Course (30 pages). ............ocuoeueiienenannes $5.00

(Add $1.00 to each of the above for Canada)
(Add $2.00 to each of the above for non-UUSA)
Buy in combination and save even more
* Any two items—Deduct $1.00
* Ary three items—Deduct $2.00  Any four items—Deduct $3.00
NOTE: Prices Effective April 5, 1979
Payment must be included with your order. Make checks payable to: EDN Reprints

Send to' «C Reprints/EDN Magazine/ 221 Columbus Ave./Boston, MA 02116

Pleasesend: __ copies 1979 uC Systems Reference Issue—$6.00
] copies 1978 .C Systems Reference Issue—$5.00
_______ copies 1977 .C Systems Reference Issue—$4.00
. copies «C Design Course—$5.00
______ copies EDN Software Design Course—$5.00

Total $_ (Non-USA. add $2 00 to each item, Canada add $1.00 to each item)
Check or money order must accompany each order No COD. MA residents add 5% Sales Tax

Name. Title.

Company
Address__
City. State ____ Zip Code

330

ELECTRONICS MANUFACTURING SUPPORT

Our company designs, develops and manufactures high technology point-to-
point “LIMITED QUANTITY” communications equipment and systems for a
broad spectrum of industrial and government markets.

We are a rapidly growing division of Harris Corporaton with over 3,000
employees ideally situated in Melbourne, one of Florida’s major centers for
growth.

ASSISTANT PROGRAM MANAGER

Prefer management experience as a program manager, product line manager or
sub-task manager. Ability to plan, organize, implement and control all contributing
divisional groups. Familiar with manufacturing technology and support activities
for high technology electronic systems.

TEST ENGINEERS

Requires BSEE with experience in checkout and trouble-shooting of sophisticated
electronic systems. Will be responsible for learning system and STE theory of
operation to provide guidance and assistance to test technicians. This position
requires an engineer dedicated to the task of providing timely and accurate test
techniques on long range programs.

QUALITY ASSURANCE ENGINEERS

Will be responsible to define and administer the quality requirements of one or
more projects. Will be the quality member of the program office and direct the
quality portion of design, procurement, manufacturing, testing and shipping con-
trol quality costs. A working knowledge of military materials specifications would
be beneficial.

For consideration, send resume with current salary history or call Don Quirk,
305-725-4283, Harris Corporation, Government Systems Group Operations, PO.
Box 37, Melbourne, Florida 32901.

HARRIS

COMMUNICATION AND
INFORMATION PROCESSING

@

An Equal Opportunity Employer—Male and Female

When you
advertisein

EDN

magazine, you can
be sure of
reaching only the
people you are
trying to recruit.
Every reader

is a potential
employee.

We reach the
highest
percentage of

all significant
personnel in our
industry.

You’ll find us

not only
effective, but a
more economical
magazine.

EDN APRIL 20, 1980



Looking fora go-ahead career? Start where
GROWTH OFFERS OPPORTUNITY.

General Dynamics is the nation’s
largest defense contractor. The
Pomona Division is the Free World’s
leading producer and developer of
tactical missiles and advanced
weapons systems including Standard
Missile-1, Standard Missile-2, Stinger,
DIVAD, RAM, Viper, Sparrow AIM 7-F,
Phalanx, Assault Breaker and more.
These programs provide a continuing
challenge for creative engineers in a
growing company that is meeting
America’s defense needs for

tactical systems.

At Pomona, advancing and applying
state-of-the-art in engineering is a way
of life.

The Pomona location offers a wide
variety of lifestyles where every
conceivable form of recreation is readily
available year-round, with major
entertainment offerings in nearby

Los Angeles. General Dynamics offers
you a chance to move to a company
where growth does indeed mean
career opportunities.

Professional openings range from

entry level for recent college

graduates to highly experienced
employees in a wide spectrum of

engineering disciplines:

Digital & Analog
Circuit Design
Guidance & Control
Systems Engineering
EMI/EMC

Test Equipment Design
Electro-Optical
Telemetry Systems
Microwave/Antenna
Fire Control Design
Microelectronics
Microprocessor Design
Engineering Writers
Hydraulic Design
Reliability

Power Supply
Electronic Packaging
Test Systems

Radar Systems

Signal Processing

Components

Stress Analysis
Electro-Mechanical Design
Auto Pilot Design

Servo Design

Logistics

ATE Design

Propulsion

Manufacturing Engineering
Industrial Engineering

Send your letter or resume for prompt
technical review. You'll hear from
us soon.

R.M. Kemp

Vice President,

Research & Engineering
GENERAL DYNAMICS

Pomona Division

P.O. Box 3011, Pomona, CA 91766

An Equal Opportunity Employer M/F/H
U.S. Citizenship Required

GENERAL DYNAMICS

EDN APRIL 20, 1980

Pomona Division
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Desi
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to FlBER

gner’s

OPTICS

A Designer’s Guide to

FIBER

This comprehensive, authoritative
guide covers all aspects of fiber-optic
systems. Totalling 60 pages, it
provides full understanding of the
components, their key parameters
and how they relate to fiber-optic
system design.

e Part 1 — Understanding glass
fibers and their parameters

¢ Part 2 — Matching sources and
detectors to the fibers

e Part 3 — System-design
considerations

¢ Part 4 — Building a fiber-optic
system

e Part 5 — What’s available today:

Fibers, connectors, sources and
detectors

332

OPTICS

r--------1

Send to:
B Fiber Optic Reprints ]
EDN Magazine
B 221 Columbus Ave ¥
¥ Boston, MA 02116 %
Please send copies of
A Designer’s Guide to Fiber Optics k¥
1 $4.00 ($5.00 Non-USA) ”
5 Check or money order must accom- 5
any each order. No COD. MA
pany
. residents add 5% sales tax. B
[ Send to: i
Name
3 Title §
" Company X
8 Address ]
Cit
i . g
State Zip

EDN 4/20/80 I
H I B B = E = =
EDN APRIL 20, 1980




Have questions about
Allen-Bradiley’s
opportunity for

Engineers?

We have answers...
Just call toll free

1-800-321-6980

(In Ohio Call 1-800-362-6120)

Talk to Tom O'Brien about your skills and
background. Our continuing growth creates openings §
for many engineering disciplines including.. .

Software Engineers Capitalize on your Comp.
Sci. or related degree and apply your software ex-
erience —assembly languages, PASCAL, FOR-
RAN. Utilize our VAX11/780, DEC11/34 or
TEKTRONIX Development Systems to support
your designs.

Hardware/Firmware Design Engi-
neers Design NC and PC systems employing
advanced digital techniques. Degree and 2 +
years experience desired. Your involvement
would include design verification using
VAX11/780, DEC11/34 or TEKTRONIX
Development Systems.

Appllcatlon Engineers
Define customer control system
requirements, prepare propo-
sals and assist new product
planning.

Product/Marketing

Engineers Research and identify product
opportunities based on industry requirements utilizing
your degree and 2 + years of electronics or industrial
experience.

We are a dynamic part of an international corporation
employing over 17,000 people. Our products apply “leading |
edge” computer and microprocessor technology that in-
creases productivity for all types of industry.

Our careers are challenging and rewarding...
Let’s Talk About It —Call Today!

orif you prefer, send your resume to:

@ ALLEN-BRADLEY
/" 747 Alpha Drive, Highland Heights, Ohio 44143

An Equal Opportunity Employer M/F

EDN APRIL 20, 1980



Professionals
For
Computer

Peripherals

We’re one of the world’s leading manu-
facturers of electronics with a product
line that has earned an international
reputation for excellence. Currently

we are seeking the following individuals:

HARDWARE
DESIGN
ENGINEER

For graphic display terminals. A
background in software is preferred.

MARKETING
MANAGER

For computer peripherals including
graphic display terminals, storage
devices and printers.

SALES
ENGINEER

For computer peripherals including
graphic display terminals, storage
devices and printers.

The ideal candidate will have at least
5-8 years experience in the above fields.
BSEE or equivalent is essential. All of
the above positions are located in an
entirely new division located in Northern
New Jersey.

Starting salaries and benefits are
excellent. Please send resume including
salary history in confidence to:

BOX S-505

An Equal Opportunity Employer, M/F

Richard Brown
thought he
was tooyoung
tohavea
heart attack.

He wasn’t.

Because having a family,
a good job and a bright fu-
ture doesn't protect anyone
frorn heart attack. In fact,
nearly one million Ameri-
cans — many with those as-
sets — die of heart disease
and stroke each year. And
200,000 of them die "too
young.”

The American Heart As-
sociation is fighting to re-
duce early death and disa-
bility from heart disease and
stroke with research, profes-
sional and public educa-
tion, and community service
programs.

But more needs to be
done.

You can help us support
research and education by
sending your dollars foday
to your local Heart
Association, listed in your
telephone directory.

Put your
money where
your Heartis.

American
Heart
. Association

WE'RE FIGHTING FOR YOUR LIFE

EDN APRIL 20, 1980




If T haven't got cancer by now I'll never get it. I just don't want to know. No one in my family ever had cancer anyway. My husband
told me not to worry. I was going to go but I remembered the goldfish needed feeding. It was raining out, and I was afraid I'd get sick on
the way. I overslept and missed my appointment. Who.cares. [ don't have a doctor. I feel fine. I missed the bus. The canary got out so |
chased it around for hours. I forgot. I had to get a haircut. The kids wanted ice cream first. The traffic was terrible. The weather was great‘
so | played golf instead. I'm not sick, ever. I don't have the money right now. If cancer's in the stars, it's in the stars. [ went to the
doctor's on the wrong day. I went to the wrong doctor's. Maybe next week I'll make it. It's against my religion. I'm scared. I need to l )€ &
few pounds first. I'm too busy right now. The office would faH apart without me. My father never went to the doctor’s and he lived until
he was 90. [ don't like to think about it. Nothing’s doctor’s fingers are too cold. I'm too young to worry about
cancer. I'm too old to care. I thought only rich peo  and fix dinner. I never heard of it. My boss wouldn't
give me the day off anyway. There was a great sale hr had a funny rattle. No one in my family ever had
cancer. I'm not afraid of cancer. [ lost a button that ] 1. By the time they find it, it will probably be too late.
[ was doing laundry. I haven't been sick a day in.my oLIC 0TS are bormg n my business [ need every hour I can
get. If I die tomorrow I couldn't ca eqt o 5 <N h met that afternoon. My doctor’s
office is too far away. I forgot to ¢ on. My clothes were at the laundry.
[ feel great. It upsets me to talk ab
I'll never get it. I just don’t want t
go but I remembered the goldfish needed feeding.
appointment. Who cares. I don't have a doctor. [ fe
I had to get a haircut. The kids wanted ice cream firs

old me not to worry. I was going to
the way. I overslept and missed my
- got out 80 I chased it around for hours. I forgot.
eather was great so I played golf instead. I'm not sick,
ent to the doctor's on the wrong day. I went to the
cared. [ need to lose a few pounds first. I'm too busy right now.
The office would fall apart without me. My father never 's and he lived until he was 90. I don't like to think about it
Nothing’s wrong with me anyway. My doctor’s fingers are to worry about cancer. I'm too old to care. I thought only
rich people got that. I have to stay home and fix ‘dinner. boss wouldn't give me the day off anyway. There was a
great sale on linens I couldn't miss. The car had a fun amily ever had cancer. I'm not afraid of cancer. I lost a
button that day. There was a football game on. By the time they find it, it will probably be too late. I was doing laundry. I haven't been sick
a day in my life. Cancer of the what? Doctors are ur | can get. If I die tomorrow [ couldn't care less.
But I eat right. I'm always exercising. I forgot brg tor's office is too far away. I forgot to cash a check.
My dog was lost, and [ had fo find it. It was hun ry. 1 feel great. It upsets me to talk about it. The
kids would rip the house apart if [ went out. I don't know why. If I haven't cer by now I'll never det it. I just don't want to know.
No one in my family ever had cancer anyway. My husband told me not to worty: | was going to go but I remembered the goldfish needed
feeding. It was raining out, and I was afraid I'd get sick on the way. I overslept and missed my ‘appointment. Who cares. [ don't have a
doctor. 1 feel fine. I missed the bus The canary got out so I chased it around for hours. I forgot. I had to get a haircut. The kids wanted
ice cream first. The traffic was terrible. The weather was great so I played golf instead. I'm not sick, ever. I don’t have the money right
now. If cancer’s in the stars, it's in the stars. I went to the doctor's on the wrong day. [ went to the wrong doctor’s. Maybe next week I'll
make it. [t's against my religion. I'm scared. I need to lose & few pounds first. I'm too busy right now. The office would fall apart without
me. My father never went to the doctor’s and he lived until he was 90. I don't like to think about it. Nothing's wrong wu 1 Me anyway.
My doctor’s fingers are too cold. I'm too young to worry about cancer. I'm too old to care. I thought onlv rich pegple got that. I have to

Everyone has an excuse for not you have a new, simple, practical way

seeing their doctor about colorectal of providing your doctor with a stool
cancer. However, every year 52,000 specimen on which he can perform the
men and women die of colorectal guaiac test. This can detect signs of

cancer in this country alone.Two out colorectal cancer in its early stages
of three of these people might be saved before symptoms appear. While two
by early detection and treatment. Two out of three people can be saved. Ask

out of three. your doctor about a guaiac test, and
So what is your excuse? Today stop excusing your life away.
American Cancer Society
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Microcomputer
DesignCourses

Hardware, software, systems design. You can
now learn about all aspects of microcomputers
through EDN’s exclusive design courses.

—NEW 1979 Microcomputer Systems Reference Issue (over400 pages) ............... $6.00
Features: EDN’s 6-chapter “Software Systems Design Course” (a step-by-step
tutorial for a 16-bit uC disc operating system), uP Directory, «C Support Chip
Directory, uC Board Directory.
—1978 Microcomputer Systems Reference Issue (420pages). . . ........ccvvvvvnnnnnns $5.00
Features: EDN’s 7-chapter “Software Systems Design Course” (a step-by-step
tutorial for a uC disc operating system), uP Directory, C Support Chip
Directory, uC Board Directory.
—1977 Microcomputer Systems Reference Issue (314pages)..................couunn. $4.00
—Microcomputer Design Course (11 chapters, 83 pages) e e AN e M $5.00
—EDN Software Design Course (90 Pages). . . . .o ovvvrrrirrreeneeerennnereennnnnnns $5.00

(Add $1.00 to each of the above for Canada)
(Add $2.00 to each of the above for non-USA)

Buy in combination and save even more
e Any two items—Deduct $1.00 e Any three items—Deduct $2.00 e Any four items—Deduct $3.00
NOTE: Prices Effective April 5, 1979
Payment must be included with your order. Make checks payable to: EDN Reprints

Send to: uC Reprints/EDN Magazine/ 221 Columbus Ave. / Boston, MA 02116

Please send: copies 1979 uC Systems Reference Issue—$6.00
copies 1978 .C Systems Reference Issue—$5.00
copies 1977 uC Systems Reference Issue—$4.00
copies xC Design Course—$5.00

copies EDN Software Design Course—$5.00

11

Total $ (Non-USA, add $2.00 to each item, Canada add $1.00 to each item)
Check or money order must accompany each order. No COD. MA residents add 5% Sales Tax.
Name Title
Company
Address
City State Zip Code
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Looking Ahead: Trends and Forecasts

Semi production
equipment: up 17.1%/yr
US semiconductor production
and test-equipment markets will
exhibit 17.1% annual growth to
reach $2.3 billion in 1989, up
from $465 million last year,
according to Frost & Sullivan,
New York City.

Contributing to this healthy
growth rate will be increasing
IC density, requiring more
stringent production and testing
methods (VLSI devices will
account for 56% of all IC
production by 1989). Another
key contributor: explosive
demand for photovoltaic cells by
the latter part of the decade.

MARKET FOR SEMICONDUCTOR
PRODUCTION & TEST EQUIPMENT

ANNUAL GROWTH RATE (%)
1979 TO 1989

WAFER PREPARATION 16.4
PATTERN & MASK GENERATION 15.4
WAFER MASKING 17.0
WAFER PROCESSING 16.3
ASSEMBLY EQUIPMENT 239
TOTAL 1741

SOURCE: FROST & SULLIVAN INC

The test-equipment market
alone will grow 17.5% annually,
spurred on by shock, vibration,
temperature and other environ-
mental testing needs. Elec-
tronic-function tests, accounting
for the market’s largest equip-
ment segment, will be increas-
ingly conducted on wafers, as
well as on end products.

Additionally, denser geome-
tries and finer line widths will
propel fast-climbing markets for
projection printers, E-beam
systems and X-ray printers,
which will come into their own
during the latter half of the
1980s.

F&S foresees cold fabrication
processes increasingly = pre-
ferred to hot ones that cause
“runout” and wafer warping, as
increasing wafer size necessi-
tates very tight control over
dimensional variations. And ion
implantation should displace
diffusion techniques, while

sputtering will increasingly
substitute for thermal-evap-
oration processes.

In other developments, a
growing market will arise for
floating-zone equipment; fur-
thermore, new types of equip-
ment for making ribbon-type
silicon materials will become
available by the mid-1980s.

Other trends include the
increasing use of in-line systems
for wafer masking (replacing
manual handling) and a healthy
market (growing fourfold over
the next 5 yrs) for digitizers to
encode circuit diagrams.

Electronics on the rise
in automotive systems

Automobile manufacturers will
increasingly turn to high-
technology electronic products
in their attempt to meet more
stringent federal fuel-economy
and emissions standards, ana-
lysts predict.

Annual production of elec-
tronic engine systems, growing
at a 22.3% rate between 1978
and 1985, will reach $3.4 billion
by 1985 and top $3.9 billion by
1990, forecasts Gnostic Con-
cepts Inec, Menlo Park, CA.
Electronic-convenience - system
production, rising at an average
annual rate of 11.1% through
1985, will spurt to $919 million
by that date and exceed $2.4
billion by 1990—up from $440
million in 1978. Automotive

ELECTRONIC-ENGINE-
SYSTEMS PRODUCTION

4000

TOTAL

3000

INTEGRATED SYSTEMS

2000

$ MILLIONS

SINGLE-FUNCTION
SYSTEMS

1000 /; ELECTRICAL SYSTEMS

'78 '85 '90
SOURCE: GNOSTIC CONCEPTS INC

electronic components’ value,
almost $60 million in 1978, will
top $460 million by 1990.

Tight supply seen for
polycrystalline silicon

Reports of an industry-wide:
shortage of polyerystalline
silicon, the base material of
integrated circuits, have been
greatly exaggerated, say ex-
perts. Thus, while suppliers are
placing shipments of the
material on an allocation basis
and leadtimes on new orders
have typically been running 4 to
5 months, what emerges is not a
shortage but rather a tight
supply of ICs.

The reasons? Heavy demand
for ICs, overcapacity problems
and anticipation of explosive
demand for silicon photovoltaic
cells by the middle of the
decade.

But the potential for a future
silicon shortage does exist,
based on current capacity and
future demand, contends Dan
Rose, president of Rose Asso-

SILICON-WAFER USAGE BY US IC FIRMS
1 1978 1979 1983

VALUE OF
SHIPMENTS 360 468 731
($ MILLIONS)

WAFERS
UTILIZED 513 666.9 895
(MILLION IN.3)

SOURCE: ROSE ASSOCIATES

ciates, Los Altos, CA. In 1978,
usage of silicon in solar cells
amounted to only about 8 million
in.2, Rose notes, but he predicts
solar-cell production will utilize
a phenomenal 6.3 billion in.? by
1986—roughly 10 times that
expected to be required for
IC-device production at that
time.

Material for this page developed
from Electronic Business maga-
zine and other sources by Jesse
Victor, Assistant/New Products
Editor, and Joan Morrow, Produc-
tion Editor.
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Reduce
Custom

‘With a handful of Powercube's Cirkitblock *
modules and a few clip leads, you can quickly syn-
thesize an infinite variety of custom power supplies.

Cirkitblock modules have demonstrated
capability to meet most design needs and are packaged
within a 1" x 1" x 2" basic building block format so
you can assemble supplies of any complexity to any
form factor appropriate in building block fashion.

Design time to operating prototype can be
reduced by more than 50% because conventional
breadboarding is eliminated. Your quickly assembled
“breadboard” of modules becomes your operating
prototype.

Cirkitblock modules utilize space
technology but are specified and priced for industrial

+ as wellas mi]itary, applications. They, €an substan-

tially reduce the “as installed” power supply costs
in airborne and'grotind based instruments such as
receivers, navigationdl systems, displays; stores

" management systen, and communication gear.

Cirkitblock-functional modules not only
save design time and money; they are also a lot of fun
to work with.

Circle the reader service number to learn
more about Powercube’s Cirkitblock functional
modules. Send for free catalogues describing the
entire Cirkitblock module family and packaging
styles for complete power supplies.

POWERCUBE CORPORATION

EIGHT SUBURBAN PARK DRIVE
PDWERCUBE BILLERICA. MASSACHUSETTS 082"

A SUBSIDIARY OF UNITRODE CORPORATION

1617) 667-9500

For more information, Circle No 256
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The trimmer gourmet’s choice.

Feast ybur eyes on Boumns Trimpot® trimmers — the improvements. We're working on design solutions today

choicest and broadest trimmer line anywhere. A

o

for your application needs tomorrow.

banquet of trimmers with outstanding quality and Introducing the Trim Bin™ Trimmer Kit. Here are

performance at cost-effective prices to Pplease
the most discriminating design connoisseur.

Le Plus Grand Menu
Rectangular, square or round
Sealed or open-frame
Wirewound or cermet
Single or multitum

Select the size, shape, type of element
and method of adjustment to suit your
taste. They're served in an assortment of
resistance values and pin styles to satisfy all
of your design needs.

Bourns is dedicated to serving all of your

some appetizers to tantalize your trimmer palate: A
complete assortment of the most popular Trimpot

trimmers and MFT™ trimmers/resistors in a

convenient package for just $99.95*. A

value of over $200, the kit contains
127 parts representing 50 varieties of

resistances and pin styles, plus adjustment

tools and design aids. It's available from

your local Bourns distributor.

Vive la Résistance! Call your Bourns
representative or distributor for more
information and for your new 94-page
TR-1 trimmer catalog.

‘ TRIMPOT DIVISION, BOURNS, INC., 1200 Columbia Avenue,

trimmer requirements . . . both now and in Riverside, CA 92507. Ph: 714 781-5320. TWX: 910 3321252,
the future. Look for future innovations in down- European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar,

sizing, increased performance and cost-effective

. | For Immedi. te Appllcanon—Clrcle 100 For Future Application—Circle 200

Switzerland. Ph: 042 33 33 33. Telex: 78722.
*Domestic U.S.A. price only.

The last word in resistive componenis



