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Simply set
and resetright on the button!
Just push the PLUS or MINUS buttons for the precise setting you want. It's
that simple. The newly designed Model 3680 Series of Digital Pushbutton
Potentiometers let you set and reset with absolute accuracy.
Fast data entry and information readout on large easy-to-read
digital displays.
A modular potentiometer "system," the Model 3680
Series consists of from one to five decades. Resolution
is related to the number of decades used. Laser tailored,
built-in cermet elements provide a wide choice of standard
resistance values from 10 ohms to 1Megohm.
Model Number

Number of Decades

3681
3682
3683
-3684
3685

1
2
3
4
5

Resolution

10%
1%
.1%
.01%
.001%

Standard Resistances (Ohms)

10-100K
100-1Meg
1K- 1Meg
10K-1Meg
1OOK -1Meg

Installation is asnap. Convenient snap-in mounting reduces
installation time and eliminates the need for mounting hardware. An
integral bezel covers ii-regular panel cutouts and minor panel edge
blemishes. Rear dual-purpose terminals can be soldered or
connected to standard interconnections.
All flame retardant material is used for fabrication. Glass-filled
thermoplastic is UL listed 94V-0 (pushbutton material is UL listed
94V-1). Specifications include 100 PPM/°C tempco, 2 wltts power
rating, and —25°C to +85°C operating temperature range. Typical cost
is $11.28* in 1,000 quantities (three decade Model 3683) —
comparable to the cost of separate precision potentiometers and dials.
Simple, fast and accurate Pushbutton Pots from Boums. A concept
that's right on the button with your design needs. Send today for
Model 3680 catalog.
TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507. Phone: 714 781-5122. TWX: 910 332-1252.
'Domestic USA. price only.
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In 11Fdiodes IIlegives you
aunhrrse lo choose ii•om.
HP Schottky diodes for low noise mixing, high sensitivity detecting and general purpose switching feature
high breakdown voltages (to 70V) to handle high level signals, pico-second switching speeds for low distortion,
and low turn-on voltage for low power consumption.
HP PIN diodes for attenuation, AGC and modulation are noted for their low distortion products, large
dynamic range, and tight resistance matching.
A wide selection means there is adiode that is right for your circuit needs, including MIL spec. Low volume
prices meet your design and production requirements. Stringent test procedures assure the reliability you need
for your universe, whether it is satellite communications. CB radio.
computer switching, ECM or anything in between.
Best of all, one phone call :o your local HP distributor can solve
HEWLETT â
PACKARD
just about any diode problem you may have. HP's universe of diodes are
in stock no w—in the quantities you need.
1507 Page Mill Road. Palo Alto, California 94304
In the U.S. contact Hall-Mark, Hamilton/Avnet, Pioneer Standard,
Schweber. Wilshire or the Wvle Distribution Group (Liberty/Elmar).
For assIstance call Wasn.ngton13011948-6370 Ch.cagoI312)
05805
In Canada. call Hamiltoh/Avnet or Zentronics, Ltd.
255.9800 Atlanta (4041955.1500 Los Angeles12131877-1282
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ONE GIGAHERTZ

REAL-TIME BANDWIDTH

See what you've
never seen before.
Now Tektronix proudly announces its
new 1GHz real-time scope. the 7104.
Rise time: 350 ps. Plus a10mV/div 1V/div vertical sensitivity, and a20 cm/ns
writing rate so any signal, single-shot or
repetitive, can be seen and photographed. A window into aworld previously invisible.
As part of the Tektronix Plug-In family,
the 7104 is compatible with 7000-Series
plug-in units. Including several new
ones that take the 7104 to the limits of its
specifications. In addition, the 7104
opens awhole new world of technology,

both in circuit design and crt operation.
Throughout the history of science, important discoveries have been made possible by similar advances in instrumentation. We believe the 7104 represents such
an advance.
The Tektronix 7104 Plug-In Oscilloscope. See what you've never seen before.

See the 7104 at Electro-New York

1%IctronDc
- ®

For literature, call (800) 547-1512 toll free.
For Tectnical Data circle 2 on Reader Service Card
For Demcnstration circle 3 on Reader Service Card
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Electronics Review
COMPONENTS: Motorola, National prepare IC converters, 39
MILITARY: DOD will request proposals next month for VHSI, 41
PERIPHERALS: Data station offers OEMs flexibility, 41
INTEGRATED CIRCUITS: CDC says Soviets make good chips, 42
COMPUTERS: Plug-compatibles fight back, 44
PACKAGING & PRODUCTION: Electron-beam annealers readied, 46
NEWS BRIEFS: 46
CHARGE-COUPLED DEVICES: CCDs receive two-pronged boost, 53
AUTOMOTIVE: TI ships carburetor control parts to Delco, 54
MICROPROCESSORS: Italians to make Zilog Z8000, 56
Electronics International
GREAT BRITAIN: BBC reduces composite TV signal to 34 Mb/s, 71
WEST GERMANY: MBB to equip China electronically, 72
JAPAN: Fixed-head VCR fills a (loop)hole, 72
WEST GERMANY: Magnetically soft alloys are strong, too, 76
Probing the News
MEMORIES: Alphas stymie statics, 85
MICROCOMPUTERS: Chip, mini makers squaring off, 88
COMMUNICATIONS: Military acts in digital Drama, 90
TRADE: Japan's markets less inscrutable, 94
COMPONENTS: Why Europeans are on edge, 96
Technical Articles
COMPUTERS: Supporting their design amid evolving technology, 101
System/38 shows how IBM aims to keep up with the times, 102
Customized metal layers vary standard gate-array chip, 105
Level-Sensitive Scan Design tests chips, boards, system, 108
Hash index helps manage large virtual memory, 111
SOFTWARE: Forth's forte is tighter programming, 114
DESIGNER'S CASEBOOK: Detector recovers narrow pulses, 120
Optoisolator initializes signal-averaging circuit, 121
Timer generates sawtooth with switchable symmetry, 123
PACKAGING & PRODUCTION: Steel—the ideal substrate? 125
ENGINEER'S NOTEBOOK: Program finds 8-by-16-bit product fast, 129
Fractional-binary program creates pseudorandom integers, 129
Five-state LED display monitors paging system, 131
New Products
IN THE SPOTLIGHT: Desktop computer sells for $2,850, 137
Video system with dual processors unburdens host, 138
Bit-slice mini for multiple users boasts lower price, 141
POWER SUPPLIES: Power-One gets into switching supplies, 144
COMPUTERS & PERIPHERALS: Four-pen plotter sells for $16-k, 156
INSTRUMENTS: Hand-held meter reads true rms, 168
COMPONENTS: V-I converters are accurate, 180
MICROCOMPUTERS & SYSTEMS: System develops C-MOS parts, 192
MATERIALS: 212
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Highlights
Cover: IBM lays foundation for future design, 101

The recently introduced System/ 38 features on-chip testability and simplified
virtual memory management. A computerguided electron beam defines interconnections to customize a large-scale integrated
gate-array chip.
Cover is by Art Director Fred Sklenar.
Europeans jittery over unsold German TVs, 96

Oil shortage, unemployment, inflation add
to component makers' worries evident at
Paris show. But though consumer markets
look poorly, military and data processing
business is looking up.
Language tightens microcomputer programs, 114

Third installment in microcomputer programming series examines Forth, a language organized like a dictionary. The
programmer can add his own definitions
and intermix assembly instructions.
Porcelain on steel entices board designers, 125
The technology for producing porcelain-onsteel circuit boards is coming of age. Tooling costs run high, but ruggedness and thermal properties are excellent.
...and in the next issue

A special report on data handling by satellite ...new op amps that run on 1volt or
less ...a compact megabyte bubblememory module.
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Publisher's letter
preparing the group of four articles
" on the IBM System/38 computer
(p. 101) almost required a System/38 computer. Besides the intro
duction written by computers editor
Tony Durniak, the project included
three different articles prepared by
six authors at two separate locations,
coordinated from athird.
But the results are worth the
effort, providing an early look inside
the System/38, which was announced in October 1978 but will
not be delivered until August 1979.
More than describing a single computer system, the articles point to the
directions in which IBM will go in
future systems.
A review of the gate-array chips,
by Jehoshua Pomerantz, Rolf Nijhuis, and Chet Vicary, came from
IBM's Data Systems division in East
Fishkill, N. Y. The system's unique
built-in testing scheme was produced
by Neil Berglund at the General
Systems division (GsD) in Rochester,
Minn. And the discussion of virtual
address translation by Merle Houdek and Glenn Mitchell also came
from Rochester. General Systems
division headquarters in Atlanta,
Ga., did the coordination.
An interesting sidelight on the
System 38 project, which took about
eight years from inception to product
announcement, was the tilt of the
design effort in that time from hardware to software. Brian Utley of
GSD, project manager for the System/38 for five of those eight years,
estimates that by the end of the
program there were two and a half
to three software people for each
hardware designer.
"The real value of this class of
March 16 r979
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product is the software, because
that's the function the user sees and
interfaces with," Utley comments.

I
thas been about ayear

since alpha
radiation in dynamic randomaccess memories became an issue in
the semiconductor industry. The
questions at the time were: is it serious, can users live with the soft
errors caused by alpha particles, and
will it be necessary to design around
the problem?
Now, as the Probing the News
story on page 85 points out, static
RAMs heretofore believed to be
impervious to alpha radiation have
been invaded. The problem has
appeared in those statics designed
with polysilicon load resistors. Again
there is controversy about the seriousness of the problem and what the
manufacturers must do about it.
Implicit in a discussion of solutions is the concern among producers
that users may eventually demand a
specification on soft error rates. If
so, it will mean higher costs for
increased testing, tighter processing
techniques, and the use of premiumpriced materials.
"The manufacturers are confident
that soft errors in 4-K and 8-K static
RAMs can be overcome by proper
design," solid state editor Ray
Capece observes, "yet many are
concerned with alpha-particle radiation in the forthcoming high-speed
16-K statics. Until they actually
build them, they will not be sure."
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... hundreds of models
interface the IEEE 488 BUS
through the
KEPCO SN-488 programming system

Write Dept. BY F-14 for all the details

KEPC0c

131-38 SANFORD AVENUE •FLUSHING, N.Y. 11352 U.S.A. •(212) 461-7000•TWX #710-582-2631 •Cable: KEPCOPOWER NEWYORK
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SIGNAL
GENERATOR
AMPLIFIER
Our Model 603L is the
ultimate in RF signal
generator amplifiers. Just
plug this low cost unit into
any signal or sweep
generator in its 0.8 to 1000
MHz range and this
completely solid state unit
will provide you with the
maximum in power
flexibility.
o
110

With aflat frequency
response and 3watts of
linear Class A output (up
to 5watts saturated), the
603L will provide constant
forward power, making it
ideal for driving reactive or
resistive loads.
Priced at $1895*, the
versatility and usefulness
of this outstanding power
amplifier can best be
demonstrated in your own
applications.
For detailed specifications or ademonstration,
please contact:
ENI
3000 Winton Road South
Rochester, New York 14623
Call: 716-473-6900 or
Telex: 97-8283 ENI ROC
USA

ENI

The World's Leader
in Power Amplifiers

Readers' comments

The Personal
Computing Book
peRsonal

Only one of several
To the Editor: A major theme of a
recent article in the People column,
"West and Nichols count on servicing microprocessors" [Jan. 18,
p. 14], was that Millennium Systems
Inc. is the only company now
making instruments designed exclusively for troubleshooting microprocessor-based products.
In fact, there are many products
currently being offered that are
alternatives to the Millennium µSA.
Included in this category are instruments by Pro-Log, Mupro, Paratronics, and EH International, as well as
by AQ Systems, to name those that
immediately come to mind.
We at AQ Systems have been
manufacturing microprocessor analyzers since early 1976 and now offer
two products in this category: the
AQ6800 for 6800 and 6802 applications; and the AQ8080 for 8080,
8085, and Z80 system troubleshooting. Our instruments offer the
unique feature of providing in-circuit
emulation capabilities without removing the microprocessor chip
from the system under test.
Isaac Klinger
AQ Systems Inc.
Yorktown Heights, N. Y.
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Bectronics
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Take the computer
revolution into
your own hands!
More than 50 articles are presented
from leading publications in the field
to give you this up-to-date guide that
answers all your questions on personal computing precisely and reliably.
Hardware •Software •Theory
•Applications •Helpful Hints
Order today, and don't forget the other
valuable Electronics Magazine Books
listed in the coupon below.

rElectronics Magazine Books

P.O. Box 669, Hightstown, NJ 08520
:ere.

Send me..,

Not so wonderful
To the Editor: The "wonderful
discovery" discussed in the Jan. 18
Engineer's Notebook, "Unspecified
8085 op codes enhance programming" [p. 144], is actually extremely
dangerous from a programming
standpoint.
Neither Intel nor any secondsource vendor is obligated to have
these unspecified operating codes
function in future or even current
8085 microprocessors in the same
way as described.
The result of using these op codes
will, in all likelihood, be incorrect
functioning when programs are
moved from the development system
to the application system. They
therefore constitute traps to be
sprung on unsuspecting persons
using such software.
Furthermore, consumer confidence in microprocessor-based products will be damaged when myster-

Teuing
haRdwate

copies of Microprocessors @ $8.95
copies of Applying Microprocessors
@ $9.95
copies of Large Scale Integration
@ $9.95
copies of Basics of Data Communications @ 612.95
copies of Circuits for Electronics
Engineers @ $15.95
copies of Design Techniques for
Electronics Engineers @ $15.95
copies of Memory Design: Microcomputers to Mainframes @ $12.95
copies of New Product Trends in
Electronics. No. 1@ $14.95
copies of Personal Computing:
Hardware and Software Basics (t_f), $11.95
Discounts of 40% on orders of 10 or more
copies of each book.
Imust be fully satisfied or you will refund full
payment if the book is returned after ten-day
trial examination.
Payment enclosed
D

Diners Club

D Bill

Bill firm

Charge to my credit card:
D Visa

Acct. No.

O

me

American Express
D

Master Charge

Date Exp

On Master Charge only,
first numbers above name
Name

Title

Company
Street
City

State

Zip

Signature
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Auniversal counter for 975.

The smart money's on HP'S new 5314A Universal
Counter because it does so much for so little.
Now, in one low-cost counter, you can measure
frequency up to 100 MHz, period down to 400
nanoseconds with 100 picosecond resolution,
and time interval with 100 ns resolution. Add
frequency ratio, ratio averaging, totalizing
and afull complement of time interval measurement controls and you've got apackage you'd
expect to find at almost twice the 5314A's

$375 price. Options: internal battery and
charger, $95; TCXO time base, $100.
Time interval measurement capabilities are
truly outstanding at the 5314A's price. Instead
of limited single channel controls, or none at all,
the 5314A gives you both input trigger level
and slope controls for two input channels.
So now you can measure pulse widths or time
between pulses with stop and start commands
from either one or two input control lines.

HP'S frequency counters also save you time and money.
Using state-of-the-art components
common to HP'S most sophisticated
counters, the HP5380 frequency
counter series offers high accuracy, high
input sensitivity, input attenuators and
direct counting for rapid, convenient
frequency measurement and
adjustments.

eo•
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538IA 80 MHz. 5295 •5382A 225 MHz. 5395. 5383A 520 MHz, 565ii

HEWLETT â

syie

To find out more about HP'S lowcost laboratory grade counters and the
entire family of sophisticated and
versatile HP counters call your nearest
HP field office. Or write for the 5314A
and 5380 series data sheets and
electronic counter brochure.

*._•«\

Prices domestic U.S.A. only
02902

PACKARD

•507 Page Mill Road, Pak. Alto, California 94304
For assistance call WashIngton (
3C1

258-200C.. Chicago (312) 2E 5-9800 Atlanta ,404) 955-1500. Los Angeles (213) 877-1282

HP: MAKING EXPERIENCE COUNT
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New possibilities for
your Printed Circuit
Board

WIMA Miniature
Capacitors
/.5 00
/00.
re, e

6800
100 VVlmA

Readers' comments
ious, possibly dangerous, effects result from the use of products
containing 8085s employing these op
codes.
L. Edward Reich
Arlington, Va.
• Intel Corp. does indeed recommend
that unspecified operating codes not be
used, if for no other reason than that
their inclusion (or function) in aparticular chip issue is not guaranteed and
they may in fact be removed as subsequent masks are made. The situation is
roughly parallel to the use of "hidden
features" in a particular calculator,
where programmers also implement
unspecified functions at their own
risk.— En.
Clarification

WIMA MKS 2
with aPCM of 5mm
The new miniatures from WIMA help
you to save space on your Printed
Circuit Boards and can be utilised
everywhere. They are the smallest
plastic cased, metallised polyester
Capacitors available.
Capacitance values 0.01 —0.47 MF
(1 pF with 7.5 mm PCM.)
WIMA FKS 2from 1000 pF.
All capacitors are resistant to
moisture.
Please ask for
our special
catalogue.

To the Editor: One point in my article, "Two chips, two processes combine in per-channel coder-decoder"
[Feb. 1, p. 126], should be clarified.
The final paragraph referred to Fig.
11, which was eliminated. Therefore
the first sentence should be changed
to read as follows:
"Since the codec's internal timing
is independent of the data control
clocks, the TP3000 can be readily
used in a full-duplex single-channel
application. That is, each of two
codecs can transmit and receive data
over a single interconnecting bus.
The first codec would transmit PCM
data to the second during the first
half of the frame, and the converse
during the last half of the frame."
The last sentence remains the
same.
James W. Smith
National Semiconductor Corp.
Santa Clara, Calif.
Correction

WILH. WESTERMANN
Spezialvertrieb elektron. Bauelemente
P. 0. Box 2345
D-6800 Mannheim 1
Fed. Rep. of Germany
U.S. Sales Offices:
BOSL & ROUNDY • 3333, Delray Drive
Ft. Wayne • Indiana 46815
(219) 483-3378
THE INTER-TECHNICAL GROUP INC.
North Dearman Street • P. 0. Box 23
Irvington • New York 10533
(914) 591-8822
TAW ELECTRONICS CO.
4215 W. Burbank Blvd., Burbank
California 91505 • (213) 846-3911
8
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In "177' Semiconductors gears up for
64-K RAM production" (International
Newsletter, Feb. 15, p. 64), the figure
of 150,000 for 4-K and 16-K parts is
per week, not per month.

be

delay
lines
•Digital
•Programmable
•DIP
TTL DTL Compatible

BEL FUSE INC.
203E Von Mc.rit it. Jerfey City 11.1

07302 (201)432-0463
TWX 710-730-5301
Circle 239 on reader service card

DON'T GET
BENT OUT
OF SHAPE
OVER QUARTZ
CRYSTALS.
WRITE OR CALL

1978 Index ready soon

Savoy Electronics, Inc.

The index of articles published in Electronics in 1978 will be available shortly. For acopy, circle 340 on the reader
service card.

4forudfarrurtr, of Queht, Quart: (nual, S4ncir 1937

Dept. EM P.O. Box 5727
Fort Lauderdale, Florida 33310
305/563-1333 •TWX 510 955 9766
IN CALIFORNIA:
714/968-5166 •TWX 910 595 2259
Circle 240 on reader service card
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Only one company sets the pace with
software for microprocessors.

FORTRAN-80

THAT'S MICROSOFT.
The most w.dely used microcompCer FORTRAN in the world today is FORTRAN-80
.A/hetrer it's BASIC, FORTRAN, or
from Microsoft. If's easy to see why The FORTRAN-80
compiler supplies al. of ANSI-66 FORTRAN (except the
COBOL. the Icrgest-seing miCOMPLEX data type';, plus many enhancements to the
crocomputer systems use softstandard. FORTRAN-80 also provides a complete assemware by Microsoft:
b'y language development system with relocating macro
Podo Shack, Tektronix, NCR,
assembler and finking loader. The assembler supports afull.
Apple, TEI, Commodore.
Intel-standard macro facilly (Including IRP, IRPC, REPEAT, local
Ontel, Billings, Extensys,
variables and EXITM), and it accepts Z80 or 8080 opcodes.
Imsai, Ohio Scientific,
FORTRAN-80 is available in versons that support the CP/M, TRS-80
Comemco. ADDS, ZiTRSDOS, DTC and Altair operating systems, plus:
log, Moste.k, Nation-

FORTRAN-80 FOR INTEL'S ISIS-II"

\eou can't buy a
better FORTRAN for your ISIS-II operating system. Microsoft's FORTRAN-80
is the fastest and most compact FORTRAN available. Our code generation and optimized library routines keep run-time memory s'ze low. The
compiler resides in 24K and compiles 1200 lines per minute. The macro
assembler resices in 16K and assembles 1000 lines per minute. Availab,e on
single or double density diskettes Single copy: $500.

al, Rockwell, and
many others.

And OT Microsoft,
new tnings are
happening all
the time.

FORTRAN-80 FOR TEKTRONIX 8002

TM An unbeatable combination. '=ully compatible with TEKDOST" this latest version of FORTRAN-80 adds anew
dimension to the TEKTRONIX 8002 Microprocessor Development Lab. Use the
FORTRAN-80 compiler for development of microprocessor-based software
for the Intel 8080A, 8085A, and Zilog Z80 chips. Single copy. $500.

fri iviICRO5OFT
All software available at single-copy prices or OEM/
Dealer agreement prices.

10800 NE Eighth, Suite 819
Bellevue, WA 98004
206-455-8080
Telex 328945
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The Super Counters:
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The HP 5370A.

•±-20 ps singleshot resolution. 11 digits in 1second.
Statistical computation. Microprocessor
control.

You're looking at the highest capability
universal counters available today by far. With
them you can make frequency, period and
time-interval measurements that no other
counters can do. Although they make ordinary
measurement jobs easier, they also give you
significant advances in accuracy, speed,
performance. range and versatility.

Advanced measurement techniques give
these counters far greater measurement resolution than other universal counters: up to 1000
times greater for frequency and up to 500 times
greater for single-shot time interval.

A new combination of features allows
you to easily make measurements that less
versatile counters cannot make—like accurate
high speed dynamic measurements. These
features include: unusually flexible architecture,
triggered measurement capability, unmatched
logic speed throughout and acceptance of
any externally commanded gate time
of being limited to measurement times that
are decade values of one second.
For systems use, both models offer HP-IB
(Hewlett-Packard Interface Bus: IEEE-4881975) for low cost systems interconnection.

WM HP: MAKING EXPERIENCE COUNT
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Easily the highest capability
counters available today.
ar
I

.1 -

-

-

-1

r- 3

c,

Hz

•

The HP 5345A

Reciprocal
counting to 500 MHz coupled with 2ns
single-shot resolution. 9digits in 1second.
Expandable to 18 GHz.

Other unmatched features include:
Model 5370A: STATISTICS/microprocessor-computed mean, max, min and
standard deviation of time intervals. TRIGGER
LEVEL MEASUREMENTS/displayed to
10mV resolution with one keystroke. FAST
CORRECTION/one keystroke compensates
systematic errors such as unequal cable lengths.
Model 5345A: PLUG-IN VERSATILITY/
optional front panel plug-in accessories expand
measurement range to 18 GHz, make automatic
narrow-pulse RF measurements to 4GHz,
or add athird 500 MHz channel. HIGH-SPEED
LOGIC THROUGHOUT/for higher speed
in systems use ... over 50,000 four-digit readings per second in HP'S 5391A Frequency and
Time Data Acquisition System, for example.
The Super Counters offer many other features
to help make your measurements much faster,
simpler, more convenient and, of course,
accurate. They're described in comprehensive
data sheets that are yours for the asking. Prices:
5370A, S6500? including HP-IB. 5345A, $4400e
plug-ins and HP-IB extra.
'Price domestic U.S.A.
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Your broadest choice
of counters from the industry's
most experienced source.
The HP counter line is unmatched in breadth
of choice from budget-conscious basic counters
to the most sophisticated
multi-purpose models
available today.
They're described in an
\M N .
Electronic Counter
Selection Guide that we'll
mail along with your
5370A and 5345A data
sheets. Call or write today.
,

HEWLETT â

PACKARD

1507 Page Mill Road, Palo Aito, California 94304

For

assistance call Washington (301) 948-6370. Chicago (3 12)

255-9800. Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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POWER-ONE offers the largest off-theshelf line of triple output D.C. power
supplies in the industry. 13 Models, from
16W to 150W. Precision regulated D.C.
oltages for logic, memory, interface, linea
vices, and Floppy-Disk mom .
systems.
• 115/230 VAC

It

I

OVP on +5V Outputs
.05% Regulation
Two-Year Warranty
UL and CSA Recognized
Get all the details on our 84
standard open frames.
Send for our new
4t,
Catalog. 44tiek

Still Only $49.95
Microcomputer Model HTAA-16W
Outpot #1 5v @ 2.0A with OVP
Output *2 9.15V @ 0.4A
Output *3 j )9-15V @ 0 4A or -5V @.

.

4A

IN-STOCK NATIONWIDE...FOR IMMEDIATE DELIVERY
EASTERN REGIONAL SALES OFFICE: Schenectady. NY (518) 399-9200 ALA.: Huntsvil'e, Rakes Engr. &
Marketing Corp. (205) 883-9260 ARIZ.: Phoenix, PIS Assoc. (602) 279-1531 CAL.: Pasadena, A-F Sis. Engr. (213)
681-5631; San Diego, A-F Sis Engr. (714) 226-8424: San Jose, Richards Assoc. (408) 246-5860 COL: Denvitr,
PLS Assoc. (303) n3-1218 CT.: Litchfield. Digital Sis. Assoc. (203) 567-9776 FLA.: Orlando, OEM Marketing Corp.
(305) 299-1000 GA.: Duluth, Rakes Engr. & Marketing Corp. (404)476-1730 ILL: Chicago. Coombs Assoc. (312)
298-4830 IND.: Indianapolis, Coombs Assoc. (317) 897-5424 MD.: Wheaton. Brimberg Sis. Assoc. (301) 9462670; Baltimore. Brimberg Sis. Assoc. (301) 792-8661 MASS.: Waltham, Digital Sis. Assoc (617) 899-4300
MICH.: Southfield, L.H. Dickelman Co. (313) 353-8210 MINN.: Minneapolis, Engr Prod. Assoc. 1612) 925-1883
N.J.: Whippany. Livera-Polk Assoc. (201) 377-3220: Maonora, Holdsworth (609) 398-4340 N.M.: Albuquerque.
PLS Assoc. (505) 255-2330 N.Y.: Roslyn Hts.. Livera•Polk Assoc. (516) 484-1276; Syracuse, C.W. Beach (315)
446-9587 N.C.: Charlotte, Oyer & Over Inc. (704) 527-3070 OHIO: Cteveland, Marlow Assoc. (216) 991-6500:
Dayton Marlow Assoc. (513) 434.5673 OKLA.: Tulsa. Advance Technical Sts. (918) 743-8517 ORE.: Portland. Jas.
J. Backer (503) 297-3776; Salem, Jas. J. Backer (503) 362-0717 PENN.: Pittsburgh, Marlow Assoc. t412e31-6113;
Newtown Sq., Hoklsworth & Co. (215) 356-8550 TEX.: Dallas, Advance Technical S's. (214) 36141584;
lid State
Electr. (214)352-2601; Houston. Advance Technical Sis. (7 ,3) 469-6668; Solid State Electr. (713)772-8483 UTAH:
Sait Lake City. PLS Assoc. (801)466-8729 WASH.: Seattle. Jas. J. Backer (206)285-1300; Radar Elec. Co. t
206)
282-25t1 WIS.: Milwaukee, Coombs Assoc. (414) 671-1945 EUROPE: Hanex, L.A., CA (213)556-3807 CANADA:
Duncan Instr., Weston, Ontario (416) 742-4448: Winnipeg Manitoba. Cam Gard Supply Ltd. (204) 786-8481

'crhaibnriIll opower
-
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D.C. POWER SUPPLIES

Power One Drive •Camarillo, CA 93010 •P,ione, 805484-2806 •TWX: 910 336-1297
SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK
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1978 Electronics
Buyers' Guide
The only book of its kind in the
field. If you haven't got it,
you're not in the market.

rElectronics

Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, pleasa send me
copy(ies) of 1178 EBG.
I'm enclosed $25 per copy delivered in the USA or
Canada.
J lie en :lased $35 per copy Scr delivevy elsewhere (347
if shipped by Air). Full money-back guaranien if returned
in 10 days

To insure prompt delivery
enclose your check with
this coupon.
1979 edition available
in June.
12
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• It's beginning to look as if Grumman Aerospace Corp.'s championing
of synthetic-aperture radar (sAR)
for tactical purposes will pay off.
The Navy is allotting $8.9 million
for a flight demonstration of the
Grumman—Norden Systems RadarGuided Warning System. The system adds to the radar a new angle
measurement technique that has
been designed to overcome previous
shortcomings of SAR [Electronics,
March 31, 1977 p. 31].
Other defense agencies are also
interested in the RGWS concept,
which combines target acquisition
and weapon guidance. Grumman, in
Bethpage, N.Y., now has a $15
million contract from the Air Force
to develop just such an airborne
system to work with ground-based
weaponry. Hughes Aircraft Co. has
asimilar Air Force contract.
Grumman has been promoting
RGWS for several years as a way of
adding a long-distance, all-weather
attack system to the Navy's A-6E.
By providing more precise target
information at greater distances, a
radar with RGWS capability would
enable a plane's pilot to launch
weapons before entering the range of
surface-to-air missiles.
Only 3 feet in diameter, the SAR
antenna operates as though its aperture were several hundred feet wide.
Essentially, it processes returning
signal information often missed by
conventional radars and provides an
image of much higher quality. In
fact, Grumman expects a 1,500-fold
improvement in image detail.
SAR provides a target map, but
does not locate area precisely in relation to aircraft. Grumman's solution—developed in conjunction with
Norden Systems Inc., Norwalk,
Conn., a subsidiary of United Technologies Corp.—is called a relative
angle processor. It analyzes angles of
arrival at the right and left antenna
halves of signals from the target,
using them to compute altitude and
azimuth data.
A previous Navy contract involved
ground processing of the data. Now
the companies are working on
airborne processing equipment for
1981 flight tests.
Ben Mason

Zip
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Expanding the parameters
of press-fit technology

Bellows contact now available in
economical press-fit backpanels.
Through adramatic new production
technique, the familiar bellows-type
contact pin is now available in pressfit. You get all the benefits of the bellows spring design — but with the
advantages of press-fit... such as up
to eight planes of circuitry without
external wiring.
The true spring action of the bellows contact gives you much lower
insertion force requirements — but
equal retention. That means less
gold wear on the contact.
As with all press-fit contacts, the bellows contact is removeable and replaceable on the board. However, with the bellows press-fit contact, the insulator housing need not be removed.

.he

The bellows press-fit contact can be
selectively plated to get the gold
exactly where it's needed — and
nowhere else. Offers lower cost for
greater value.
Make your own backpanels. We'll
help you do it.
If your volume of usage justifies it,
we'll set up aprogram to furnish
you the equipment and supplies to
produce your own bellows contact
backpanels. We opened the door to
industry application of press-fit,
and we're making it more usable
all the time. Write or call for additional information.

ram

ELFAB

The Leader in Press-fit Technology

P. 0. Box 34555 •Dallas, Texas 75234 •214-233-3033
Electronics/March 15, 1979
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People
Walker hopes to soothe
Tektronix' growing pains

NEW TEXTOOL
ECONO ZIP
PRODUCTION
SOCKETS
New TEXTOOL inexpensive ECONO ZIP
socket series features easy, safe zero
insertion and extraction pressure for
"end-user" production requirements.
TEXTOOL's new low cost ECONO ZIP
series of production sockets are especially designed for those applications
where initial loading and field replacement of expensive IC's are a necessity
and socketry is an absolute requirement.
ECONO ZIP sockets are available
in 16, 24 and 40 pin models. They are
designed for mounting on standard
.100" centers on either axis.
The ECONO ZIP socket is designed for the most simple mechanical
action. A device
can literally be
dropped into the
socket. Rotation of
the cam to abuilt-in
stop firmly retains the device with exceptionally good electrical contact. Counter
rotation of the cam releases the device,
thus providing zero pressure during
both insertion and extraction'.
These economical (U.L. approved
plastic) production sockets offer additional device protection features including wide entry holes to accept bent or
distorted leads that don't have to be reformed prior to insertion, a screw driver
operated plastic cam for easy operation
and prevention of accidental unloading,
and extremely long life (hundreds of
actuations).
Detailed technical information on new
low cost ECONO ZIP production sockets is
available from your nearest TEXTOOL
sales representative or the factory direct.

1410 W.

14

PRODUCTS, INC.
Pioneer Drive •Irving. Texas 75061
214/259-2676

Circle 14 on reader service card

Every company has growing pains,
even one so long established and
well known as Tektronix Inc., the
instrumentation manufacturer.
When its business surged last year
by 32%, there were signs that
restructuring of responsibilities was
in order, and William D. Walker
was elevated to the new post of executive vice president.
"We've grown faster than anticipated, and the old organization
could not keep up," says Walker,
whose job is to share the load on
Tektronix president Earl Wantland's
shoulders. The company ended its
1978 fiscal year at nearly $599
million. But another set of figures
was an early warning—unfilled orders jumped from $128 million to
$179 million.
Prior to the surge, Tektronix had
embarked on an aggressive program
of increasing its work force and work
area. But new money, people, and
facilities all require special attention
from management, Walker points
out. In his new job, he assumes
responsibilities for manufacturing
operations, marketing and sales, and
research and development formerly
carried by Wantland, who can now
concentrate on long-term strategies
and finances.
If anyone knows his way around
Tektronix, Walker does. He's a 20year Tek veteran familiar with its
products, people, and goals. He has
also had managerial experience in
almost every area of the company,
including engineering, product planning, and manufacturing. Most recently, he was group vice president
of test and measurement products.
No surprises. Walker's plans—
those he will reveal, at any rate—
contain no surprises. Tektronix will
continue fighting to keep its lead in
oscilloscopes and low- to mediumresolution computer graphics terminals featuring proprietary storage
cathode-ray tubes.
In addition, "we intend to remain
in the high-end device test area but
prefer not to scale down, for example,

Leader. Leading in scopes and graphics
terminals is uppermost in Walker's mind.

to the level of Sentinel," says Walker, alluding to Fairchild's recently
introduced medium-sized system for
testing large-scale integrated circuits
[Electronics, Jan. 4, 1979, p. 161].
"We prefer to stay at the high-end
line where the degree of capital
commitment tends to keep competition down," he continues. Tektronix
will continue to support its logicdevelopment systems area, Walker
says, and he hints that it will probably broaden its logic analysis and
digital test products.

Foster wants Interstate to be
the plasma display source
Plasma displays are making little
headway replacing cathode-ray
tubes for lack of a steady supply of
flat glass panels and because of skyhigh prices—almost $1,000 for the
panel alone, with drive and control
electronics pushing it to $4,000 and
up. But recent moves by Interstate
Electronics have whipped the first
problem, and the second is under
attack, according to Richard A.
Foster, new president of the A-T-0
Inc. subsidiary.
"We're making aserious commitment to the future of plasma
display," says the 43-year-old Foster, who moves up after four years as
vice president of operations and 20
years of total service. What he terms
"our first true commercial display
product" (compared to military versions) will be ready in mid-tolate 1979. It will have a simplified,
more compact electronics package
that can be located remotely. This is
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GWonderland
PMI Takes the Nonsense
Out ofAnalog Multiplexers
Alice's nonsensical Wonderland was full of strange names,
like Gryphon, and the famous Jabberwock. And slithy toves
and borogoves.
In Linear Wonderland designers have asimilar situation—
like the MUX for instance. There are lots of analog multiplexers—and they're as confusing as Alice's Wonderland
when engineers try to compare PMI's BIFET MUXes with
other standard BIFET and CMOS versions. But they know
that only from PMI "OFF" isolation, crosstalk, overvoltage
protection and low cost are available in one component.
They know also that CMOS is known for static blowout
and latch up, but PMI's BIFET technology has protection
right in the chip, without expensive dielectric isolation, external or internal series resistors—or special handling. No other
manufacturer of CMOS or BIFET MUXes offers that.

MUX-08 MULTIPLEXER

TEMP

o

C.

o
o

I:
STRAIN

Part No.

Switching Time
(uSEC. MAX.)

Power Dissipation
(mW Typ. at ±-15V)

100-UP
(U.S. OEM)

MUX-08/24/E
MUX-08/24/F
MUX-16/28/E
MUX-16/281F

1.3
2.1
1.5
2.1

195
120
300
165

$ 7.50
6.40
13.50
11.00

If someone beat you to the coupon, write to us for your no
nonsense MUX literature or circle #200.

10 A
v
TEMP

If you're tired of nonsense, challenge us. See if a PMI
MUX really gives you BIFET reliability and low cost with
break-before-make action. Just send in the coupon for your
free "NO NONSENSE" MUX design information.
Lewis Carroll could get away with nonsense with his
readers, but ours won't put up with it. They know the difference between slithy toves and borogoves. Here's the
speed-power tradeoff table and prices.

SONIC

ritvo]

Precision Monolithics, Incorporated
1500 Space Park Drive

Santa Clara, California 95050
(408) 246-9222 TWX: 910-338-0528 Cable: MONO

JFET

SWITCH

-

ELEMENTS

V

,
,
211
CMOS &TTL
OPTIC

POSITION
VELOCITY

VOLTAGE
CALIBRATE

I

COMPATIBLE
} è
SWITCH SELECT
è

OIGITAL
DECODER

As nonsensical as Linear Wonderland is at times, here's
some no-nonsense talk about the PMI MUX—like crosstalk
and "OFF" isolation at 10 times better than its closest CMOS
competitor, with protection against failure during power loss,
just like the best (and most expensive) CMOS versions.
Switching, at 1.0 psec, settles fast with no ringing. "ON"
resistance is aconstant 300 ohms with protected analog and
digital inputs plus full compatibility with CMOS and TTL.
And, to make upgrading easier, the PMI MUXes are on
industry standard pinouts.
PMI MUX
MUX
MUX
MUX
MUX

08
24
16
28

DESCRIPTION
8Channel
4Channel
16 Channel
8Channel

Single Ended
Differential
Single Ended
Differential

I
— Mail to:
Precision Monolithics, Inc., 1500 Space Park Drive
Santa Clara, CA 95050

Send me some no nonsense MUX data sheets and
application notes.
My name
Title
Company
Dept
Address

PIN COMPATIBLE WITH
DG
DG
DG
DG

508A,
509A,
506A,
507A,

Hl 508A, LF 11508
Hl 509A, LF 11509
Hl 506A, AD 7506
AD 7507, Hl 507A

City

State

Zip

, Phone
3E5090

People

On display. Big price drop is still needed for
commercial plasma displays. Foster says.

Theirs.

Ours.

Can't see the difference? Small wonder. Film capacitors are film
capacitors, are film capacitors. Ours do what theirs do, theirs do what
ours do. Why, then, should you buy ours? Well, they're priced right.
And we do the very best job we can in every way: best materials,
careful manufacture, complete QC. We try for 100% reliability in product
and delivery and we come at least as close as anyone else and closer
than many.
We make film capacitors: metallized polyester, polycarbonate, polypropylene, polyester, polystyrene film and foil capacitors. Very good ones.
We're not a giant and capacitors are all we make. No widgets,
swidgets or other components. Just capacitors. So we can't afford anything but top quality and reliability. But, since everyone claims these
things, we have to be very price competitive as well. We are.
And, we care. About quality. And price. And delivery. We have to
care. So that you will think Seacor and buy our capacitors. We have
a catalog describing the capacitors we make in some detail. It's free
of course. Please write or phone for it. We can arrange samples, too.
Of ours, not theirs.

SEACOR INC.,

123 Woodland Ave., Westwood, N.J. 07675
Tel. (201) 666-5600 aTelex 135354
Circle 16 on reader service card

Everything in Film Capacitors

a big plus, says Foster, since the
panel (12 1
4 inches square and only
/
/ inch deep) will be able to fit into
2
1
tight spaces. Other advantages make
the gas-discharge units attractive as
CRT replacements—simple display,
low power, no flicker. They are also
easy on the eyes.
Potential. Foster sees apotentially
large commercial market for them,
especially for computer terminals.
But his studies show the displays
must be in the $1,000 to $3,000
range to tap the big market. Interstate's commercial unit will come in
higher, but will get down in three to
five years, Foster estimates.
Interstate, in Anaheim, Calif.,
began military versions of plasma
displays (at $6,000 up) several years
ago. It mainly builds test instrumentation for submarines, missiles, and
electronic warfare systems—the
source of $60 million in sales. But it
lost its supply of plasma panels when
manufacturer
Owens-Illinois
dropped the line in 1977. At Interstate's urging, parent A-T-0 financed
a new firm with people who left
Owens-Illinois.
Foster's charter with Interstate is
to push diversification out of military work, and panel business plays
an important part. Indeed, one of the
reasons he reportedly got the job was
that his predecessor, David T. Scott,
moved too slowly in this area. Foster
has great expectations for plasma in
1979, hoping to sell $6 million in
displays, initially in military units.
"We want people to recognize us as
the source of plasma display technology," he says.
D
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Now we've put
Teledyne technology
in this popular SSR package

If you have been designing around this solid state relay
package simply because of multi-source availability, this is important news. You don't have to settle for less than the best anymore.
Now you, too, can reap the benefits of Teledyne SSR technology.
For instance, the Teledyne 615 features a405- reduction in
component count. We don't need to spell out the cost and reliability
advantages that gives you.
No black magic. We do it by using ICs to replace asignificant
part of the discrete circuitry. We designed the ICs ourselves. We
build them ourselves. That gives us an exceptional degree of
quality control. And it gives you reliability and performance you
can really count on.
The Teledyne 615 Series is available in 10, 25 and 40 amp
versions. Contact us for full technical details or see your local
Teledyne distributor for off-the-shelf delivery.

0' TELEDYNE RELAYS
12525 Daphne Avenue, Hawthorne, California 90250 •(213) 777-0077
Circle 17 on reader service card
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e Circuit Board Testing Update/No. 1in aseries from Hewlett-Packard

THINGS TO CONSIDER BEFORE YOU MAKE A DECISION

Is automatic testing apanacea? With
today's PC volume and complexity,
it's not so much apanacea as it is a
necessity. But to implement atest
solution requires athorough understanding of the available test systems
and your production environment.
When to test?
That's as important as how. The cost
of fault identification increases dramatically with each production step.
Thus, you want to catch faults as early
in the production process as possible,
but it doesn't necessarily follow that
extensive incoming parts inspection is
the answer. Your real goal is high
turn-on rates in final test. That demands high-yield PC boards. And as
the diagram below shows, several
factors including good parts go into
high-yield PC boards.

Good Parts

Good Boards

Good Workmanship

Proper Handling

High
Yield
P.C.
Boards

A PC board assembly process will
produce anywhere from 20% to 80%
good boards. A typical number is
60%. Of the faulty boards, afault spectrum might look like this:
Opus&mil
Good
Boards
From
Assembly
Process

Compounds
Monde Palle

11,••••••••••••.

Fouls,

Wrong ParIs

Shone

With agood board yield of 60% and
no PC board testing, even asimple
product with five boards would overload final test. Nine out of ten units
would fail. This makes board level a
good place for thorough testing. For
this is the first opportunity to locate
faults across the entire fault spectrum.
But which tester is for you?
Choosing acircuit board tester.
There are no simple answers to selecting an automatic circuit test system.
But, from our experience, we know that
these are some of the factors involved:
Production yield, test yield, fault
spectrum, PC volume, board type,
and anticipated new products.
Will the system test for the spectrum
of faults that you will encounter?
Will it generate component level diagnostic information? Will it test present
and future board types and do it fast?
Is it easy to expand and adapt to
changing requirements?
What are the true costs? How much
time and effort is involved in programming, debugging, fixturing and
training? And will you get prompt,
competent service if you need it? HP
can help you answer these key
questions.

In fact, we were spending such large
sums on dedicated equipment and
manual test stations that back in 1970
we developed an automatic circuit
test system called Optest I. This system,
along with its more recent companion
Optest II, is still in operation today.
Optest Iand Optest II are now testing
over 100,000 printed circuit boards
annually. Our new circuit test system is,
in reality, athird-generation product,
which originated from over eight years'
experience in actual in-use operation.
Today, HP is using 46 of these new
automatic test systems within our own
plants.
The case for in-circuit plus
functional testing.
The marketplace has many potential
test solutions. You can choose from
simple shorts testers to completely
automated systems. From testers that
measure components in-circuit to functional test systems that verify dynamic
performance of complete circuits.
HP's new 3060A Board Test System
($74,000* for standard operational
system) is an advanced system that
combines the latest in-circuit technology
with functional testing. It includes a
comprehensive software package for
fast program development. It is a
proven package, which combines ease
of use with flexibility to handle tough
test problems. The addition of functional testing to in-circuit testing may
provide arelatively small increase in
board yield. But that small increase can

Over two million boards worth of
experience.
HP's new Automatic Circuit Test
Systems are the result of our extensive
in-house experience with automatic
circuit testing.

3060A
14P—When y. depend en bçpc

ON AUTOMATIC TEST EQUIPMENT.

result in large improvements in product
yield, as shown below. For example,
in aten PC board product, increasing
board yield by only 8% (from 90%
to 98%) will leverage product turnon rate from about 35% to 80%. That's
alarge payoff, and an excellent reason
to consider HP's 3060A.
PRODUCT YIELD VS. PRODUCT COMPLEXITY

The standard 3060A has afull set of
analog and digital functional testing
tools for testing most analog, digital or
combined boards including at-speed
testing of microprocessor-based boards
using signature analysis techniques.
Some boards, such as large complex
logic boards, will benefit from the use
of HP's DTS-70 Digital PC Board Test
System ($90,350* for standard
operational system). This simulatorbased tester tells you how effective
your test programs are and identifies
the portion of the circuit not completely
tested. This is important feed-back
peimitting better program development
A useful tool in R&D, the DTS-70
can model your designs and help you
produce better products. Your test
engineer will appreciate its ability to

Product Complexity (# of Boards)

DIS-70

model feed-back loops, find open
traces and identify intermittent faults.
Just as important, the DTS-70's
power and flexibility comes from its
controller, the HP 1000 Computer
System. Using aReal-Time Executive
operating system, you can simultaneously test PC boards and develop
new programs. As your testing needs
expand, two more test stations and
several programming terminals can be
added without the expense of additional computer power. The operating
system is compatible with data-base
management software to keep track of
your test data and help you better
manage your production. The DTS-70
will easily fit into your long range
computer network plans providing
distributed processing and communication to your data processing center.
The bottom line.
Can automated PC board test equipment
save you money? Again, there are no
simple answers. But it has saved us
money and chances are it will save
you money, too, if any of these conditions exist in your plant: high PC
volume, complex boards, production
testing backlog, low turn-on rates of
complete systems, high in-process
inventory costs and high warranty
costs.
Your production operation is unique,
but we can help you characterize it
by comparing the cost of testing, or
not testing, at each level to arrive at
your best test resource allocation.
Let us help you answer these key test
questions. Call your HP field engineer
today.
•Domestic U.aA price only.

HP Circuit Testers—
The Right Decision

HEWLETT hPACKARD
P.O. Box 60001. Loveland, Coleado 80537

For assistance call Washington (301) 944-5400. Chicago (312)
255-9800 Atlanta (404) 965-1500. Los MO« (213)877-1282

Circle 19 on reader service card

VAX 32-bit software.
It lets you write your programs
in record time.
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Compared with every
other 32-bit OEM computer on the market,
Digital's VAX-11/780
doesn't only run faster.
It programs faster too.
And the reason is
simple. The software.
The VAX-11/780 comes with the most
comprehensive, most powerful set of
32-bit development tools ever offered to
the OEM. Compilers. Linkers. An on-line
HELP command. A symbolic de-bugger
that can print out in familiar decimal notation, as well as binary. Editors that create
new files while keeping prior versions
available.
In addition, the VAX/VMS operating
system is designed to do many of the things
that would have to be written into the application program on other machines. It
gives you features like areal-time scheduler.
Automatic or user-controlled memory
management. Built-in network protocols.
And afile system that can access data any
way you like. Since the operating system
can do more, you do less —and deliver to
your customer sooner.
With over 800 man-years of development behind it, VAX software is also incredibly reliable and fully mature.
The VAX-11/780.
It programs like it runs.
EJ Please send your new VAX OEM brochure.
O Please contact me.
Name
Title
Company
Address
City

State

Zip

Telephone
My OEM application is.
Send to: Digital Equipment Corporation, PK3/M-56,
Maynard, MA 01754. Or call: (617) 493-9797. In Europe:
12 ay. des Morgines,1213 Petit-Lancy/Geneva. Tel. 93 3311.
In Canada: Digital Equipment of Canada, Ltd. pi _3_15 _9
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How Fairchild
Takes the
Thorns out of
LSI Testing.

Choosing the right LSI test system
is tough. There are many things to
consider, and one of the most important is customer support. Here's how
Fairchild makes the difference. Whether
you buy our Sentry general purpose LSI tester
or our Xincom memory test system, we'll back
you with the largest and most professional
service and support team in the industry.

Applications Engineering. Our team of applications specialists will program our systems
to give you all the information you need about
how to test your device. Whether you buy a
system or not. If you do buy, all that information
and programming are yours.
A world of training. Even the
best system is only as good
as the people who run
it. To make sure your
people know everything they have to about
LSI testing, we've
built the largest and
most comprehensive
training center in the
world. With every
Sentry or Xincom
system, you're
covered with
course credits.
Even before your
system is installed,
your people will learn
operation and maintenance, basic programming and assembly
language. They can
also take special courses in
programming and advanced
LSI testing techniques. And
they'll get all the hands-on training
they'll need in our test lab.
On-site preparation.
While your people are training
at one of our centers in the U.S.,
Europe or Asia, our engineers are at your
plant helping you get ready for delivery. Our
product specialists help you find the best
locations for your system. They make sure all
your device programs have been checked
out. And they make sure your system gets
up and running fast.
Service is our specialty. No matter where
you are, we've got you covered. More than
100 field engineers around the world assure
fast response whenever you need help. You
can choose from avariety of service con-

tracts. One gives you complete calibration
and servicing, free parts replacement and a
guarantee to be there within 24 hours. Another
provides a spare parts kit that offers even
faster turnaround. And if your operation needs
it, we can provide a resident service or
applications engineer.
We won't let you forget. If you need additional
or special training, we can help. Our programmed learning center offers video tapes,
audio cassettes and special workbooks.
On-site courses can also be arranged. Nearly
a hundred application notes are available to
help you solve almost any LSI testing problem.
There's even a User's Club, which gives you
a chance to exchange programs and experiences with others in your field.
There's more. Whether you choose Sentry
or Xincom, we'll make sure you don't get
stuck. We'll help get rid of the thorns all along
the way. Before, during and after your system arrives.
Find out more about Fairchild's total support program. Mail the coupon today.
Or contact: Fairchild Systems Technology,
1725 Technology Drive, San Jose, CA. 95110
(408) 998-0123

Fairchild: First in LSI testing
D Please

have arepresentative call.

El Send your Total Support brochure.
My test needs include

Name
Title
Company
Address
City/State/Zip
Area Code (

_..
)Phone
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Editorial
Are 'they' in trouble?
The language may be different, but the theme
surely is familiar. Japanese newspapers
recently were enlivened with large
advertisements decrying the move to open
phone company purchases to international
bidding. Sponsored by two trade groups of
equipment makers serving the Nippon
Telegraph and Telephone Public Corp., the
ads were headlined "We are in trouble."
"We," it turns out, means not just NTT
and its suppliers but every Japanese citizen.
Should the government decide to open NTT
equipment to general bidding [Electronics,
March 1, 1979, p. 63], the results would be
"devastating," says the ad. "Service expected
by the nation could not be maintained, and
service cost itself would go up." This is a
rough partial translation of the ad, but to
many observers of the telecommunications
industry it must sound like areprise.
Remember the Carterfone decision of
the U. S. Supreme Court, which threw open
American Telephone and Telegraph Co.'s
lines to competitive equipment? That decision
was preceded by manifesto after manifesto
from AT&T arguing such equipment would
degrade the U. S. telecommunications system.
The dust has settled now, and to no one's
surprise (maybe not even Ma Bell's), the
American phone system is alive and well. It
has accommodated itself to equipment from
all over the world—even from Japan.
Implicit in the ad is the notion that NTT
and its suppliers are sacrifices in the tense
trade negotiations. By permitting open
competition, the Japanese government will
satisfy the U. S. negotiators' demands for
greater market access—so runs the
undercurrent.
To put it politely, this attitude is completely
unjustified. Telecommunications everywhere
is agrowth industry with rapid technological
development the order of the day. NTT is no
pawn in the trade debate; it is amajor market
in itself, one that can best be served by
24

unfettered competition. The sooner that
realization comes, the better— for the Japanese
people, as well as for telecommunications
suppliers around the world.
Finally, the specter of technological disaster
needs to be exorcised once and for all. No
one doubts that NTT operates afine voice
and data communications system, with
rigorous demands on its equipment. But so
does AT&T, and outside suppliers are living
up to its requirements.
Fiber optics in the cold light of day
A market research firm not usually known
for its bearish outlook has cast more doubt
on the rapid acceptance of fiber optics. In
"Fiber Optic Technology and Markets,"
New York researcher Frost & Sullivan Inc.
questions the idea that amajor commercial
boom in fiber is just around the corner. Think
more in terms of 10 years, F&S advises.
Indeed, the field is already overcrowded with
competitors touting real or imagined products,
as we pointed out in aspecial report on data
links late last year [Electronics, Dec. 21, p. 89].
Not that fiber won't grow. Frost & Sullivan
estimates that military sales will be worth
$20 million by 1987. Telephony will come
to $22 million and telecommunications to
$10 million by then. As for the fiber-optic—wired
home, sales may not get much higher than
$2 million by 1987.
Let's face it, there are problems. One is .
the lack of long-lasting light sources and good
connectors for easy systems hookup. Even
standards of design are lacking for most
applications.
Yes, fiber optics will take its place in the
electronics industries. But it's not going to
be apanacea nor an overnight bonanza.
Therefore, it is well that manufacturers and
users avoid the hyperbole that blew millimeter
waves and the wired-nation concept out of
proportion.
Electronics/March 15, 1979

PRO-LOG makes it easy
to board the STD BUS.
IntroducingtheSTDBUS,
the simplest bused
microprocessor system
everrnade.STDnneans
Simple To Debug,
Simple To Develop,
Swift To Deliver.
The new STD BUS-8-bit
microprocessor systems built
around astandard bused
motherboard which allows
any card to work in any
slot. Thus you can change the
function of your system, the
memory type, even the

Buy 250 of any one card, and
we give you free the plans for
that card and non-exclusive
manufacturing rights so you
can build it yourself.
In addition to cards, we also
make a1
2 or 1/4 rack card
/
cage. It includes motherboard,
card edge connectors and
mounting brackets.

microprocessor type by simply
exchanging one card for any
other. The STD BUS is 56 lines
wide and is compatible with
Pro-Log's standard 41
/-inch
2
by 61/
2-inch edge-connected
cards.

It's supported by both Pro-Log
and MOSTEK and freely
available to the industry.

Awhole new card series
available for use with
the STD BUS.
Our new 7000 Series 8-bit
systems were specifically
designed for use with the STD
BUS. We have cards ir limited
quantities now, in production
quantities in January.

2-60 PROCESSOR •8085 PROCESSOR
16K BYTE 2716 EPROM MEMORY • 16K BYTE STATIC RAM MEMORY
TEL INPUT PORT CARD • ITL OUTPUT PORT CARD
TTL INPUT/OUTPUT PORT CARD
TRIAC OUTPUT CARD
MOTHERBOARD /
2 RACK • MOTHERBOARD v. RACK
1
•CARD EXTENDER • GENERAL UTILITY CARD • UTILITY DIP CARD
WE ARE DEVELOPING ADIXTIONAL CARDS IN THESE CATEGORIES
PROCESSOR • MEMORY • DIGITAL. le •SERIAL I/O

Every part in our systems is
or soon will be asecondsourced industry standard
which means that if you
produce our systems yourself,
you'll never have to worry
about the availability of solesourced parts. Through cross
licensing arrangements,
MOSTEK will also be building
most of our cards giving you
yet another source of supply.

Learn about the STD
BUS and our 7000 Series
Systems.
Send for our Microprocessor
User's Information Packet.
Pro-Log Corporation, 2411
Garden Road, Monterey, CA
93940. Phone (408) 372-4593.

ANALOG I/0 • PERIPHERAL I/0 • INDUSTRIAL I/O
Watch for announcements as new ca -ds become avallable

PRO-LOG
C O H P ()

H AT I () N

Microprocessors at your fingertips.

"Visit us at ELECTRO 79, Booth 1313 - 1315"
Electronics/March 15, 1979
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Meetings
Corporate-Wide Packet-Switched
Data Networks Seminar, Data Communications
Magazine
and
McGraw-Hill Publications Co.
(New York), Capital Hilton Hotel,
Washington, D. C., March 26-27.
Trends in On-Line Computer Control
Systems, Institution of Electrical
Engineers (London), University of
Sheffield, UK, March 27-29.

OPTICALLY COUPLED
INTERRUPTER
MODULES

29th Vehicular Technology Conference, IEEE, Arlington Park Hilton
Hotel, Arlington Heights, Ill.,
March 27-29.

OPTRON OFFERS
IMMEDIATE DELIVERY OF
NEW, LOW COST SERIES

International Standard X.25 Interface Protocol for Packet Nets and
Related Protocols Seminar, Data
Communications Magazine and
McGraw-Hill Publications Co.
(New York), Capital Hilton Hotel,
Washington, D. C., March 28-29.

OPTRON's new, low cost optically
coupled interrupter module series
combines non-contact switching and
solid state reliability for applications
requiring sensing of position or motion
of an opaque object such as motion
limit, paper edge or shaft encoding.
The new OPB 813, OPB 814 and
OPB 815 consist of agallium arsenide
infrared LED coupled with a silicon
phototransistor in an economical
molded plastic housing. With a LED
input of 20 mA, the OPB 813 and OPB
815 have typical unblocked current
outputs of 2.0 mA and 3.0 mA, respectively. Typical output of the OPB 814 is
3.0 mA with a 10 mA input. The entire
series is available from stock.
Background illumination noise is
eliminated by a built-in infrared transmitting fitter and dust cover in each
device type. The OPB 813 also is
available with a0.010 inch aperture for
high resolution applications.
New OPTRON optically coupled
interrupter modules are interchangeable with similar products as follows:
OPTRON
OPB
OPB
OPB
OPB

813
813
814
814

H13A1
H13A2
H13B1
H13B2

Detailed technical information on
these and other OPTRON standard interrupter and reflective modules, as
well as versions for specific applications is available on request.

OPTRON, INC.
1201 Tappan Circle
Carrollton.Texas75006. USA
TWX-910-860-5958
e 214/242-6571
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Southeastcon —1979 Southeastern
Conference, IEEE, Hotel Roanoke,
Roanoke, Va., April 1-4.
Acoustics, Speech and Signal Processing Conference, IEEE, International Inn, Washington, D. C., April
2-4.
Spring Conference, EIA, Shoreham
Americana Hotel, Washington,
D. C., April 2-5.
Technical Symposium East '79, Society of Photo-Optical Instrumentation Engineers (Bellingham, Wash.),
Hyatt Regency Hotel, Washington,
D. C., April 2-5.
22nd International Electronic Components Exhibition, Société pour la
Diffusion des Sciences et des Arts
(Paris), Parc des Expositions, Paris,
April 2-7.
"The DOD FY '80 Research, Development, Testing and Evaluation Budget
in Perspective," El A conference,
Shoreham Americana Hotel, Washington, D. C., April 3-5.
Specifications of Reliable Software,
IEEE, Hyatt Regency Hotel, Cambridge, Mass., April 3-5.

Seminar on Microprocessor Applications, Continuing Education Program, Pratt Institute (Brooklyn,
N. Y.), Essex House Hotel, New
York, April 6.
Interface '79—Seventh Annual Interface Data Communications Conference and Exposition, The Interface
Group (Framingham, Mass.),
McCormick Place, Chicago, April
9-12.
International Symposium on Computer Architecture, IEEE, Marriott
Hotel, Philadelphia, April 23-25.
16th Annual Rocky Mountain Bioengineering Symposium, IEEE, Fitzsimons Army Medical Center, Denver, Colo., April 23-25.
27th Annual Relay Conference, National Association of Relay Manufacturers (Elkhart, Ind.), Oklahoma
State University, Stillwater, Okla.,
April 23-25.
1979 Photovoltaic Solar Energy
Conference, IEEE and the Commission of the European Communities
(Brussels), Kongresshalle, West Berlin, April 23-26.
Electro/79 Show and Convention,
IEEE, New York Coliseum and
Americana Hotel, New York, April
24-26.
Reliability Physics Symposium, IEEE,
Airport Hilton Hotel, San Francisco,
April 24-26.
Newcom —The 1979 Electronic Distribution Show, Electronic Industry
Show Corp. (Chicago), Las Vegas
Convention Center and Las Vegas
Hilton Hotel, Las Vegas, Nev., May
1-4.
International Microwave Symposium
and Workshops, IEEE, Sheraton
Twin Towers, Orlando, Fla., April
30-May 4.
25th International Instrumentation
Symposium, Instrument Society of
America, Sheraton Hotel, Anaheim,
Calif., May 7-10.
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Finally.
Compatibility.
MOSTEK
4118

With Mostek's
new 8K
static RAM.

I
é

Compatible with ROMs
and EPROMs. Compatible
with microprocessors.
Mostek's new 8K static RAM
offers total flexibility for your
system. Organized as 1Kx8,
the 4118 is anext generation
Micro Memory," available
today.

Micro Memory family which
includes Mostek's 2716
EPROM.

It's aMicro Memory!

It's immediately available!

Designed for 8-bit and
16-bit systems, the 4118 interfaces directly with all present
and future generation microprocessors. A Chip Select control is provided for easy memory expansion and decoding,
and internal latches are
available to latch the Address
and Chip Select inputs. If the
Latch function is not needed,
it can be easily bypassed. An
Output Enable control provides easy user control of the

Electronics/March 15, 1979

bus in all bus configurations.
System design is simplified
with the MX4118.
It's more than common!
With apinout common to
standard 24-pin ROMs,
PROMs, and EPROMs, the
4118 still has more. Access
time is afast 120ns (max.) and
power dissipation alow 200
mW (typ.). The 4118 is the newest addition to our compatible

C) 1979 Mostek Corp

For byte-wide, memory
applications requiring density,
flexibility, and immediate
availability, Mostek's 4118 is
the one to choose. For the location of your nearest distributor, call 214/245-0266, Mostek
Corporation, 1215 West Crosby
Road, Carrollton, lbxas 75006.
In Europe contact Mostek Brussels; phone (32) 02/660.25.68.

MOSTEK.
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Mostek distributors.

Advent Electronics
CEDAR RAPIDS, IA
INDIANAPOLIS, IN •

Arrow Electronics
ANN ARBOR, MI'
ATLANTA, GA'
BALTIMORE, MD'
BLOOMINGTON, MN
CLEVELAND, OH
DAYTON, OH
FARMINGDALE, NY•
FT LAUDERDALE,
HAMDEN, CT
MELBOURNE, FL
MOORESTOWN, NJ'
OAK CREEK, WI
SADDLEBROOK, NJ

Bell Industries
ALBUQUERQUE, NM
CHICAGO, II:
DENVER, CO'
SALT LAKE CITY, UT
SUNNYVALE, CA'

Cramer Electronics
DALLAS, TX'
EDINA, MN'
GAITHERSBURG, MD'
NEWTON, MA •
ROCHESTER, NY'
SOLON, OH'
SUNNYVALE, CA'
SYRACUSE, NY'

Diplomat Southland
TAMPA, FL

Ft.Wayne Electronics
FT WAYNE, IN •

Graham Electronics
INDIANAPOLIS, IN

Hammond Electronics
GREENSBORO, NC
GREENVILLE, SC

Intermark Electronics
SAN DIEGO, CA
SANTA ANNA, CA
SUNNYVALE, CA

Kierulff Electronics

Quality Components
AUSTIN, TX'
DALLAS, TX'

BILLERICA, MA'

HOUSTON, TX'

CHICAGO, IL'
DENVER, CO'
LOS ANGELES, CA
PALO ALTO, CA'
PHOENIX, AZ •
RUTHERFORD, NJ'
ST PETERSBURG, FL

R.A.E. Industrial
VANCOUVER, CANADA

Schweber Electronics
ATLANTA, GA
BEACHWOOD, OH
BEDFORD MA*

Lionex Corp.

DANBURY, CT •
HORSHAM, PA'
HOUSTON, TX'
IRVINE, CA'

BOSTON, MA
WOODBURY, NY

LIVONIA, MI'
ROCHESTER, NY'

Olive Electronics

SOMMERSET, NJ
WESTBURY, NY'

SAN DIEGO, CA
SEATTLE, WA'

ST LOUIS, MO

Prelco Electronics
MONTREAL. CANADA'
OTTOWA, CANADA'
TORONTO, CANADA'

Semiconductor Specialists
KANSAS CITY, MO

W.E.S. Ltd.
WINNIPEG, CANADA

•Demonstrafion Center

0 1979 Mostek Corp.

The quick
step to Z80 power.

111

OGet on the fast track to Z80

power with your local Mostek
distributors. They have everything you need, including factory trained engineers and
demonstration centers at many
locations.
Start with our MK 3880
line of Z80 components, industry's most powerful 8-bit
microcomputer family.
Or begin with our MD
Series" of OEM microcomputer boards. It features our
MDX-line of STD-Z80 BUS
compatible modules for building your system one function
at atime. You buy only what
you need, and reduce hardware design time.

butor. Or contact us directly for
Plus you only need one demore information at 1215 West
velopment system, Mostek's
Crosby
Road, Carrollton,'Ibxas
AM-80F," to develop and debug
75006; phone 214/242- 0444. In
software for all our microEurope, contact Mostek Bruscomputer products. BASIC and
sels; phone (32)02/660.25.68.
FORTRAN are also available
for use on the AID-80F.
For components, boards,
or systems, take the quick step
to your nearest Mostek distri-

MOSTEK®
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In logic design, production or service,

Production

If your product or service depends on logic, you
should know about HP's constantly expanding
family of logic-test equipment.
You'll find a wide choice of measurement
solutions designed to make logic analysis, testing,
troubleshooting and servicing easier, more effi-

cient and more cost effective than ever before.
HP logic-test equipment offers capabilities
ranging from hand-held troubleshooting tools to
automated instrument systems ...instruments
for stimulus and instruments for monitoring ...
dedicated instruments and multipurpose in-

depend on HP for your
testing and troubleshooting solutions.

struments. In fact, HP has logic-test equipment
to support products in every phase of your
operation, including design, production
and service.
That's why you should have afree copy of
our new Logic Brochure—complete with many
useful product descriptions and selection guides.
It can help you pick the riguit instruments for
your organization's particular logic testing an
troubleshooting needs.
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tion
tion test: incoming inspection, board
est and system test. These logic testers are designed to help you verify performance and quickly

isolate faulty components and assemblies.
They're your assurance of component quality,
board test efficiency and system reliability. And
they can help you maintain high product quality,
meet delivery schedules and control production costs.
.In service, HP offers an array of
portable instruments to arm field service personnel, plus versatile bench
- instruments for plant and depot service
facilities. Put these vital logic-testing and troubleshooting tools in the hands of your service engineers and technicians for easy detection and
isolation of logic malfunctions. You'll speed
installation, maintenance and repair in a wide
variety of digital systems.
Find out more about HP's logic family by
sending for our free Logic Brochure today. It
includes product application descriptions plus
selection guides so you can zero in on the required instrumentation for your organization.
Just fill out and return the reply coupon. Or, for
immediate assistance, contact your local HP
field engineer.

HP—When you depend on logic

Please send me afree copy of
the HP Logic Brochure.
Name ____
Title

HEWLETT

PACKARD

Company _
Address

1507 Page Mil Road, Palo Alto, Cal,fornia 94304

Fa/

SSIS141.. COR Washegton

pol) 948-8370. Ch.ego (312)

City/State/Zip.
Mail to: Hewlett-Packard, 1507 Page Mill Road, Palo Alto,
California 94304

E 3/15/79 .1

255-9800 Mania (4041-955.1500. Loe Angeee (213) 87 ,-1282
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When you're small
you've got to be tough to last.
This rugged little A
1-watt fixed resistor (.145 L x .062 D) is hard to beat in durability. Its the
Type BB...part of a family that has passed nearly 800 million unit test hours without a
single failure. It's small enough to be mounted on .300 by .100 hole centers, eight
in the same space as one dual in-line package. It takes transient pulses that would
knock out most any film resistor of similar dimensions. Performance is exceptionally consistent from one resistor to the next. We have the space-saving
resistors you need. Our distributors have them when your need is now.

/2eleWeleie
Proved in nearly 800 million unit
test hours without failure.

TCR

characteristics offer outstanding protection against
transient surges.

typically less than 200 PPM over
normal operating temperature range
of +15°C to +75°C

Quality in the best tradition.
AB
\mile/
Circle 32 on reader service card

ALLEN-BRADLEY
Milwaukee. Wisconsin 53204

Electronics newsletter

MC14-1000 redesign
seeks to hurdle
yield obstacles

Bubble memory
t
ester coming
from Xincom

Linear IC tester
checks more than
3,000 device types

Ti prepares
to ship 1-Mb
bubble boards

Electronics/March 15, 1979

With acrash program aimed at asilicon-gate redesign of its MC14-1000
microcomputer, Motorola is hoping to correct a severe backlog that has
arisen from yield deficiencies with the company's metal-gate version of the
4-bit complementary-mos machine. Limited samples of the silicon-gate
redesign may be available late this month, says an official at the firm's
Austin, Texas, integrated-circuit operation. In going to the denser silicongate technology, Motorola expects to be able to move the part quickly
down the learning curve. That has not happened with the metal-gate
version. The result has been supply problems for customers whose lowpower applications can't use the n-mos or p-mos versions of the popular
TMS1000 design supplied by other firms.

With memory device testing leading the way, the automatic test equipment market is living up to predictions that it will enjoy ahealthy 1979.
The latest evidence is the first crop of bubble memory testers, one of which
is coming from the Xincom division of Fairchild Camera and Instrument
Corp.'s Test System Group in Chatsworth, Calif. The new Xincom tester
will be able to operate as a stand-alone unit or interface with the host
computer of alarge Xincom test system. Fairchild hopes to introduce it at
the Semicon West show that is scheduled to be held in San Mateo, Calif.,
May 22-24.

Built around two microcomputer chips, GenRad Inc.'s new model 1731
linear integrated-circuit tester may be one of the most comprehensive
systems on the market even though it fits on a benchtop and costs only
$22,900. With a Z80 chip to control its test, calculation, display, and
keyboard functions and a Rockwell 6502 to control its tape-drive functions, the Concord, Mass., firm's model 1731 checks out operational
amplifiers, voltage comparators, voltage regulators, voltage followers,
and current mirror op amps — perhaps more than 3,000 device types.
Software, stored on magnetic-tape cassettes, specifies program generation and entry plus system setup. The test software literally prompts
operators through the correct sequence of tests; because it is so interactive,
it could save much of the personnel component of testing costs. But the
initial payoff will be alevel of performance and features similar to those
found on systems with six-figure price tags.

Texas Instruments Inc. says it will begin limited shipments during the
second quarter of a 1-megabit magnetic-bubble memory board and assodated controller board for purposes of evaluation, prototyping, and small
production runs. Expected to find early use in industrial control systems
and small data-processing applications, the bubble board will be the first
to incorporate TI'S 256-k bubble memory chip —the TIB0303 —
announced last August. With four TIB0303s on it, the 11-by-7 1
/-inch
2
board is designed to work with the controller board as ageneral-purpose
operating subsystem —expandable to an 8-million-bit system — for use not
only with the company's microcomputer and minicomputer lines, but with
other manufacturers' machines as well.
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AMD readies
programmable
power controller

CBS to test
French and British
video text systems

Addenda
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To protect the sensitive parts of computer and memory systems, Advanced
Micro Devices Inc., Sunnyvale, Calif., plans to come out this summer with
apower supply controller chip that features these programmable functions:
delay and rise time for the power supply, ±5% or + 10% over-voltage
protection, current limit detection, delays for over-voltage and overcurrent shutdown circuits. Moreover, the bipolar AM6800, due to be
shipped in sample numbers in May, also monitors the power supply and
informs the computer of the status. The device is TTL-compatible and is
housed in a 20-pin dual in-line package. It also boasts a 2.5-v reference
characterized to within 0.25%.

Will it come down to ashootout in St. Louis? The CBS Broadcast Group
will conduct technical tests of the rival British and French television text
information services at its station there, KMOX-TV. Planned tests of the
French system, Antiope, have been discussed [Electronics, Jan. 18, p. 33],
but plans for the face off with the incompatible British Teletext system
emerged only when CBS filed with the Federal Communications Commission for authority to conduct the over-the-air tests. Because special decoders are needed for the signals, sent on one line of the Tv-field blanking
interval, the tests will not interfere with home viewing. CBS Broadcast
Group president Gene F. Jankowski says the tests are "an effort to
determine which system will provide the best and most reliable teletext
service."

Now that Bell Canada has afull-feature fiber-optic system operating in 40
Toronto homes [Electronics, Jan. 4, p. 33], Manitoba telephone, which is
independent of Bell, is going to wire 150 homes in the rural Manitoba
town of Elie. The $6.1. million feasibility study —there is no similar
project in the U. S. — will offer multichannel television and fm radio plus a
variety of other services. ...Dictaphone Corp. of Rye, N. Y., is jumping into the market for pocket-size dictating machines with an 8-oz unit
that offers such features as fast forward and fast erase. Using the
minicassette developed by market leader NV Philips, the Dictamite costs
$195. ...Solid State Scientific Inc. of Montgomeryville, Pa., has
agreed to sell its Radio-Frequency Transistors division to DuMont Electronics Corp. of Clifton, N. J., awholly owned subsidiary of Thomson-csF
of France. The division will be renamed the Solid-State RF and Microwave
division and will sell French-made high-frequency devices in the
U. S. ...As part of a $160 million demonstration program subsidized
by the Department of Energy, New York City's Consolidated Edison Co.
has purchased 40 electric vehicles, modified AMC Pacers, from Electric
Vehicle Associates of Cleveland, Ohio. The cars are powered by 20horsepower, scR-controlled dc motors and 20 lead-acid batteries rated at
145 ampere-hours. ...General Motors Corp. has agreed to purchase at
least 7,000 commercial video-disk players from Universal Pioneer Corp.,
the joint venture of Pioneer Electronic Corp. of Japan and MCA Inc. of
Universal City, Calif. ...Look for Texas Instruments Inc. to secondsource Intel Corp.'s codec. Such abig-name alliance should go along way
toward breaking down the reluctance of telephone companies to switch to
solid-state devices... Actually saying for the first time that it plans to
market a home computer, Texas Instruments has asked the FCC to
temporarily consider rf modulators and video sources as separate items.
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It's the great Codec-based
transformerless
telephone subscriber channel unit.
Now, for the first time, alow-power, low-cost,
space-efficient telephone Subscriber Channel
Unit (SCU) without transformer or hybrid circuit
is more than avague hope for the future.
Motorola has developed a unique complement
of three reliable monolithic LSI circuits and three
specially-designed discretes. Our PCM Codec, PCM
Filter. and Subscriber Loop Interface Circuit (SLIC)
will produce the least-expensive, lowest-power,
most-compact SCU for future Class 5 Central
Office. PABX and carrier equipment designs.
Codec and discretes are available. Filter and SLIC
sampling is firm for early 2nd Quarter, '79.

SLIC banishes transformers
It's the SLIC that displaces transformers, saving
both money and space. In it, the MC3419 provides
signal separation for 2- to 4-wire conversion plus
suppression of longitudinal signals at the 2-wire
Input. Two specially-designed power Darlingtons.
MJE270/271, and the MDA220 transient
suppressor complete the circuit. The SLIC provides
hook-status outputs and operates at near-zero
on-hook power. It's the only monolithic semi-

Motorola semiconductors
for digital switching systems
Subscriber Channel Unit
Codec. Filter. SLIC
EPROM,
8K ffi, 16K
ROME%
8K, 16K. 32K ffe 64K
Discrete.
Switchmode power
Schottky rectifiers

Processors
M6800 Family
('6800, '6801. '6803. '6809)
MC290 1A
MC 10800
Dynamic RAM.
4K .ge 16K
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conductor SLIC designed to fully meet Class 5
Central Office specs.
The MC14406 and MC14407 are full-duplex
8-bit companded PCM Codecs designed for 8K
samples per second. The 24-pin MC 14407
provides pin selection of A-law or Mu-law
companding, and the 28-pin Mu-law MC14406
offers two-way LSB signaling. On-hook power
drain is just 1mW. Less than any other Codec.
Like the Codec, the MC14413 PCM Filter is
manufactured with our time-proven standard
metal-gate CMOS process. Both bandpass transmit
and low-pass receive filters are on the chip.
The MC14413 requires no external precision
components. On-hook power use is only 1mW.
Total on-hook power requirement of the entire
card as illustrated is just 10 mW, max. Off-hook
power also is superior. The SCU operates with
the standard -48 V and asingle 12 V supply:,
For information. write Motorola Semiconductor
Products Inc.. P.O. Box 20912, Phoenix, AZ 85036.
Long-term Motorola leadership in bipolar ICs,
power, CMOS and NMOS is your assurance of
our capability and product reliability. We are fully
committed to providing the telecommunications
industry with its requirements for

Innovative systems
through silicon.

MOTOROLA INC.
Circle 35 on reader service card

35

The
easy
installment
plan.

36

Electronics/March 15, 1979

An exploded view ofour pre-assembled multidigit LED displays.

Installing LED's one at atime isn't avery
bright idea.
Not when you consider that National's
two and four digit displays can considerably
lighten-up your workload. First of all, our
circuits are all on PC boards designed for
soldering, wiring or simply plugging into PC
connectors. They have LED die already prematched for brightness. So you don't have to
test brightness digit by digit.
All duals and quads are end-stackable.
And come in sizes that fit most anything. 0.37
0.5"and 0.7"digit character heights. And with
common anode, common cathode, multiplex
and direct drive configurations.
Put all these time and work saving features
together and you have the bottom line to this
easy installment plan. It'll save you money.
So ask about our dual and quad LED's.
Unless you enjoy making work for yourself.

-

1

.
1

National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
Gentlemen: Sure, I'd like to save
myself some work and money. Please
send me further information about
National's LED's.

Name
Title
I Company Name
I Address
State ______
Zip
LcitY
M National Semiconductor
E 3/15 9-4
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Samtee Electronic
Hardware
SAM SHINE, PROP

NEVER 1\
SURCHARGE

\\

."

GUA RANTEED

PRICING

no surprises

GOOD
DELIVERY

when
promised
"We'll give you old-fashioned personalized service:'
The customer comes first at Samtec ... and our
growing OEM and distributor accounts really appreciate it. We believe that service follow-up, delivery and pricing promises are meant to be kept
— and we work hard to see that they are.
Why not give us a try and see how trouble-free
personalized service can be?
Get our New 32-page catalog today—complete
with all specs and ordering data. See what a
difference personalized service can make!

DIP Sockets

810 PROGRESS BOULEVARD, NEW ALBANY, INDIANA 47150
PHONE (812) 944-6733

Circle 38 on reader service card

TO Sockets
1978-Samtec, Inc

Cable Strip Connectors

Adaptors
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IC makers ready
converters for
8-bit processors
Motorola, National talk of
one-chip devices that connect
to data bus, simplifying

Data converter makers—most of
them specialized houses whose hybrids hotly contest each other in the
market —are facing intense new
competition. A wave of integratedcircuit makers are joining Signetics
Corp. [Electronics, July 21, 1977,
p. 139] in bringing to market monolithic analog-to-digital and digitalto-analog converter chips that can be
connected directly to microprocessor
buses. All three main-line silicon
technologies—complementary metal
oxide semiconductor, standard bipolar, and integrated injection logic are
being applied to make the parts.
Motorola Semiconductor Group's
Integrated Circuit division will have
three d-a converters by midsummer,
including the 8-bit microprocessorcompatible MC6890, a universal
bus-oriented bipolar model that
needs no external parts to plug into
any 8-bit microprocessor (see p. 40).
Motorola is already selling in volume
the first of its new breed of converters—a blazingly fast, d-a unit that
converts at a speed in excess of 25
megahertz. However, this unit, the
MC10318, which has been on the
Direct connection.

National Semiconduc-

tor's Naked-8 (top)

needs no interfacing

.4

o
ANALOG
INPUTS

NAKED-8
ADP0801

CHIP SELECT
Á
1AD
WRITE
INTERRUPT

o

MICROPROCESSOR BUS

system designers' chores

CONTROL BUS

8BIT DATA BUS

+5V

logic to operate with 8-bit microprocessors
like the 8080. Motorola's answer to a buscompatible d-a converter is the MC6890
(bottom). It catches data on the fly, latches
it, and converts it into varying analog signal.
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National puts all logic on its a-d chip ...
National calls its ADP0801 the first truly bus-compatible analog-to-digital
converter because all the logic to interface with a microprocessor is on chip.
At a price of $2.75 in 100-piece quantities, National believes the part meets
a need for a low-cost a-d converter no one else has addressed, according to
linear marketing manager David Whetstone. With a maximum error from 1/4
least significant bit down to ± 1 LSB, it will replace 10-bit a-d approaches
used to get equal accuracy and costing up to 10 times more, he says. This
was achieved with a new design using a charge-balance comparator and
on-board thin-film silicon-chrome resistive ladder, which in combination
reduce the component count and active area size. The complete converter
uses only 16 discrete resistors, 4capacitor arrays, and 32 switches.
National thinks the ADP0801, which it refers to as the Naked-8 because it
needs no external components, will find volume applications in home
computing, instrumentation, low-end process control, equipment monitoring,
and other areas. National will put the part in production soon.
Other features include a 100-microsecond conversion time, an on-chip
clock generator, a differential 0-to-5-V analog input range, a single 5-V
supply, and compatibility with transistor-transistor logic. Moreover, the 0801
provides the digital output code in atrue 2's complement format.

...while Motorola crams its d-a chip full, too
Motorola expects its universal bus-oriented MC6890 to be its best shot in the
digital-to-analog converter market. According to the company, it will be
loaded with features Motorola thinks will appeal to 90% to 95% of the 8-bit
d-a market. Foremost is an on-board 2.5-volt precision voltage reference for
the laser-trimmed thin-film resistors. This does away with the common
external 10-V references and corresponding potentiometers, says design
engineer Gregory Smith. The monolithic converter also has master-slave
registers, or double-buffered latches, to make data glitches in the processor
transparent to the converter. Settling time is 120 to 140 nanoseconds.
Another feature is a reset pin that overrides stored data and forces it to 0.
Price of the MC6890 8-bit converter, on the market sometime in the third
quarter, is expected to be in the $5 to $7 range, for quantities of 100 and up.
That's as specific as Motorola can be for now.

market since January, is aimed at
video applications, rather than microprocessor applications.
On the analog-to-digital end, National Semiconductor Corp. is providing samples of, and will soon have
in production, the industry's first 8bit monolithic a-d converter with onchip microprocessor-interfacing
logic. Called by National the
Naked-8, the model ADP0801 cmos part (see above) contains the
protocol, signal levels, and bus
timing to interface directly with such
popular 8-bitters as the 8080, 8085,
and Z80 (see diagram). And, with
an additional external logic gate, it
can also hook up to a6800.
In an approach typical of National
to gain a share of the market, the
price will be as low as $2.95 per 100
units in plastic packages. Other

40

monolithic a-d and d-a units are
slated to follow from the Santa
Clara, Calif., chip maker, as well. Its
goal, says National, is to have the
high-volume end of the data-conversion market well covered. In advanced development is a 12-bit-plussign a-d chip that will potentially
have better conversion and accuracy
specifications than the 0801. A 10bitter is also likely, and the d-a end
is not being overlooked either,
according to the company.
As for Signetics, it is filling out its
family of PL. bus-compatible chips
that began with the 2-microsecond
settling time model NE5018 in July
1977. In its new 5019, the Sunnyvale, Calif., company is managing
to reduce the maximum error of the
d-a converter to 0.1% from 0.2%,
making a 1
/ -least-significant-bit
4

part out of the now-available chip.

Moreover, Analog Devices Inc.,
Wilmington, Mass., the leader in
data-conversion products, which has
in the last several years added semiconductor processing capabilities to
its bag of design tricks, has its eyes
on Signetics' 5018. It plans to offer a
functionally compatible device by
late fall. (For about a year, the
company has offered the c-mos
microprocessor-compatible AD7524,
which needs an external voltage
reference.)
For designers of microprocessorbased systems, the new monolithic
converters will simplify their jobs by
incorporating all the logic that they
need in order to interface with 8-bit
microprocessors. In effect, the converters can be just plugged into the
microprocessor bus.
Like National, Motorola is also
ready to leap into the converter
marketplace. "Last year we created
a manufacturing base; this year we
go for market share," says Henri
Jarrat, IC division vice president and
director of bipolar operations, Mesa,
Ariz. This plan, incidentally, applies
across the board to all Motorola's
linear products.
TV in view. Motorola's MCI0318,
which is aimed primarily at television broadcasting systems, is catching on fast, claims Michael Henry,
design manager for linear interfaces.
Especially useful is acomplementary
current output of 51 milliamperes.
"This allows direct driving without
using - an operational amplifier,"
Henry says.
Critical to Motorola's growing
significance in converters and other
linear Ics is its newly established
precision thin-film processing capability—put into operation during
1978— which is finding its way into
many of its linear products, according to Jarrat.
Although Motorola calls itself a
"dark horse" in converters, its d-a
units of the early 1970s, especially
the 8-bit 1508, still sell. But the present program is "a major thrust to get
a leadership position in this market,
which will amount to $70 billion by
1983," Jarrat says.
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DOD will request proposals
next month for VHSIC project
The Pentagon is now ready to roll on
its VHSIC program for very highspeed integrated circuits. In early
April, it will publish its first request
for proposals for nine-month definition studies to be awarded by late
summer. Formerly known as VHSI,
the triservice effort [Electronics,
Sept. 14, 1978, p. 81] is expected to
cost $198 million over six years and
will get under way with up to $6
million this year.
Looking for partners. As the DOD
moves to convert its VHSI concept
into contract dollars, industry interest is intensifying: prime systems
contractors are scrambling to team
with semiconductor houses and universities having expertise in the field.
TRW, for example, is reportedly
teamed with Motorola and is working on lining up both Control Data
and Digital Equipment to handle
systems architecture. It is also said
to be negotiating with California
Institute of Technology and Carnegie-Mellon University.
Hughes Aircraft is talking with

both National Semiconductor and
Signetics, according to program
sources, whereas Fairchild is reported to have discussed working
with such prime contractors as
General Electric, Raytheon, and
Westinghouse, as well as Stanford
University. Rockwell International is
also showing strong interest, but less
is known about its plans.
Loners. A number of other large
manufacturers are expected to go it
alone. Included in that list are such
corporate giants as IBM, Texas
Instruments, and Western Electric,
AT&T's manufacturing arm.
How many proposals does the
DOD expect? "Less than 15, maybe
10," says Larry W. Sumney, VHSIC
project manager in the office of
Leonard Weisberg, director of electronics and physical sciences.
Perhaps the only major semiconductor house not expected to enter
the VHSIC competition is Intel Corp.,
where vice chairman Robert Noyce
(see p. 46) and others have expressed
concern about the program's drain

The payoff for VHSIC
The achievement of truly "smart" military systems and weapons will be one
measure of the DOD's success with its VHSIC program. The second measure
will be dollars saved in systems' life-cycle costs. "Besides savings as aresult
of reduced size, weight, and power consumption," says VHSIC program
manager Larry Sumney, "reliability should significantly increase because of
reduced parts counts and reduced interconnections in electronics systems.
We must have VHSI circuits that are readily available in quantity, atlordable
because they are not custom-designed but broadly applicable."
Sumney lists several future applications areas where VHSIC could pay off.
They include:
• Ground radar that could distinguish between friendly and enemy aircraft
by performing fine-grained intrapulse analysis of radar returns in real time.
• Airborne synthetic-aperture radar able to function during evasive maneuvers and still deliver aradar-guided missile accurately.
• Intelligence receivers able to handle over 1,000 signals and provide highly
accurate direction location yet fit into asmall truck.
• Satellites able to perform extensive on-board processing and reduce the
bandwidth of signals relayed to the ground.
• Accurate positioning and tracking of all submarines in an ocean basin, and
small, low-cost manpacks providing precise positioning and allowing selection and transmission of preset digital messages in anetted system.
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on the industry's already short
supply of good integrated-circuit
design talent.
Asked about such concerns, Sumney notes only that the issue has not
been raised with the Pentagon by
other manufacturers. He points out
that annual semiconductor R&D by
private industry now runs about
$300 million, not counting outlays
by IBM and AT&T. The DOD's
proposed expenditures through fiscal
1980 for VHSIC "will total about $36
million— roughly 10% of what's
spent by industry."
Plans. Each of the VHSIC program's three parts will get approximately equal budget shares, Sumney
says, and run in parallel. Viisic-i is
expected to run for four to five years,
with perhaps as many as six contractor teams striving for circuits with
1.25-micrometer minimum feature
sizes (see "The payoff for vHsic").
Between two to four contractors
would then be selected to continue as
finalists. VHSIC -II will push to
extend the state of the art to submicrometer dimensions, nominally 0.5
to 0.8 ;£m. Both efforts, Sumney
says, will be vertically integrated,
combining circuit design, architecture, software and testing—referred
to as DAST by the Pentagon—with
fabrication, production and systems
demonstrations in asingle program.
VHSIC -III will support the technology developing in the other two
program segments with shorter-term
projects. Labeled the program's
catchall area by some industry
observers, VHSIC -III "is essential to
provide flexibility and stimulate
innovation, as well as attract the
broadest possible group of performers," Sumney explains.
0

-

Peripherals

Data station offers
OEMs flexibility
Is it an intelligent terminal? Is it a
desktop computer? It is almost
impossible these days to tell by its
hardware or its appearance just what
a microcomputer-based system is
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Station master. By supplying lots of software tools along with his model 3500 data
station, Perkin-Elmer's James Folts hopes to
tap many different applications.

designed to do. With current programmability, the same unit can be
set internally to perform over the
entire spectrum of terminal and
computer functions.
That is why Perkin-Elmer's Terminals division has created a new
classification, the data station, for
the desktop system it is bringing to
market. Perkin-Elmer is aiming it at
original-equipment manufacturers,
supplying them with software development tools to assist them in
customizing stations to a host of
possible applications.
Industry giants like IBM and
Xerox are concentrating on supplying large-volume terminals for
applications like word processing,
says James R. Folts, vice president
and general manager of the Randolph, N. J.. division. "That leaves
hundreds of applications they won't
touch, and that's hundreds of opportunities for OEMs to make specialized data stations."
Indeed, market consultants International Data Corp., Waltham,
Mass., predicts the market for applications-unique terminals— for tasks
like stock transfers, mortgage clos-
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ings, and word processing—will hit
$5.3 billion yearly by 1982.
6800 micro. Perkin-Elmer has
built a programmable system, called
the model 3500, around a Motorola
6800 microprocessor. The Terminals
division had already used the 6800 in
previous products, so "several
hundred thousand dollars of software development tools" would have
been scrapped if another microprocessor had been chosen, says Folts.
The secret of the station, which
supports up to 48 kilobytes of
random-access memory, 30 kilobytes
of read-only memory, two singlesided, single-density 5'/4-inch diskettes, and a high-resolution cathoderay-tube display, is its software: its
multiprogramming operating system
offers many software features of
larger systems.
Residing in ROM, the operating
system can support overlapped, device-independent input/output, for
example, and has complete filemanagement capabilities, including
handling fixed or variable record
lengths with direct or sequential
access. The station also has a
command substitution system that
acts as a job-control language to
refer to frequently used sets of
commands with asingle statement.
For programming, Perkin-Elmer
offers a macro-assembler and extended Basic, and a set of utilities

including copying, dumping, and
diagnostic software modules. There
are also five communications packages and adebugging utility.
Perkin-Elmer also tried speeding
things up by modifying the microcomputer architecture in the station
by off-loading the 1/0 tasks from the
central processor and its bus. Instead
of the CPU controlling the uo, the
3500 relies on separate floppy-disk
controller chips from Motorola to
handle the two diskette drives.
Moreover, each drive has an independent direct-memory-access path
allowing concurrent operation.
Making it. Volume production
starts this month. Without diskettes,
the 3500 will sell for $2,995 for 100
or more. A fully configured unit with
two diskettes goes for $3,995 in similar quantities. Display and keyboard
are separate to make it easier for the
OEM to configure the station as a
customer requires.
Following the lead of minicomputer and mainframe companies, Perkin-Elmer includes the operating
system in the system's hardware
price, but prices the rest of its software separately. These one-time
software licenses will have quantity
discounts like hardware, Folts says.
Their prices range from $150, for a
Binary Synchronous Communications protocol in quantities of 50, to
$395 for the Basic package.

Integrated circuits

CDC says Soviets make good chips,
seeks to sell them bigger computers
With 11 integrated-circuit samples
obtained from the Soviet Union,
Control Data Corp. is trying to
convince the Federal government
that Soviet IC technology lags
behind the U. S.'s by only about two
years instead of five and is closing
the gap fast. The computer maker
wants to make the U. S. recognize
Soviet technological advances and
thus permit sale of more sophisticated computers to the USSR.
CDC executive vice president Robert D. Schmidt led a team of the

Minneapolis-based company's executives to the Pentagon at the beginning of March to brief senior
research and development officials
there on the Russian circuits and
turn the samples over for further
analysis [Electronics, March 1,
p. 58]. Long in favor of relaxing
export controls on electronics sales
to Warsaw Pact powers, Schmidt
believes the Office of Export Administration's upper limit of 32 on a
U. S. computer's processing data
rate, or PDR, is unrealistic. This
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New film resistor replaces
precision wire-wounds.

Non-inductive precision
resistors for power
switching circuits.

Caddock's Type TF
Low TC Ultra-Precision
Film Resistors.

Caddock's Type MS
Power Film Resistors.

Utilizing Tetrinox'm film technology, the
Model TF 050 N resistors combine TCs as
low as 5 ppm/°C, values from 2 Megohms
to 10 Megohms and tolerances to ±
-0.1% to
surpass the performance of high-value wirewound resistors.

Caddock's patented Non-Inductive Design
in power ratings from 2 watts to 15 watts
assures minimum voltage transients in all
types of power switching circuits.

Off-the-shelf precision
decade voltage dividers.

Caddock's Type 1776
Precision Decade
Resistor Voltage Dividers.
When used as a10 Megulun input voltage
divider, the Type 1776 family can provide
high accuracy voltage division in ratios of
10:1, 100:1,1000:1 and 10,000:1.
The Type 1776 is available in 14 standard
in-production models, and OEM quantity
prices are low.

High stability Micronoick resistance films
operate to +275°C and years-long load-life
tests demonstrate extended-life stability
better than 0.05% per 1000 hours.

Caddock's monolythic design and noninductive resistance patterns eliminate fragile, 'high-L' coiled-wire construction.
Laser production techniques keep these
Type TF resistor prices below the basic
material cost of fine resistance wire!

For Type 1776 data, circle Number 105.

For Type MS data, circle Number 103.

For Type TF data, circle Number108.

CADDOCK Resistor Technology
solving problems across the board!

High temperature, miniature
axial-lead resistors.

High stability resistors for
very-high voltage control
and measurement circuits.

100 Megohms in a
miniature package.
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Caddock's Type MM
Precision Film Resistors.

Caddock's Type MG
High Voltage Resistors.

The Type MM is afamily of precision film
resistors in amolded silicone case that is
rated at .12 to 3.0 watts and at operating
temperatures as high as +275°C.
Many years of use and testing have
demonstrated outstanding reliability in geophysical 'down-hole' instruments, heart peemakers and advanced aerospace systems.
For Type MM data, circle Number 102.

Caddock's Type MK
Precision Film Resistors.
Precision values to 100 Megohms in aminiature CK 06 case make the Type MK ideal
for low current designs.

High voltage probes and control circuits
make wide use of Type MG resistors for precision high voltage regulation and high voltage measurements.

These non-inductive resistors find wide application in high-impedance analog circuitry.
For Type MK data, circle Number 104.

Long-term stability — plus proven reliability
— have also made these precision resistors
first choice in communications satellite voltage control circuits.
For Type MG data, circle Number 106.

Caddock's latest General Catalog provides complete performance data and
specifications on over 100 models of these outstanding 'problem-solving' resistors.
For your copy, just write or call to Caddock Electronics, Inc.,
3127 Chicago Ave., Riverside, Calif. 92507
(714) 683-5361

HIGH PERFORMANCE FILM RESISTORS
Circle

107 on reader service card
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equals the power of a CDC 170 or
believes they are production models.
171 machine.
Schmidt also conceded that the
The Government computes PDR
company does not know Soviet
from factors such as processing
circuit yields or reliability.
speed, instruction lengths, and storCapable. As Gallup sees it, the
age capacity. CDC estimates the
fact that the Soviet Union "is capaSoviet's Ryad-2 computer models,
ble of manufacturing complex intethe ECS-1060 and ECS-1065, have
grated circuits" is• more important
respective PDRs of 98 and 325.
than advanced production capabiliSchmidt thinks the U. S. could
ty. "The Soviets obviously have
easily raise its PDR upper limit to 75,
developed the semiconductor process
opening up aSoviet market for sales
and know-how sufficient to make
of 100 CDC 172, 173, and 174
devices very close to the leading edge
model computers worth $400 million
of technology."
to $500 million over five years.
cpc's inch-thick technical evaluaAdditional sales for Honeywell, IBM,
tion of the ICs notes significant
and Sperry Univac could raise total
differences between Russian and
computer exports "to four to five
U. S. technology. The best Soviet
times that amount."
device is the 16-K dynamic RAM,
Cocom, the international coordiwhich U. S. companies, now moving
nating committee comprising the
on to 64-K parts, have made for
U. S., its partners in the North
about two years. The smallest
Atlantic Treaty Organization, and
dimension of the device is 5micromJapan, meets in April to consider
eters versus 3 µm in the U. S., he
raising the PDR to 45 for computers
says. And the Russian 4-bit microexportable to Eastern Europe.
processor has no memory on chip,
Public display. The Soviet ICs, the
unlike U. S. 8- and 16-bit units.
first publicly displayed in the U. S.,
Analysis and tests of the Russian
appear not to have altered the Penta16-K memory against Mostek's 4116
gon's views, according to insiders
by cpc's Microcircuits division also
there. Among the 11 circuits, some
show "noticeable differences beof them duplicates, is a 16-K
tween the two circuits" in favor of
dynamic random-access memory in a the 4116. Mask alignments for the
16-pin side-brazed ceramic package
Soviet K565PY3 models A and B
somewhat larger than the Mostek
are inferior to those for the Mostek
4116 model from which, CDC says,
4116P revisions 2 and 3, the report
the Russian device was designed.
says. The transfer gate of the Soviet
This was the only chip CDC tested
RAM, for example, "is shifted from
for electrical performance.
one side of the bit line to the other
Among the ICs physically evaluand the contacts to metal are not as
ated are a4-bit microprocessor and a well centered as they could be."
CI
peripheral controller. They are
complementary-metal-oxide-semiconComputers
ductor devices and are housed in 42pin top-brazed ceramic packages.
Other circuits are a 4-K dynamic
RAM using n-channel silicon-gate
technology packaged in a 22-pin
side-brazed ceramic package and
four emitter-coupled-logic circuits.
If IBM's aggressive price/performCDC calls the latter similar to the
ance approach to the recently
10-K series ECL devices.
announced 4300 series mainframe
Asked whether the Soviet circuits
computers was meant to intimidate
given to the company by the Minisits competitors [Electronics, Feb. IS,
try of Electronics in Moscow are
p. 85], it is apparently not succeedproduction models or advanced proing. Major plug-compatible maintotypes, CDC's Lynn Gallup, manframe vendors have already begun a
ager of East-West technical strategy,
counteroffensive, its most recent
said he was not certain, although he
manifestation the announcement

Plug-compatibles
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earlier this month by Magnuson
Systems Inc. of three new machines
and price cuts on two existing ones.
Before this came Itel Corp.'s new
AS/3-5 machine, made by National
Semiconductor Corp. and pitted
directly against IBM's new 4341.
But an examination of the new
offerings seems to confirm feelings
of industry observers that the plug.
compatible computer game is not as
lucrative as it once was [Electronics,
March 1, p. 81]. However, despite
the apparent squeeze by IBM, executives of plug-compatible competitors
Itel, Magnuson, and National Semiconductor still maintain they can
compete with the 4300.
Magnuson's new units—the
M80/32, M80/42, and M80/43 —
are said to range from 300% the
performance of the IBM 4331 at a
price of $185,000 to 30% over the
4341's performance at $315,000.
These join the almost-year-old
M80/3 and M80/4 machines that
compete against the IBM 370/138
and 148 respectively.
Claims. Magnuson's president, Joseph L. Hitt, says the Santa Clara,
Calif., company's new units offer
users not only price/performance
advantages but also easier expansion
to more powerful computers than is
available from IBM. But is he overly
optimistic?
The M80/3 and 4 were originally
priced about 30% below IBM's and
offered 1.2 to 2 times the throughput, whereas the three new Magnuson units come in roughly comparable to IBM's. Magnuson says its
middle M80/42, for example, has
10% more throughput than the 4341.
But its price of $275,000 with two
megabytes of memory and three
channels is also 5% more than a
similarly configured IBM unit.
L. James Beckman, Magnuson's
marketing vice president, says his
company can deliver sooner than
IBM and by the time IBM begins
volume deliveries of the 4300 next
year, Magnuson will be able to drop
its prices.
Also reflecting the narrowing of
the competitive margins is Iters new
AS/3-5 built by National Semiconductor. ltd lsays the AS/3-5 offers
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Technological leadership.

LSI- 11/2 add-in.
Add the future to your memory.
Now.
Decode 18-bit address.
Recover 3K words of I/O page.
Motorola's MMS1102 add-in module covers your
future LSI-11/2* memory management needs. It is
address selectable on 4K boundaries in a 128-word
address space (decodes a full 18-bit address),
matching requirements of the future as well as
today's 16-bit address.
Up to 3K words of I/O page can be selectively
utilized as read/write memory. That unique feature
is standard, switch selectable.

Extensive parity options.
Other features include optional on -board parity
generation and checking logic, internally
distributed refresh, plus total hardware and
software compatibility with LSI-11/2 and LSI-11*
systems. Low standby power complements the
LSI-11 battery backup feature. The '1102 is built
with industry standard MCM4116 dynamic RAMs.
and with the high Motorola quality and reliability
you expect.

Good for the budget.

Budget tight? Motorola's 32K x 18(16) MMS1102
is the inexpensive way to add the system storage
you need now, with the future on board. Get
off-the-shelf delivery for just $950 (1-5 quantity).
and OEM discounts are available.

Call (512) 928-6776
For immediate price and delivery information, call
Motorola Memory Systems, (512) 928-6776, or your
local Motorola sales office. To get an MMS1102
data sheet, write Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoenix, AZ 85036,
or circle the reader service number.
The MMS1102 is only one of the broad line of
Motorola add-in, add-on memories available now
for new and expanding systems everywhere. And.
leading-edge storage capability is but one of the
many technologies in which Motorola is providing
service to the designers of

Innovative systems
through silicon.
MOTOROLA INC.

'Trademark of Digital Equipment Corp.
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22% higher performance

than

the

4341. Its basic price of $600,000,
however, is about 2.4 times that of
the IBM unit.
But even with the dulled competitive edge, the plug-compatible computer makers maintain that only
non-IBM-compatible computer makers will be hurt by the 4300. Speakers at the IEEE Computer Society's
Compcon Spring '79 conference in
San Francisco earlier this month felt
IBM is creating a market for the
4300 that it will not be able to fill by
itself. This means more business for
the

vendors,

even

with

price/per-

formance close to IBM's. They also
feel the 4300 shows IBM will keep its
existing System/370 architecture,
which has become an industry standard since IBM has an estimated 60%
to 70% of the computer market.

E

Packaging & production

E-beam annealers
are being readied
Heat is a necessary evil in semiconductor making. Manufacturers use
annealing ovens to repair crystal
lattice damage caused by ion implantation, yet the 550 ° to 1,000 °C
temperature of these ovens creates
problems of its own, notably wafer
warpage.
Never

a desirable

byproduct,

warpage will be anathema in the
coming era of very large-scale integration. "High temperatures can
ruin a VLSI wafer," notes Anton C.
Greenwald, director of pulsed electron-beam processing at Spire Corp,
Bedford,

Mass.

With

present-day

lithographic equipment, "you can
kiss submicron geometry good-bye if
there's wafer deformation."
Solution. What looks like the way
out of this dilemma is a precisely
controlled method that heats only
the surface of the wafer, minimizing
lattice deformation. Such a method,
using pulsed electron beams, has
been developed by Spire to the point
where the company is ready to
market equipment.
"Pulsed electron beams heat the
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News briefs
High-speed Marisat service may be near
Prospects are brightening for 56-kilobit-per-second ship-to-shore satellitebased communications over the Marisat satellite system. Satellite tracking of
shipboard antennas during rough seas proved to be no problem, so the
present 2,400-bit /s service could be supplemented as soon as enough users
sign up. Speaking at Intelcom 79, the international telecommunications
conference in Dallas, David W. Lipke, maritime systems engineering director
at Marisat's owner, Comsat, says 56-kb /s tests in the turbulent North Sea
show bit error rates better than 10 -6 attainable 95% of the time with ship
rolls as great as 10 to 15'.
SBS to get high-speed facsimile prototypes
AM International Inc. will develop and build two prototype high-speed
facsimile communications terminals for the Satellite Business System Inc.'s
new domestic network. The helium-neon input laser built by subsidiary ECRM
Inc. will scan two pages a second, while the store-and-forward minicomputer module, made by AM subsidiary Jacquard Systems, will transmit the
compressed bit stream at 8 million bits per second. Los Angeles-based AM
International says production versions will cost about $75,000 each. A less
sophisticated version, for narrower-bandwidth telephone lines, will be offered
in the more lucrative market for 4,800-baud systems.
New Burroughs architecture revamps mid-range
A building-block architecture, new transistor-transistor-logic chips, and
16,384-bit memories are features of two new Burroughs Corp. computers
that boast two to five times the performance of the previous mid-range
computers. The B 2930 and B 3950 central processing units consist of six
modules dedicated through microcode to particular functions that operate
concurrently and asynchronously. The Detroit firm says the new 3950 offers
up to five times the performance of the B 2835, yet is priced between
$230,000 and $399,640, only about 27% more.
NCR replaces its intermediate line
Also modernizing its intermediate line of mainframe computers is NCR Corp.,
with five new machines available in multiprocessor versions. The largest, the
V-8585M, otters 65% more power than the previous V-8580, but at $375,000
is 20% less expensive. The units are all based on 10K emitter-coupled logic
and use 16,384-bit random-access memories. Reflecting the memory price
war shaping up in the computer industry, the Dayton, Ohio, firm prices its
add-on increments at $20,000 a megabyte.
Top executives change titles at Intel
Founders Andrew Grove, Gordon Moore, and Robert Noyce have changed
titles at Intel Corp. The move more closely reflects their duties at the growing
Santa Clara, Calif., microcomputer systems company. In the new lineup.
Grove, as chief operating officer, moves from executive vice president to
president; Moore, as chief executive officer, becomes chairman instead of
president; and Noyce, who represents the company to the financial and
Government communities, moves from chairman to vice chairman.
Riding high, Motorola boosts production capacity
By year's end, Motorola Semiconductor Group's Integrated Circuits division
will have more than doubled its manufacturing capacity, with growth of
capacity in the key n-channel metal-oxide-semiconductor area "exceeding a
factor of three," reports Alfred J. Stein, division vice president and general
manager. Expansion took place at four sites, including Mesa, Ariz., where a
high-density H-MOS facility starts turning out 68000 16-bit microcomputers
and MOS memories in the second quarter of this year. Other new production
will be in Austin, Texas, and East Kilbride, Scotland, for both n-MOS and
complementary-MOS circuitry and in France for bipolar parts. Almost all
Motorola ICs will be made on 4-inch wafers, says Stein.
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Take
your
PIC
...of GI's single chip
microcomputers at
surprisingly low prices.
We've sharpened the cost-effectiveness of our single chip

more money (less than $3.00 each in quantities of 100,000),

microcomputers. Now you have achoice. Our new PIC 1655
with 201 0 lines, or the PIC 1650 with 32 I0 lines. Fewer I0

the PIC 1655 with 20 I0 lines in a28-lead DIP.

lines mean lower chip cost without sacrificing performance
or features. That's right, the PIC 1655 has the same features
that make the PIC 1650 so popular: the same basic architecture and instruction set, so it's just as easy to program.
The same programmable 512 x12-bit ROM. The same 32 x
8-bit RAM registers. And an on-chip oscillator to handle
timing. You get alot of features, but you pay alot less.
When you need aversatile, low cost, stand-alone single
chip controller, it pays to take your PIC. GI's PIC 1650 with
32 I0 lines in a40-lead DIP or, to save more space and even

Whatever your PIC, you can count on GI's engineers to
give you full software, hardware and applications support.
They have cross assembler simulator programs and the
ROM-less PIC 1664 for plug-in circuit emulation using either
PROM or RAM. So whatever your 8-bit single chip microcomputer needs, GI has the PICs to fit them
Eirm
perfectly. To take your PIC and to get afree
away am
copy of our new 1978 Product Guide, call or
wrà
write General Instrument Microelectronics,
600 West John Street, Hicksville, New York
11802, Telephone: (516) 733-3107.
We help you compete.

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS
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BI-DIRECTIONAL
OCTAL BUS
TRANSCEIVERS
WITH 3-STATE
OUTPUT DRIVERS
MITEL's ISO-CMOS' 54C245/74C245
vs
THE HL 54LS245/74LS245
SAVE on Power Supply Requirements
•Wider operating voltage range
3V to 65V VS 5V -±10%
•Lower current drain
1mA VS 100 mA
REDUCE Generated Noise
•Controlled output rise and fall times
>15nS VS <15nS
REDUCE dc Loading of Bus Lines
•Lower Input/Output leakages
10mA VS 1000
NO LOSS in System Performance
•Propagation delays
15 nS VS 12nS
SAME 20-Pin Packages
Contact the leader in CMOS technology
for more information
1745 JEFFERSON DAVIS HWY
SUITE 611
ARLINGTON,
VA 22202
TEL 703-243-1600

MITEL
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semiconductor wafers for annealing. Unit is 3ft in diameter, 15 ft long. Price: $170,000.

surface of the wafer very quickly,"
Greenwald says. "If the surface is
heated quickly enough, the heat flow
through the rest of the material is
very low."
Spire has been working on the
process for several years under a
U. S. Department of Energy contract to develop electron-beam annealing of silicon solar cells. It has
been doing test batches of wafers for
semiconductor makers for some
time. Now it is introducing a
machine for research work, with a
larger one aimed at the production
line in prototype.
Achieving marketable equipment
appears to put the Spire process
ahead of astrong contender for the
same jobs: laser-based heating processes that aim at the same degree of
control and precision [Electronics,
March 1, p. 88]. Theoretically, the
electron-beam approach should produce more pulses per minute because
of the physics involved. Also, the
wafer should absorb more of the
pulsed energy than with a laser,
which involves some reflection because it is alight beam.
Equipment. What Spire has available is a $60,000 Spi -Pulse 300,
intended to introduce the technique
into laboratories and research and
development centers. In prototype is
the scaled-up Spi-Pulse 6000, to cost
about $170,000 when semiconductor
firms begin to order them—as Spire
is confident they will.

Operation of the two models is
essentially the same. From a fieldemission cathode, a pulsed 100nanosecond beam covers the wafer
(up to 3inches in diameter with the
6000; up to IV2 in. with the 600).
The goal is 300 wafers an hour,
provided makers of wafer-handling
equipment come up with holders.
Beam energy and fluence, the
power per square centimeter, are
adjustable to vary the depth of heat.
This adds versatility, because it
permits different operations on different materials.
Annealing ion-implantation damage promises to be the most immediate application for the pulsed electron-beam process. "With E-beam,
you can melt the surface without
puddling it," Greenwald says. "The
regrowth [into asingle-crystal structure] is exceedingly good, and final
crystal quality is as good as the
virgin material."
Other uses. Another use involves
epitaxial growth of semiconductor
films on bare silicon. Silicon films
can be grown at much lower temperatures than the 1,100 °C that is
required in ovens. Another task will
be to form metal welds between
metal contacts and silicon. Tantalum, tungsten, or platinum and the
silicon immediately below may be
fused by heat from the beam.
At least one researcher sees an
exciting application ahead. "The
pulsed electron-beam process gives
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"Cost overruns and rejects
in my harnesses have got
to come down. If you have
amethod that can do it—
and still deliver high quality
assemblies—I'd sure like
to hear about it."

AMP IOTA.
CURRENT VERSUS TEMPERATURE RISE
ABOVE AMBIENT
35
U

30

Er—

Some facts worth knowing about AMP MTA Connectors
Description: A complete wire-to-post interconnection system for .100" or .156"

STRANDED
WIRE

20

á
L l 15
MTA-156
st18 AWG
STRANDED
WIRE

Ff, 10

centerlines, including headers and tooling.

.2

.100"

.156"

5

o
1

Sizes:
Wire Range:
Post Size:
Keying Capability:
UL Current Rating:
UL Voltage Rating:
UL Temperature Rating:

2-28 position

2-24 position

8-22 AWG
.025" square or round
Plug

18-26 AWG

5ampere
250 VAC
—55°C to +105°C

7ampere
250 V
AC

.045" square or round
Plug

—

55°C to +105°C

Where to telephone: Call AMP MTA Information Desk (717) 564-0100. Ext 8400
Where to write: AMP Incorporated, Harrisburg, PA 17105
Product Information: Check Reader Service Number 101

14

MTA-100

LI 25
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7

8
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The AMP Mass Termination
Assembly System is acomplete
wire-to-post interconnection system
for .100" or .156" centerlines,
including headers and an extensive
line of cost effective tooling. It can
deliver 20 wire-to-post connections
as fast as you used to make one.
With the AMP Cable Assembly
Machine, for instance, the MTA
System has been able to mass

To Uhove it now.
terminate both discrete and
ribbon wire at atotal applied
cost savings approaching 40%.
The reasons for this are simple.
The pre-loaded connectors of MTA
increase quality terminations, reduce
labor and drastically reduce rejects.
No wire stripping. No crimping. No
damage to contacts. No worn out
crimp tools to replace. The whole job
is simplified. A one-step
assembly instead of amultiple
operation full of chances for
handling errors and damage.
Once our field engineers help set
up an AMP MTA System, there's
little chance for wiring errors.
It's the modern wire-to-post
interconnection system for .025"
and .045" posts. With acost-effective
story worth investigating.
Want to look into it? See the
opposite page and the page overleaf
for complete tooling details.
AMP has a better way.

...end with
cost effective Moll

g.

A complete line of AMP MTA
Tooling assures acost-effective
assembly, whatever your production
needs.

t'r»Ike»

AMP Harness Board Tooling delivers
low applied cost and high volume
production of complex harness
assemblies. Even daisy chaining. All
wires are mass terminated on the board
so the assembly is completely finished
when removed from the board. No post
operations needed.
For high production needs, AMP
Cable Assembly Machines pull in up
to 20 wires simultaneously and mass
terminate—all in one cycle. A singleended version terminates one end in a
connector, then cuts and strips the other.
A double-ended version terminates
both ends into connectors. Both
feature variable wire length capability
in the same harness.
Connectors are tape-fed to the
AMP Electric Bench Machine for high
volume mass termination of both
ribbon and jacketed cable by foot pedal,
in one cycle.
Air-operated and manually operated
hand tools, as well as an Air Bench Tool,
are available to terminate one wire at a
time for low and intermediate volumes.
Need more details? Call MTA
Information Desk at (717) 564-0100.
Ext. 8400. Or write AMP Incorporated,
Harrisburg, PA 17105.
AMP ts a trademark ol AMP Incorporated
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very uniform annealing for galliumarsenide wafers," says Piero A.
Pianetta, atechnical staff member at
Hewlett-Packard's solid-state laboratory in Palo Alto, Calif.

Charge-coupled devices

CCDs receive
two-pronged boost
There's agrowing contention among
some mainframe computer makers
that the once-bright promise of
charge-coupled-device technology is
in danger of being ended by rampaging n-mos random-access memories
on one side and magnetic bubbles on
the other. But CCD advocates believe
two recent announcements will
pump renewed vigor into the technology: Fairchild Camera and Instrument Corp. is designing a quarter-megabit device for early 1980
introduction, and at this month's
Compcon conference, NCR Corp.
unveiled a novel concept for putting
64-K ccos in packages having only
four pins (see below).
Fairchild's upcoming 256-K part
represents a substantial upgrade
from its current 64-K devices, using
an interlaced-ripple, serial-parallelserial internal multiplexing scheme
that it employs on the 64-K memories, according to Gilbert Amelio,
division vice president and general
manager of the mos products group,

San Jose, Calif. But unlike the 64-K
devices, which require four external
clocks, the new 256-K devices generate two transfer clocks on chip to
free up the two address lines needed
on the 16-pin package.
Shrunken. Fairchild, one of two
remaining CCD vendors in the U. S.
(Texas Instruments is the other), has
also reduced the 64-K part's design
rules to 5 to 6 micrometers in some
cases—close to the shrunken dimensions of 3 to 3.5 Aim of n-channel
metal oxide semiconductors, Amelio
says. This gives the new part an area
of 40,000 mil 2,not much larger than
some 64-K RAms, he adds. The
architecture is organized as 64
4,096-by- 1
-bit blocks, the same size
blocks as in the 64-K memory. The
access time, too, remains the same,
about 800 microseconds for the
worst case, and 400 ts average to get
to any bit in a 4,096-bit loop in the
best of the 5-megahertz parts.
"People who say that CCDs are
being squeezed out by n-MOS RAMs
and magnetic bubbles don't know
what they're talking about," Amelio
declares. "We had an early entry
into the field in 1972, so we had an
early understanding of the marketplace. There are some performance
features offered by CCDs that can't
be touched by RAMS or bubbles."
One of those features, according
to Amelio, is access time for computer applications. "In such applications, where data is being transferred
12 to 18 pages at atime, it's how fast

NCR plans four-pin, 64-K CCD
Intended for bulk memory storage, NCR Corp.'s proposed 64-kilobit CCD
would reside in a 4-pin single in-line package designed to increase board
density, according to Don Lauffer, manager of NCR's technology center in
San Diego. Sixteen of these 4-pin CCDs could fit into the space occupied by
two 16-pin devices, which means that on an 11-by-14-inch board designers
could stuff 1,152 of the packages for over 9 megabytes. With 16-pin
packages, only 144 would fit, for 1megabyte of storage.
According to Lauffer. NCR's concept makes 4 pins do the work of 16 by
integrating some simple circuitry onto the chip to time-share the pins,
eliminating twelve bonding pads and associated input drivers. Two of the
four pins are for power and ground. Another, the "F" pin, is used for the
address, read/write, and data in/out functions. The last pin, labeled "S,"
handles the chip-select and clock functions.
Lauffer claims that by having 4pins instead of 16, the chip's performance
is degraded by only slightly more than 0.1%.
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Like the service and support
you'll get when you purchase a
CT71 Curve Tracer from one of
Teleguipments new stocking
distributors
These distributors offer off-theshelf delivery, service, technical
support, warranty repairs and
credit card purchasing in
selected areas for the CT71 and
the eight oscilloscopes in the
TELEQUIPMENT Instrument
Family . The kind of treatment
you expect when buying lowcost instrumentation
And the scopes themselves feature the value and performance
you'd expect from Telegutpment, adivision of Tektronix
Priced from $495* to $1,995,*
TELEOUIPMENT Oscilloscopes feature dual trace,
delayed sweep, storage. and
battery power, in bench-top.
low-cost, and portable
models Bandwidths from 5MHz
to 25 MHz
Get the facts on Teleguipment
and the people that can help you
get the most out of your instrumentation Write. Teleguipment U.S. Sales. (43/000), PO
Box 500, Beaverton, OR 97077
or call (503) 644-0143
Suggested U S list price

TELEQUIPMENT
Adnesan ol Teknonu U K LId

asubseary ol Teklronnl Inc
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United System?
Indicators Will:
•MEASURE voltage and current; ac, true rms or dc.

•CONVERT the output of any transducer/transmitter to display in engineering units.
•DISPLAY temperature (C or F) directly from thermocouple,
RTD, or thermistor sensors.
•INTERFACE readily into your system by optional "single line
enable" parallel BCD output.
•INDICATE when apredetermined limit is exceeded, through
relay closure or logic level output from optional internal
comparator alarm.
And with United Systems' exclusive adaptors these indicators change, in the field, to perform any measurement
listed above and more!
For additional information contact your United Systems Representative or call the factory (513) 254-6251.

Digirec.

uniTED
SYSTEMS
CORPORATIOn
918 VJoodley Holdl Dayton Oho, 45403
1513) 254-6251 TWX (810) 459-1728

you get the data from one memory to
another that is important." The
block-oriented nature of CCDs is
more suited to this application, so it
is faster than competitive devices. D

Automotive

TI ships Delco
carburetor control
Driven by tougher Federal emission
and fuel economy standards, the
market for semiconductor products
in automotive engine-control systems
is expected to spurt dramatically
during the next few years. Disclosure
of one large pact came late last
month, when Texas Instruments Inc.
revealed a major automotive deal
with General Motors' Delco Electronics division.
Neither company is talking dollar
amounts. But at TI in Dallas, vice
president Charles M. Clough is calling the deal "one of the most significant contracts for semiconductor
parts that Texas Instruments has
ever signed." At least one knowledgeable industry observer notes
that the contract could well boost TI
into second place behind Motorola
among leading suppliers of integrated circuits to Detroit.
Support. Delco is the prime contractor to supply the electronic
control module, or on-board computer, in GM's new C-4 (computercontrolled catalytic-converter) emission-control system. Its parts will
serve as support circuitry for a
microprocessor (most of which will
come from Motorola) in the module.
The module adjusts the air-fuel
mixture in the carburetor on the
basis of signals received from an
oxygen sensor in the exhaust manifold. The C-4 system, which includes
the control module as only one of its
components, is scheduled to be
installed on about 400,000 of Gm's
1980 cars and on all of its expected 5
million to 6million 1981 cars.
The TI devices contracted for
include three bipolar programmable
read-only memories, eight low-power
Schottky logic parts, eight linear

United Systems Corp: Precision measurements to count on
54

Information only circle #54

Demonstration only circle #253
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How to be
16 places at once,
logically

LM-1 Logic Monitor $59.95*

When's the last time
you had anice chat with an
integrated circuit? All you need
is something to translate what's happening in its simple little logical mind.
Something like our popular Logic Monitors.
Clip one onto an IC—any DIP up to 16
pins—and the 16 LEDs atop our Logic
Monitor flash to the rhythm of the state of
each pin. You have, in effect, 16 tiny logic
probes in one pocket-size circuit-powered

instrument.
And, as everyone
knows, 16 LEDs are
better than one. Because
with just aglance, you can see inputs
affecting outputs, awhole IC at atime.
Psychologists call the principle
Gestalt (in short, the whole is greater than
the sum of its parts). You'll call it smart, a
timesaver. We just think it's logical.
CSC for yourself!

CONTINENTAL SPECIALTIES CORPORATION
Corporate Headquarters:
70 Fulton Terr, Box 1942, New Haven, CT 06509
351 California St., San Francisco, CA 94104
(415) 421-8872, TWX 910-372-7992
Canada: Len Finkler Ltd., Ontario
OCopyright 1979 Continental Specialties Corporation
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EUROPE, AFRICA, MIDEAST: CSC UK LTD.
Shire Hill Industrial Estate Units 1and 2
Saffron Walden, Essex CB 11 3AO
Telephone Number: SAFFRON WALDEN 21682
TLX 817477

800-243-6077

•Manufacturer's suggested U.S. resale.
Prices, specifications subject to change without notice.
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control ICs, eight power transistors,
and 32 diodes. Signetics and National Semiconductor, said to be among
other suppliers for the C-4, have
declined to comment.
El

SOLID
STATE
SCIENTIFIC INC.
n e4,0
55,,*
•

Microprocessors

Italians to make
Zilog Z8000

Iknow the next step worries you, Appleby. Why don't
you just call Al Hyman at SOLID STATE SCIENTIFIC
about a custom chip? They've proved they're
the experts on custom circuits.
j
=

CUSTOdlii.a.rf

You'll get abetter product with
our CUSTOM MOS CIRCUITS.
You have an open line to the top, to AL HYMAN.

Call me now, toll free

to discuss your requirements:

800-523-2344

In Pennsylvania Call Collect (215) 855-8400
In Europe TWX 510-661-7267.

WRITE FOR ADDITIONAL INFORMATION ON
THE MANY SIDES OF SOLID STATE SCIENTIFIC:

SOLID
STATE
SCIENTIFIC INC
Montgomeryville. Pa.
lsZA 18936

E

Marketing Manager
I
Custom MOS Circuits

D pMOS 1800 Microprocessor
DT/pMOS Systems
D pMOS Memories
HI Rel MOS
D Data Communications

39

El
D
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Display Drivers
Security ICs
4000 Series
Timekeeping
RF Transistors

Circle 56 on reader service card

1978 EBG!
Completely new listings of
catalogs, new phone numbers,
new addresses, new manufacturers, sales reps, and
distributors! The total market in
abook—four directories in one!
To insure prompt delivery
enclose your check with the
coupon now.
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Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me
copy(ies) of 1978 EBG.
D I've enclosed $25 per copy delivered in the USA or
canada.
I've enclosed $35 per copy for delivery elsewhere ($47
if shipped by Air). Full money-back guarantee if returned
in 10 days.
Name

O

Company
Street
L

Çity

State

Zip

Chalk up another one for Zilog—
another second source, that is. SGSATES Componenti Elettronici spA,
Italy's largest semiconductor manufacturer, has agreed in principle to
become a supplier of the I
6-bit
Z8000 microprocessor in Europe,
which the Cupertino, Calif., firm
began supplying in sample quantities
March 1. The Milan company will
also produce the older Z8 single-chip
8-bit microcomputer, as well as the
peripheral circuits for the Z8000,
which include a memory-management unit, buffer memories, serial
and parallel input/output chips, and
random-access memories. SGS-ATES
obtained the rights four years ago to
build Zilog's 8-bit Z80
With Advanced Micro Devices
Inc. already a second source for the
Z8000, Zilog has two. That's as
many as Intel Corp. has for its I
6-bit
8086. Intel, in Santa Clara, Calif.,
has so far won second-source agreements with Mostek Corp., Carrollton, Texas, and Siemens AG of
Munich. Both agreements spurred
controversy—the one with Mostek
because the company had earlier
agreed to make Zilog's Z80 [Electronics, Nov. 23, 1978, p. 46], and
the other because Sieinens had
previously formed a company called
Advanced Micro Computers with
AMD [Electronics, March I, p. 48].
Texas Instruments has on its side
American Microsystems Inc. for its
9900. Standard Microsystems Corp.
also has rights to make Ti's 9980,
but so far has opted not to build any.
Other I
6-bit devices—the 9440 from
Fairchild, the 68000 from Motorola,
and a device coming from National
Semiconductor—have no official
second sources yet.
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Come Forth. A Series Showing
What Can Be Done With A Sharp Software Tool.

"We
needed a
software tool
that would
give us
direct control
of ahighly
interactive
system'
"We build Remote Switched
Access Systems which provide
circuit testing for Bell and
Independent telephone companies nationwide. Our SAS is
amicroprocessor-based interactive test system with sophisticated diagnostic capabilities.
The operator uses the terminal
to call and test any circuit in the
network. The software we developed to run our SAS was
originally written in assembly
language. It took avery talented
programmer six months, 80
hours aweek to write. Plus six
months additional staff time.
It hadn't been out in the field
very long before our customers
started requesting special
routines and tests, all sorts of
modifications. We tried every
assembly language trick we
could, but we couldn't modify
the program economically."
—Gambera

"We had acrisis
on our hands'—Morris
"We looked at Basic, Fortran, Pascal.
They were all too complex. Then we
looked at FORTH's micro package.
At first we were skeptical. But we
were faced with an urgent need. We
figured 'What do we have to lose?
If FORTH can do what they say, we
can make it''?
Electronics/March 15, 1979

compiled FORTH in one day.
It would have taken aweek in
assembler. And something that might
take 30 hours to debug in another
language takes two hours in FORTH.
Editing is extremely simple"?

"FORTH gives us the
nuts-and-bolts control of
Assembler without all the
tedious coding!'—morris

••::',-,-.....
.•
....."" .
•.
e
Armand Gambera, Engineering Supervisor/
Portable Products. Larry Morris, Engineering
Supervisor/SAS Systems. Telecommunications
Technology, Inc., Sunnyvale, CA.

"My advice to others is:
'Try It1"—Gambera

"Within two days
we were writing routines
in FORTH that would have
taken two to three weeks
to write in assembler!' —Morris

"You won't believe it until you do.
We all know how stubborn people
can be when it comes to trying something new. Engineers can't afford to be.
If atool works, you use it. FORTH
works for us. We wouldn't consider
going back to assembler or switching
to some other high-level language.
We're sold on FORTH. We only wish
we'd tried it sooner."

"That's when we decided to use
FORTH. We were impressed by how
quick and easy it is to use. A good
programmer should be up on it in
two days. We had all kinds of fun.
Inside amonth we were really
confident with it'?

"Engineers can't afford to be
stubborn about trying new tools.
If it works, you use it'.'

"In three months, two of our
people completely rewrote the
program with significant
enhancements:'—Gambera
"We couldn't have delivered on our
commitment without FORTH. Everyone in our organization is now using
it for all but the most trivial routines'?

"It's amazing the impact
programming speed has had on
our ability to work-with
customere—Gambera
"FORTH programming is fast. We can
be much more responsive now.
FORTH's programming speed more
than offset the cost of rewriting our
first program. Target-compiling and
de-bugging are quicker too. We target-

"FORTH gives us better control over
run time. It's very close to the microprocessor in terms of definitions so
you can configure as you like, right
at the hardware level. That's especially
important to us since we have alot of
interfaces, alot of driver routines.

FORTH is astand alone operating
system and multi-level language for
minis and micros. We also offer
contract programming services. For
full details or for information on a
FORTH seminar in your area call
(213) 372-8493 or send the coupon
attached on your company's letterhead.
17)K, I'm interested!
0 Please rush full details on:
_microFORTH for tiP development
_miniFORTH for minicomputers
_fixed price applications
programming services
D Contact us for immediate
requirements
Phone: (
0 Send dates and locations for your
FORTH Seminars.
Name
Title

FORTH, Inc

FORTH, Inc., 815 Manhattan Avenue,
Manhattan Beach, CA 90266.
Circle 57 on reader service card

57

Everything you need
making custom
4-10
Weeks

A .Concept

Review

When to go custom. When asingle
custom circuit can replace hundreds of
individual components, the benefits are
obvious. But the cost of developing that
single custom circuit is high, and only
becomes practical if the volume you will
actually use is significant. At Synertek,
the first stage in custom circuit evaluation is acost-versus-volume analysis.
Some applications, such as digital
watches, would be impossible without a
single custom circuit. In other cases, the
performance and reliability advantages
may outweigh the initial higher cost considerations. In any case, it's asimple
matter of economics. With fewer parts,
lower assembly and inventory costs,
smaller size, less weight, less heat to
dissipate, greater reliability and acompetitive edge to help build that crucial
volume requirement, savings are enormous in asuccessful custom program.

B.System

Definition

1-4
Weeks
C.
MOS

Logic
Design

D.

Circuit
Design

6
Weeks
I. Breadboard
Design &
Documentation

Breadboard
Fab

Getting there on time. You can't afford
to wait the normal 26 weeks development time, and then find the end product
doesn't do the job. At Synertek, we have
Our customers participate in design
meetings and are urged to attend the
periodic design reviews. A fully functional breadboard is built for each custom
circuit. Where any possible doubt is
felt about the original specifications,
the customer is urged to work with the
breadboard in his own systems for

the development stages down to a
science. We provide complete working
level interface between your product
development group and our custom
circuit specialists. Every step of the way.
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to know about
circuits.
8-14
Weeks
E.
Composite

Design

_el

2-3
Weeks

6-9
Weeks
F.

Mask
Fabrication

G.

2
Weeks

Wafer
Fabrication

Breadboard
Approval
(Customer)

Which process to specify. Whichever
does the job best, and most economically.
Our standard product lines are implemented in N-Channel, P-Channel,
CMOS, Ion Implanted Silicon Gate with
or without Depletion Loads. All are
available now for your custom circuit
from Synertek.

hands-on review by his own product
development and marketing people.
To date, we've produced over 200
custom circuits for advanced electronic
products covering an incredible array
of applications. Our record of delivering on time, in specification, is excellent.
We will gladly provide customer references on request.

It's your circuit, and your circuit alone.
You need that confidence. And Synertek
provides it. Our expertise is in MOS
circuitry. We guarantee the proprietary
nature of your Synertek custom circuit.
How we do it. We possess one of the
outstanding custom circuit groups in the
country. and one of the very few completely dedicated to custom work. Our

custom group draws on resources and
experience gained in producing a
tremendous volume of standard MOS
circuits and duplicates every facility and
resource applied to our standard line.
In spec. in production. at the right price.

Synertek, Inc.
3001 Stender Way
Santa Clara. California 95051
(408) 988-5600
Jerry Demsky
Custom Product Marketing Manager
SALES
AL BARGOOT— EASTERN AREA MANAGER
400 Humphrey Street, Suite 2
Swampscott, MA 01907
617-595-1170
JOHN BASISTA— CENTRAL AREA MANAGER
4615 W. Streetsboro Road, Suite 204
Richfield. OH 44286
216-659-4195
CHUCK KEOUGH — MIDWEST AREA MANAGER
2805 Butterfield Road, Suite 150
Oakbrook. IL 60621
312-986-8989
SHEL SCHUMAKER --WESTERN AREA MANAGER
20863 Stevens Creek Blvd.. Bldg. B3. Suite C
Cupertino, CA 95014
408-255-3941
JOHN FARLEY— NORTHWEST REGIONAL
MANAGER
in Cupertino sales office listed above
ED HARMON — SOUTHWEST REGIONAL
MANAGER
1000 Quail Street, Suite 290
Newport Beach, CA 92660
714-752-5535
RON KASPER — MANAGING DIRECTOR,
EUROPEAN MARKETING
Honeywell House, Charles Square
Bracknell, Berkshire. England Rg 12 lEb
Direct Dial: 01144-344-24555
JOE PATRIDGE — FAR EAST SALES MANAGER
3001 Stender Way, Santa Clara, CA 95051

Electronics/March 15, 1979

Circle 59 on reader service card

59

Flber Optics
Measurement
Lem.
in your hand
For Absolute Measurements of
Light Sources, Photoreceivers,
Fiber Cable Transmission,
Connector and Splice Loss.

othing else even comes close...
ANCE - Only the 22XL has
in dB over nine decades, with
eadout in dBm (decibel milliwatt) or dBp
microwatt), and a selectable .1dB or .01 dB
hon. DC response and unlimited AC response
e switch selectable.
Add to that a sensitivity down to 1picowatt (-90.0
dBm), with the model 150 and 250 plug in silicon
sensor heads, and a power handling capability of
1watt with the model 350 head. The 250 head is
spectrally flat from 500 nm to 950 nm. This
revolutionary performance cornes in two matched
sensor heads simultaneously, which can be
switched to single mode (alone) for absolute light
source measurements, or dual mode (log ratio) for
comparison of sources or cable. Plus, the heads are
all socketed and interchangeable, and carry their
own calibration to the electronics. It is easy to
connect to these heads. Terminations for all the
major connector systems, as well as bare cable, are
available in thread mounted adaptors. A head
extension cable is also available.

A built-in 900 nm IR source simplifies photoreceiver
calibration and fiber cable dB loss measurements.
Your own photodiodes can be calibrated on the
22XL. Add to that a sample-hold mode, for splice
and interconnect loss measurements.
The 22XL is ideal for both lab and field work. The
rechargeable Ni-Cd battery is good for nine hours.
A 34 pin edge connector brings out digital and
analog signals for driving recorders, and with a
Photodyne Accessory Box, microprocessors. The
dual anodized aluminum case protects a
one-board circuit assembly on which all
components mount, including switches and display,
for easy calibration and repair. All major
components, including display, are socket
mounted for easy replacement.
IN PRICE - At $685, the price is revolutionary. A
model 150 sensor head, complete with computer
generated and NBS traceable calibration from 400
nm to1150 nm, is available at $175. To get your hands
on one call (213) 889-8770 or 889-8817.

PHUTOME
5356 Sterling Center Drive,
Westlake Village, CA 91361
(213) 889-8770 or 889-8817

Revolutionary Performance
Revolutionary Price
Model 22XL Optical Multimeter
Circle # 60 for demonstration

Circle # 61 for literature

Washington newsletter
Air Force picks
three to build
Seek Talk models

FAA orders removal
of LIS0 2 batteries
from all planes

Pascal people
make progress
toward standard

Sanders, ITT teams
developing Jammer
for Navy, Air Force
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Air Force contracts are going to E-Systems Inc.'s ECI division, St. Petersburg, Fla. ($4.1 million); General Electric Co., Fairfield, Conn. ($4
million); and Hazeltine Corp., Greenlawn, N. Y. ($5.4 million), to
competitively design, build, and test advanced development models of Seek
Talk, the jam-resistant voice system for tactical air-to-air and airto-ground communications planned for 1983 production. Eliminated from
the competition was Magnavox Corp., which participated in last year's
design stage. Rome Air Development Center, N. Y., is overseeing the
program.

Lithium—sulfur-dioxide batteries have become aliterally explosive issue at
the Federal Aviation Administration. A series of six explosions, plus
spontaneous fires and corrosive leakage problems caused in the last six
months by aging LiS0 2 in aircraft emergency locator radio transmitters
(ELT), has spurred the agency to order their removal by owners and pilots
within 30 days from March 28. About one third of the 180,000 U. S.registered planes (except scheduled airliners) that have been required since
1974 to carry automatic ELT units use LiSO, batteries, the FAA estimates;
the remainder have alkaline or magnesium batteries. The agency identified
six ELT equipment makers, some of whose models used LiS0 2 batteries.
They are: Communications Components Corp., Cessna Aircraft Co.,
Dome and Margolin Inc., Garrett Manufacturing Ltd., Leigh Systems,
and Pointer Inc.

In marked contrast to the stormy meeting of the American National
Standards Institute's X3J9 committee held last December, the meeting on
Feb. 20 in Costa Mesa, Calif., was amodel of progress toward acandidate
standard for the Pascal high-level language [Electronics, Feb. 15, p. 96].
One result was that two joint meetings of X3J9 and the Institute of
Electrical and Electronics Engineers' P770 task group are now scheduled:
one for April 26 and 27 in Boulder, Colo., and the other for June 6and 7
in New York after the National Computer Conference. "If the trend
continues, we'll have a candidate standard in June," Bruce Ravenel,
chairman of P770, told agathering at the IEEE Computer Conference in
San Francisco. Ravenel says the standard most likely will be the same as
that described by Niklaus Wirth and Kathleen Jensen in their 1974
"Pascal User Manual and Report."

Two teams are ready to do battle in the final rounds for contracts for the
joint Navy—Air Force Airborne Self Protection Jammer (AsPi). Sanders
Associates and Northrop Corp. as the first team and International Telephone and Telegraph Corp. and Westinghouse Electric Corp. as the second
have received sustaining engineering contracts. Later this spring the
Defense Systems Acquisition Review Council will look over the ASPJ
program, and each team should receive afirst-phase development contract
of $10 million to $15 million. The final development contract will go out
in 1980 to one of the two.
The ASPJ will provide on-board protection for fighters and attack
aircraft against radar-guided weapons systems and will be viable from the
mid-1980s through the year 2000. Industry observers place a price of
$1 billion to $1.6 billion on the production award, scheduled for 1984.
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Washington commentary

VHSIC's takeoff roll looks good
Six months ago the Department of Defense first
announced its plans to advance the semiconductor art with a program to develop very highspeed integrated circuits [Electronics, Sept. 14,
1978, p. 81]. The question at that time was: will
VHSIC fly? Now we have at least part of the
answer: the program is about to take off (see
p. 41).
How well, how far, and how fast VHSIC flies is
still uncertain. That will depend as much on the
performance of the program's pilots in the
Pentagon and the congressional support they
receive as on industry's ability to innovate.
Pentagon performance so far gets good marks
from industry, where interest in VHSIC is
running high. "I'm impressed with DOD adding
a program-definition phase up front before
charging ahead," says one prospective bidder's
representative in Washington. "It shows that
they are listening." Another potential competitor observes, "The program people are hanging
loose, encouraging comments. Ijust hope they
can remain flexible."
DOD's management plan
Final DOD approval of VHSIC plans for source
selection and business management is just about
complete at this writing. That will be followed
by establishment of a program structure to
include appointments of three military representatives to a VHSIC source selection acquisition
council, balanced in turn by a separate source
selection evaluation board. The Air Force,
Army, and Navy representatives have yet to be
named, but DOD program manager Larry
Sumney indicates they will have ranks equivalent to two- or three-star generals—a sign of the
importance the Pentagon attaches to the effort.
The lead military commands responsible for
implementing VHSIC within each service also
have to be officially named, although these are
likely to be the Air Force Avionics Laboratory
(AFAL), the Army Research and Development
Command (Aradcom), and either the Naval Air
Systems Command (Navair) or the Naval Electronics Systems Command (Navelex), or both,
depending on the nature of the weapons systems
selected for VHSIC demonstrations. While the
individual services will choose their own candidate systems for demonstrations, company
recommendations on which systems could bene-
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fit most from VHSIC technology will have significant bearing on those choices.
Keeping options open is crucial to DOD's
success in developing VHSI circuits. The task of
reducing minimum features on a chip to less
than amicrometer is enormous, of course; but to
do that and then carry it forward to mass
production of such circuits represents astaggering challenge that will not be overcome with
money alone.
Leaders of the Pentagon program appear to
have recognized that need when they established
VHSIC-III as a parallel six-year effort to support
the technology of parts Iand II, the development of the circuits themselves. In contrast to
those large, vertically integrated programs,
VHSIC-III "will consist of many shorter
programs with amore limited scope, concentrating on key technologies, equipment, or tools"
that Sumney says will provide "alternative
directions not specifically included" in the larger efforts at the start. If, for example, auniversity or coi•porate laboratory comes up with a new
and unanticipated development, it could be
funded under VHSIC-III to pursue that effort.
Should further development prove successful,
the technology could then be incorporated as
appropriate into VHSIC-I or -IL What's more,
says Sumney, an organization bidding as ateam
member on the larger circuit development
segments would not be precluded from bidding
separately for Viisic-iii funds.
An uncommon commendation
That DOD approach is to be commended. It
seems to recognize that the semiconductor
industry, perhaps the most innovative segment
of electronics, is anything but static. By making
VHSIC-III a separate parallel effort, the Pentagon is also accommodating those design specialists who find it difficult to function effectively
within the constraints mandated by a large,
coordinated multicompany team working toward aspecific program goal.
All these points must be made to Congress
when it comes to avote on the VHSIC appropriation. If DOD can get away from costly, customdesigned circuits and advance the state of the
American semiconductor art at the same time,
both the nation and the industry will be better
for it.
Ray Connolly

Electronics/March 15, 1979

Al
THEII» EPJCE

A new series of vacuum fluorescent display drivers that simplify the
design of many applications, including ... POS systems, cash registers,
clocks, scales, automotive displays, appliances, and pinball machines.
These new integrated circuits contain
either six or eight high-voltage output
drivers and are compatible with most
TTL, MOS. and CMOS logic systems. All
are expressly designed to interface between low-level digital logic and vacuum
fluorescent displays. They are capable
of driving display digits and/or segments
and permit all outputs to be activated
simultaneously. Pulldown resistors are
incorporated into each output and no
external components are required in
most applications.
For application engineering assistance on these or
other interface circuits, standard or custom, write
or call George Tully or Paul Emerald, Sprague
Electric Company, Semiconductor Division, 115
Northeast Cutoff, Worcester, Mass. 01606. Telephone 617/853-5000.
For Engineering Bulletin 29313A and a 'Quick
Guide to Interface Circuits', write to: Technical
Literature Service. Sprague Electric Company,
35 Marshall Street, North Adams, Mass. 01247.
For the name of your nearest Sprague Semiconductor Distributor, write or call Roger Lemere.
Sprague Products Company, North Adams, Mass.
01247. Tel. 413/664-4481.

s%z

Type No.

UDN-6126A

UDN-6118A

UDN-6128A

16

16

18

18

85V

85V

85V

85V

40mA

40mA

40mA

40mA

UDN-6116A

No. of
Pins
Sustaining
Voltage
Source
Current
No. of
Drivers
Input
Compatible
with:

6

6
5V

6-15V

TTL, Schottky
TTL, DTL,
and CMOS

MUS
(PMOS or
CMOS)

8
5V
TTL, Schottky
TTL, DTL,
and CMOS

8
6-15V
MUS
(PMOS or
CMOS)
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ait)sidiary
... and you thought we only make great capacitors.
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Who do you think of
for high-performance 16K RAMs?

Take your pick: our µPD416 standard
family offers awhole range of performance
choices—extending to 120 ns access
time and 320 ns cycle time. In either
plastic or ceramic packages.
Every characteristic of our
ki.131)416 family meets or exceeds
industry standards, which means our
parts are suitable for any application
you can
name. And
P/N
RAC
1)1)2
RC
1)1)1
we've been
el/416-5 120ns 320 ns 35mA 1.5mA
shipping in volume 1£11/416-3 150ns 375 ns 35mA 1.5mA
since August, 1977, i.t PD416-2 200 ns 375ns 35 tnA 1.5 mA
µP1/416-1 250 ns 430ns 35mA 1.5mA
so you know we
µP1)416
300 ns 510 ns 35 mA 1.5 mA
can deliver parts
t = I C to + 70 C
when you need
them.
Of course, 16K RAMs are just part of our story.
We also have abroad selection of other
memory components, led by our industry standard
t

t

a

1

°

Lr-11

1

°

o

100ns

200 ns

300 ns

o

100 ns

200 ns

300 ris

REPS: Action Unlimited. Arlington, TX; Spring. TX. Burton-Medley Associates, Grandview. MO. Cerco, San Diego, CA. Contact Sales, Inc. Burlington, MA. D/Z Associates. Inc.. Denver, CO. Electronic Innovators, Inc.. Minneapolis. MN. Eltron, Phoenix. AZ. HLM Assoc.. Northport. NY: Parsippany, NJ. Imtech, Inc., Cleveland, OH;
Dayton, OH. Kaytronics Limited, Ville St. Pierre. Quebec; Downsview, Ontario: Surrey, British Columbia. L& M Associates, Pikesville, MD: Montpelier. VA. Harry Nash
Associates, Willow Grove. PA. R.C. Nordstrom & Company, Lathrup Village, MI. Perrott Associates. Inc., Fort Lauderdale, FL; Clearwater, FL;.Orlando, FL. Santana
Sales, Costa Mesa, CA. Stone Component Sales, Waltham. MA. Technology Sales. Inc.. Palatine. IL. Trident Associates. Inc., Sunnyvale, CA. Tri-Tronix, Albuquerque.
NM. Tri-Tronix, NW., Mercer Island. WA. 20th Century Marketing, Inc., Huntsville. AL; Greenville. TN. Wolff sSales Service Company. Raleigh, NC.
DISTRIBUTORS: Almo Electronics Corp.. Philadelphia, PA. Baltimore, MD. Bell Industries, Bellevue, WA. Century Electronics, Albuquerque, NM; Wheatridge, CO; Salt
Lake City. UT. Norman Davis Electronics, South Euclid, OH. Diplomat/Westland, Inc., Sunnyvale, CA. Diplomat/Southland, Inc., Clearwater, FL. Diplomat/Lakeland,
Inc., Elk Grove Village, IL. Diplomat/IPC of Mass., Chicopee Falls. MA. Diplomat, Holliston, MA. Diplomat/Northland, Inc., Farmington, MI. Diplomat/Electro-Com
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4K Dynamic RAM (eD411), with access time
down to 135 ns, and our highly successful high-speed
4K Static RAM (i2PD410), with access times
down to 70 ns. Plus CMOS RAMs, Bipolar PROMs,
1K and 4K Static RAMs, and mask programmable
ROMs up to 64K bits.
At NEC, we've built areputation for advanced
technology and volume delivery. We're also known
for remarkable product reliability—thanks to
experienced designers and meticulous manufacturing techniques, backed by 100% burn-in and
testing with MIL-STD-883 methods. The result
is an overall rejection rate of under 0.5%.
What's more, we offer thorough customer
support, including documentation, testing, and
special selection. And our engineers
are always available to help with
specific applications problems.
Our new product catalog
will give you abetter idea of
just how much we can do for
you, not only in memories
but also in 8-bit and 4-bit
processors and peripherals.
To get your free copy,
clip your business card or
letterhead stationery to this page and send to:
NEC Microcomputers, Inc., 173 Worcester Street,
Wellesley, MA 02181.
If you haven't thought of
NEC before, you will.
Next time.

NEC

NEC Microcomputers, Inc.
Corp.. Minneapolis, MN. Diplomat/St. Louis, Inc., St. Louis, MO. Diplomat/IPC Corp., Totowa. NJ; Mt. Laurel, NJ. Diplomat Electronics Corp., Woodbury.
NY. Diplomat/Alta-Land, Inc., Salt Lake City, UT. Future Electronics Corp., Montreal, Quebec; Rexdale, Ontario; Ottawa, Ontario. Hughes-Peters. Inc.. Cincinnati, OH:Columbus, OH. Intermark Electronics. Sunnyvale, CA; Santa Ana, CA; San Diego, CA. Kent Electronics, Houston, TX. G.S. Marshall, Sunnyvale, CA: Irvine, CA; El Monte.
CA; San Diego. CA: Phoenix, AZ. Milgray Electronics, Inc., Freeport, NY; Orange, CT. Reptron Electronics, Inc., Livonia, MI. Resco/Raleigh, Raleigh, NC. Semiconductor Specialists, Inc.. Chicago, IL; Burlington, MA; Farmington, MI: Minneapolis, MN; Hazelwood, MO; Pittsburgh, PA; Dallas, TX; Milwaukee, WI. Sterling Electronics,
Phoenix, AZ; Sun Valley, CA; San Diego, CA: Baton Rouge. LA; Waltham, MA; Albuquerque, NM; Dallas. TX; Houston. TX; Seattle, WA. Summit Distributors, Inc., Buffalo, NY. Summit Elec. of Roch., Inc., Rochester, NY. Technico, Inc., Columbia, MD; Roanoke, VA. Western Microtechnology Sales, Sunnyvale, CA.
REGIONAL SALES OFFICES: Western Region, NEC Microcomputers. Orange. CA (714) 633-2980. Eastern Region. NEC Microcomputers, Melville, NY
(516) 293-5660.
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MediaeMae protects you

in the hot temperature zone.
igiew
Maximum effectiveness in the
switching mode
SwitchMax. A new series of RCA transistors
designed and built for high performance in
off-line power supplies, converters, and pulsewidth-modulated regulators. SwitchMax
transistors are hot-temperature tested. To give
you new predictability under operating
conditions. New efficiency in heat sink design.

I

Verified by worst-case testing
Every SwitchMax transistor is tested at 100°C
or 125°C against precise limits for all switching
parameters. Including inductive turn-off time
and saturation voltage. To give you switching
characterization that lives up to RCAs reputation
in second breakdown, safe operating area, and
thermal cycling ratings.
Performance that starts with design
These RCA n-p-n transistors have amultipleepitaxial, double-diffused structure, fine emitter
geometry, and atrimetal system. Which make
SwitchMax transistors rugged. And give them
excellent high-current and fast switching characteristics, with improved second breakdown.
For protection in the high temperature
zone, ask for more information
With the SwitchMax power transistor booklet
and RCA Application Notes, you'll be armed
with facts to insure your protection in the hottemperature zone.
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2N6671
2N6672
2N6673

450 V
550 V
650 V

0.1 (25°C)
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2(125°C)

5A

0.4 (25C)
0.8 (I25C)

2N6674
2N6675

450 V
650 V

0.1 (25°C)
1(100°C)

1(25"C)
2(100°C)

10A

0.5 (25C)
0.8 (100C)

2N6676
2N6677
2N6678

450 V
550 V
650 V

0.1 (25°C)
1(100°C)

1(25°C)
2(1.00°C)

15A

0.5 (25C)
0.8 (100C)
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"
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Switch Max Booklet 2M1217 gives you full details on how these new transistors are designed, made, tested
and characterized. There's also adesigner's guide chart suggesting optimum transistor types for typical switching power
supply circuits.
Application Note AN-6741 describes the use of the RCA 2N667615-ampere SwitchMax power transistor as adriven
pulse-width-modulated flyback converter stage, in a20-kHz off-line power converter providing 340 watts output.
Application Note AN-6743 is adescription and analysis of a900-watt off-the-line half-bridge converter using
two 15-ampere SwitchMax high-voltage power transistors. This Note, too, demonstrates the outstanding capabilities of
SwitchMax in atypical switching application.
For all this information, contact your local RCA Solid State sales office or distributor. Or write RCA Solid State, Box 3200,
Somerville, NJ 08876.

RCA Power experience is working for you.
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International newsletter
SGS-ATES to Introduce
nonvolatile 1 K RAM
at Paris show ...

...while Siemens
will present
three memories

Toshiba makes
C MOS
logic family
10 times faster

UK viewdata module
gets character set for
28 different languages

Electronics/March 15, 1979

The Italian semiconductor house SGS-ATES Componenti Elettronici spA
feels it has awinner in its M 120 nonvolatile 256-by-4-bit random-access
memory for read-mostly applications. Set to bow at the early April Paris
components show, the bit-alterable part is an outgrowth of electrically
erasable programmable read-only-memory technology and can store data
for an estimated 100 years. Yet to amicroprocessor it looks like aregular
static RAM with an access time of 450 ns. SGS-ATES managed this feat
with double-polysilicon-gate technology and on-chip control circuits that
accept write data at a normal bus speed of 300 ns and then float the
input/output pins while the slower internal modify cycle is carried out.

Look for Siemens AG to come out at next month's Paris components show
with three parts: two random-access memories using emitter-coupled logic
and an electrically erasable programmable read-only memory for which
the Munich-based company guarantees a storage time of more than 10
years. The two ECL RA ms, designated the GXB 100473 and GXB100475,
have acapacity of 256 bits and 4,096 bits, respectively. The former has a
maximum access time of 8 ns and a power consumption of 2.7 mw per
bit; the latter accesses in 25 ns and consumes only 0.2 mw/bit. The
EE-PROM, called the SAB 2808, uses double-polysilicon-gate technology
and can store 1,024 8-bit bytes. With a 450-ns access time, the device
needs 12 vfor read-in, 25 vfor programming, and 33 V for erasing, which
takes only 60 seconds.

Toshiba Corp. has jumped the speed of its complementary-mos logic
family, which it calls c2mos, with the announcement of its new HS-C 2
series. The company, which will supply samples of 10 different parts
starting in April, plans to fill out the line with atotal of 50 parts by the end
of this year, and more the next. The new series is an order of magnitude
faster than the standard c-mos logic family, with atypical gate propagation delay to 5to 15 ns. A decrease in channel length to about 4µm and
simplification of circuits both contribute to increased speed. The devices
are designed to operate from power supply voltages of 5 ± 3v, with an
absolute maximum of 10 V. Initially, Toshiba hopes to take business away
from TTL, including Schottky, rather than from its standard c2mos parts.

Character sets for up to 28 different languages, complete with accents and
other language-specific features, can now be displayed with the addition of
just one extra chip to the teletext-viewdata decoder set developed by GEC
Semiconductors. The new G2 international character set implementation
has been developed by the Wembley, Middlesex, company to meet a
growing international interest in teletext and viewdata systems. GEC has
already made its first sale of the new implementation to Bell Northern
Research Ltd. in Canada for a proposed viewdata trial displaying both
English and French in a 32-character-per-row, 20-row format. GEC says
decoder sales have now taken off: it has booked $800,000 worth of
business, with the same amount again in view. The two-chip implementation works by storing English language characters in one read-only memory and language-specific characters and accents in a second. A shift
instruction preceding the English language character causes the corresponding character in the second ROM to be selected.
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Ise 2-min fax
p... is

in two colors

with ink-jet units

Chip off new block
expands French family
of fast ECL logic

Liquid crystals
look good for
pocket scopes

France firms plans
for early 1980s
telecomm satellite

IBM announces
4300 series
in Japan
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A two-color, 2-minute analog facsimile system shown in prototype by
Matsushita Graphic Communication Systems Inc. today should be on the
market before the end of the year. The standard text in black, together
with corrections, revisions, additions, or other information in red, is
sensed at the transmitter and recorded at the receiver by separate black
and red on-demand ink-jet printers. In addition to linking with other
terminals of the same type, the new terminals will communicate in black
only with other Matsushita terminals using four amplitude-modulation
transmission modes and all terminals using the 3-minute CCITT T3 recommendation for group 2fax unit transmission, which employs asignal with
vestigial-sideband phase-modulation—amplitude-modulation characteristics. The new terminal will cost less than $10,000.

RTC—La Radiotechnique-Compélec has in mind arapid expansion this year
for its 100-K family of emitter-coupled logic, notable for its gate propagation time of 0.75 ns and apower-delay product of 28 pi. The Paris firm,
the major French components producer for the Philips group, expects to
have a total of nine parts by year-end, plus samples of compatible gate
arrays and matrixes of 24 or 36 basic cells whose functions can be defined
by metalization. Also to come are two ECL 1,024-bit random-access
memories, one with an access time of 10 ns, the other with 13-ns access
time but lower power consumption.

A pocket liquid-crystal-display oscilloscope with astorage scope capability,
a 500-mw power consumption, and a 2.5-MHz bandwidth—possibly
extensible to 50-m Hz — that's the long-term goal of aresearch program at
Britain's Royal Signals and Radar Establishment, Malvern. The basis for
the project is a novel technique for addressing twisted nematic liquid
crystals that allows the display matrix to be driven continuously over its
entire area, thus eliminating the flicker associated with multiplexed
displays. In a prototype, the 5-kHz 100-by-100-element matrix is driven
directly by 15-v complementary-mos logic circuits, but RSRE researchers
say that the technique can be readily extended to 512 by 512 elements and
ultimately to 1,000 by 1,000 elements. A RAM provides storage.

A French telecommunications satellite will go on the air in mid-1983
unless there's ahitch in the government's Telecom 1project. In abid to get
apiece of amarket for satellite telephone circuits that it estimates will run
some $230 million annually during the 1980s, the government will spend
roughly $350 million to put up a pair of satellites —one of them a
backup—into ageostationary orbit. Each satellite will have 12 transponders, half working in the 12-to-14-GHz band for high-speed digital transmission between points in France and half working in the 4-to-6-GHz band
for transmission between France and its overseas territories.

International Business Machines Corp. announced its 4300 series computers in Japan on March 1. Price of the basic 4331 is Yl4.9 million, and of
the basic 4341 v56 million. At the current exchange rate of v202.5 to the
dollar, these amount to about $73,000 and $273,000, respectively-13%
higher than the U. S. prices.
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We can get
Microprocessor Development Systems
from Zilog, Intel orTektronix
on their way to you in minutes.
Whether your requirement is for aweek, amonth, a It's the one effective way to get the new equipment
year or longer, there's one way to get the latest in
you need without going back to management for
microprocessor development systems from Zilog,
more money. There's no major capital investment
Intel or Tektronix without waiting. Rent it from
with aLeasametric rental.
Leasametric.
Leasametric, of course, means more than
Instantly, AUTEX, our nationwide h ire im iià
development systems. We stock the latest
computerized inventory system, will
—terminals, acoustic couplers, modems,
check our dozens of regional
communications and general-purpose test
inventory centers to pinpoint
equipment ...just about anything you
the unit closest to you. Withmight conceivably need.
in minutes, your order will
Our growing inventory inbe processed and moving
cludes over 23,000 items
on its way. In most cases,
from 500 of the top elecwill
your be
development
in your hands
system
in
less than 24 hours.
Need more than one
system? Don't waste time
and energy calling everyone in the book. One phone
call to Leasametric is the fast, simple
way to end your equipment worries
and start relaxing. And, rental
means more than immediate possession.

I

tronic manufacturers —including almost the entire
1
HP catalog.
Need it now? Why wait?
To order, or for our latest
rental catalog, pick up the
phone and call one of the
relaxing, nationwide
numbers shown below.
They're toll free. Or call your local Leasametric
office. There's one in every major city.

Leasametric/Rent it and relax.
In the West

Call 800-227-0280
In California, call (4151 574-4441

In the Central U.S.

In the East

Call 800-323-2513

Call 800-638-4009

In Illinois, call (312) 595-2700

In Maryland, call (301) 948-9700

A Trans Union Company

1164 Triton Drive, Foster City, CA 94404
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Sub-Miniature High Voltage Low Current Multi-Junction
Fast Recovery METOXILITE Silicon Rectifiers
Down-To-Earth Prices!

A Ministic for every application!

Manufactured in the U.S.A.

Increased Ministic production capabilities, and
automated handling procedures, have enabled us
to keep costs down for commercial and industrial
applications and maintain the high quality proven
in aerospace and MIL programs.

Our increased product range makes it virtually
impossible to find aMinistic that won't fit your
application.

Contact the sales office nearest you to discuss your
individual application with our sales engineer.

Our Silicon chips
are "home grown" to guarantee
quality, delivery and lowest price.
The stacks are terminated with tungsten pins ID,
high temperature bonded to the silicon, providing
matched thermal expansion.
All Ministics are hermetically sealed in "super
tough" Metoxilite
,
manufactured with new
techniques to reduce cost, improve insulation and
uniformity.

In addition to various types of descrete rectifiers, we
can provide encapsulated higher voltage rectifiers
and other configurations such as center taps,
doublers, and full-wave bridges for use in high
voltage power supplies and voltage multipliers.
PIV: 3,000 to 30,000 Volts
Average Rectified Current: 5to 350 mA (depending
on temperature &environment)
Recovery Time: 150 or 300 nanoseconds
Case Size: .300" to 2.00" Lx .120" to .25" D

And of course, Ministics are non-cavity rectifiers
with solid silver leads.
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Call Today!

SEMTECH
CORPORATION
652 Mitchell Road. Newbury Park. California 91320
1805) 498-2111 •12131628.5392 • TWX: 910-336-1264
CHICAGO (312) 352 3227 ADALLAS (214) 661 2217
FLORIDA: (305) 644 5404 •MARYLAND (301) 937 0070
NEW YORK /NEW JERSEY (201) 964 9305
SAN FRANCISCO -(415) 494 0113 •SEATTLE. (206)455-4807
CANADIAN SALES. Ayonomcs. Ltd. (416) 493 9711
EUROPEAN SALES: Bourns AG Zug. Syntzerland (042) 232-242

ACTUAL SIZE
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BBC codes composite
color TV signal
to achieve 34-Mb/s rate
Researchers prepare for
all-digital television

PULSE-CODEMODULATED
TV SIGNAL

SUB•
TRACTER

DIGITAL
PCM
SIGNAL

NONLINEAR
QUANTIZER

environment using
standard telephone lines
Because high-quality digital television transmission using conventional
pulse-code modulation consumes a
colossal 100 megabits per second—
which could not be handled by the
conventional telephone lines proposed as economical distribution
links—research teams in Europe and
Japan have been trying to reduce the
data rate and still maintain acceptable broadcast quality. Now, the
British Broadcasting Corp. claims to
have succeeded.
BBC researchers have recently
demonstrated a method of differentially pulse-coding a composite
phase-automation-line (PAL) TV signal that cuts the bit rate by two
thirds to 34 mb/s [Electronics, Feb.
15, 1979, p. 64].
This fits neatly into European
telephony data-rate standards of 8,
34, and 140 mb/s and is in fact the
rate the European Broadcasting
Union is considering as a standard
for exchanging international broadcasts accommodating the video signal and all its ancillary services. It
could therefore lead to major economies in the use of standard PCM
telephone links to distribute studio
broadcasts to the BBC transmitter
network, in the opinion of Paul A.
Ratliff, who heads the digital program at the BBC's Kingswood Warren, Surrey, laboratories.
The big technical advantage of a
move to digital transmission, says
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PREDICTOR

ADDER

LOCALLY
DECODED
PCM SIGNAL
CONNECTION

Savings. By predicting the input signal, comparing it with the prediction, then quantizing and
transmitting the error, BBC researchers reduce the data rate in coding acomposite TV signal.

Ratliffe, is that "the video quality is
determined at the coding end in the
studio and will be unaltered throughout the distribution network." But
there are also long-term strategic
reasons. For one, as European countries move steadily toward an alldigital telephone network, high-quality video links that accept the full bit
rate will become both scarcer and
less economical.
For another, there is a strong
move to go digital in the Tv studio
because editing is easier with digital
video recordings [Electronics, Feb. 5,
1976, p. 94]. It thus makes technical
and economic sense to move to digital transmission as well.
Different. The BBC has taken a
different route than other groups by
processing the composite PAL signal
directly. Others have concentrated
on coding the separate color components, with the exception of Britain's
Independent Broadcasting Authority, which uses composite PAL coding
in its digital video recorder system
[Electronics, Oct. 12, 1978, p. 63].

Apart from immediately cutting
the data rate because only one signal
is being coded, composite coding has
the additional advantage that such
systems can interface directly with
analog PAL systems without the
impairment associated with transcoding separate components.
Three more ways. Further bit-rate
savings come from three separate
sources. First, as in all digital coding
schemes, removal of the blanking
interval reduces the bit rate by about
24%. In practice, though, about 1%
or 2% of this savings may be sacrificed in order to transmit blanking
format and control information.
Second, the researchers cut the bit
rate by sampling below the minimum required Nyquist frequency.
However, doing so introduces spurious, or aliasing, frequencies, which
are then removed by comb filters.
Savings also result from another
common practice, reducing the number of bits per sample allocated to
the signal. In linear PCM, 8 bits, or
quantizing levels, are usually consid-
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ered adequate for broadcast standards, but by employing differential
PCM, the number of quantizing
levels can be cut.
Prediction and comparison. In
operation, a prediction is made of
the input signal level, which is
compared with the input signal itself
(see figure). The error between the
predicted and real signals is then
quantized and transmitted. By transmitting the error signal, the number
of quantization levels can be reduced. The better the prediction, the
smaller the error and hence the
smaller the number of bits that

it is necessary to transmit.
But since quantization is nonlinear, small differences are transmitted with full accuracy and larger
differences with progressively less
accuracy. In this way, much of the
picture information will be conveyed
with no appreciable loss at amodest
reduction in bit rate.
Ratliff says that with sufficient
work the BBC technique could be
applied to the U. S.'s National Television System Committee (NTsc)
standards. He adds that it could also
be applied in digital video tape
recording to save tape.
LI

West Germany

MBB agrees to provide China
with electronics gear and know-how
The People's Republic of China's
new open-door policy continues to
generate business—or at least the
prospects for it— for Western electronics firms. One of the latest deals
is between various technical institutions in China and West German
aerospace and electronics firm Messerschmitt-Bólkow-Blohm GmbH. A
series of preliminary agreements,
signed in Peking late last month,
involves television satellites, medical
apparatus, and aircraft support
•equipment.
The most spectacular of the three
agreements promises to be one
between Munich-based MBB and the
Chinese Academy for Space Engineering that aims at the joint development and construction of one or
more TV satellites intended for live
transmissions. Details have not yet
been worked out, but the accord
could entail as many as 20 satellites,
each expected to cost from $40
million to $50 million.
The satellites, MBB says, would be
developed in phases, with the goal of
each phase jointly defined. Either
party could terminate the agreement
at the end of any phase.
Coming home. Initially, the academy will send groups of specialists to
mBB's facilities in Munich for study,
training, and participation in devel-
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oping and building the first satellites. In later phases, the Chinese
will transfer production, with diminishing West German assistance, to
their own country.
The first satellite is to be ready by
1983 for launching by the Ariane
rocket currently being developed by
France with support from other
European countries. From ageostationary orbit, this and subsequent
satellites would broadcast mostly
educational programs, presumably
to ease the shortage of teachers
brought on by China's Cultural
Revolution afew years ago.
Medical gear. The second agreement is in the medical sector. Made
with the Chinese Association for
Medical Equipment, which employs
some 70,000 people and is responsible for all equipment installed in
Chinese hospitals, it entails cooperation in producing and applying medical gear. This deal, too, also provides
for training Chinese specialists at
the Munich facilities.
Part of the accord involves the
delivery of anumber of MBB'S medical lasers, called "Medilas." These
lasers, developed afew years ago and
now being marketed by the Medical
Equipment division of Siemens AG,
are used in the treatment of various
diseases and in stopping internal

bleeding. They also perform various
tasks in neurosurgery, dermatology,
urology, and other fields.
Aviation. The third preliminary
agreement involves aviation engineering. According to its terms, MBB
will support the Chinese Association
for Aircraft Construction and
Equipment in designing rigs for
fatigue tests and instrumentation for
flight trials. It will also provide helicopter technology by transferring
know-how, awarding licenses, and
training Chinese personnel.
MBB says that both parties term
the three agreements "extremely
successful and trend-setting." They
are the first results of a technology
exchange pact negotiated in October
of last year between China and West
Germany's Ministry for Research and
Technology. Close contacts between
the Chinese and MBB were subsequently established during the visit
of Fang Yi, deputy minister—president of China's Council of State and
chairman of the National Commission for Science and Technology. 0

Japan

Fixed-head VCR
fills a (loop)hole
A cassette with acontinuous loop of
tape that feeds into the cavity in the
center of its hub is the key to an
experimental fixed-head video cassette recorder developed at Toshiba
Corp.'s Consumer Products Engineering Laboratory, Kawasaki. Toshiba's design enables the tape to
move at 6 meters per second, the
speed required to record the 3.9-to5.4-megahertz band of the video
luminance signal.
It thus eliminates the need for the
complicated mechanical helical-scan
arrangements used in other video
recorders to obtain the necessary
relative speed between tape and
video heads [Electronics, Feb. 15,
1979, p. 64; Nov. 24, 1977, p. 106].
These designs both are difficult to
manufacture and create anumber of
problems in operation.
For one, the new design eliminates

Electronics/March 15, 1979

Ultratech counts on Culligan ultrapure RIO water
for precision manufacturing
Water purity is an absolute must for Ultratech of
Santa Clara, California. Their only business is the
manufacturing of photo masks for integrated circuit
production. Even the smallest impurity in the emulsion can cause rejection of the end product.

The importance of this system is pointed out by
Ultratech's emulsion production manager, David
Lee. "Any serious problem with the quality of our
water could possibly cause us to lose a valuable
customer, not just afew rejects:

So Ultratech relies on aCulligan-designed system
to prevent any impurities from endangering this
precise manufacturing process. Included is filtration, softening, deionization, reverse osmosis, ultraviolet light sterilization and submicron filtration.

Culligan even installed conductivity monitors to
make sure quality water standards are maintained.
And a Culligan dealer is always nearby to handle
emergencies at once.

Culligan Offers 2Types of "State of the Art" Reverse Osmosis Membranes—cellulose acetate and hollow filer
Culligan's patented CDR-FLO'
module solves previous size
limitations for spiral wound
cellulose acetate membranes—
produces more high quality
water in the available space.
Removes up to 95% of total
»dissolved solids, organics.
even most bacteria.

The DuPont PERMASEP'
hollow fiber modules, for
large applications produce
quality water with up to
95% of the total dissolved
solids, and most organics
and bacteria removed.
Proven design simplicity.

Your Inquiry is Welcome—To find out how Culligan
can add precision to your manufacturing process,
call your local authorized Culligan dealer. Or contact Greg Montgomery at Culligan USA. Phoie
312/498-2000. Or mail the coupon.

Culligan Agua-Cleer"
S Series. Low cost,
fully automatic ultrafiltration at 20, 50, 100,
200 and 300 gallons
per day.

Ague-Cleer M, MC,
MD Series. Quality
water—high bacteria
and organic rejection,
at 500 to 6000 gallons
daily.

Agua-Cleee KD
Series. For high
volume applications
requiring ultra-filtration
at 800010140.000
gallons aday.

Greg Montgomery. Culligan USA
Northbrook, Illinois 60062

9A21

Iwould like to know more about Culligan water treatment.
Have representative call

E Send literature
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WE TREAT WATER SERIOUSLY

Water Treatment Application
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TRACK 140 pm WIDE/

GUARD BAND
(10 pm WIDE)
12.7 mm

DIRECTION OF TAPE MOTION
lb)

Endless. Toshiba's experimental VCR feeds a continuous loop of tape into the center cavity containing the head and the pulling mechanism
(a). The tape contains the equivalent of 220 tracks (b), for atape consumption comparable to that of present consumer VCRs.

the switching transients that occur
between TV fields in the helical-scan
units. Thus, it is suitable for recording other types of high-frequency
signals in addition to video.
For another, changes in tape speed
do not present the tape-tracking
difficulties associated with the other
designs. Thus variable speeds, as in
audio recorders, are possible for
other applications.
The 100-meter loop of tape has a
continuous recording track that
yields a long playing time—about
one hour—despite the high tape
speed. In operation, the tape is
pulled through a slit in the stationary reel into the central cavity by the
capstan and the roller (see figure).
After gliding past the head and
between the capstan and the roller,
the tape loops over the reel and
winds onto its outside.
Gentle. A mere 30 grams of
tension—slightly more than 1
ounce—is sufficient to pull the
graphite-lubricated tape from the
reel, making it possible to use apressure-sensitive-tape splice in the experimental units. Because the pull is
straight, no distortion of the tape
occurs, which is possible with the
schemes used in continuous-loop
audio systems. Also, since there is
almost no tension at the take-up
point, no damage occurs there either.
Further, the head is flanked by
two guides that have ridges to fix the

74

height of the tape, and the shortness
of the distances between these
elements reduces any tendency of
the tape to vibrate—a common problem of helical-scan units. Therefore,
the complex stabilizing mechanisms
of the latter are unnecessary.
Head up. Elevating the head by
means of astepping motor results in
arecording track that winds around
the tape 220 times with atotal width
of 50 micrometers. Since the tape
width is 12.7 millimeters ('/2 inch),
an ample margin is left at the two
edges. Each turn of the track has a
playing time of 16 2/3seconds.
The track is parallel to the edge of
the tape except for a portion that
curves during the 20 milliseconds
that is required to change the head
elevation at the end of each turn.
This curve occurs at the splice,
which is detected by an optical
sensor (not shown).
The head can be shifted vertically,
and acomplete traverse of the width
of the tape takes 4.4 seconds. This
permits material at any point on the
tape to be accessed in amaximum of
21 seconds. In contrast, rewinding or
fast winding of a helical-scan cartridge averages about 3minutes.
The recording format is conventional except for the audio track.
This track is recorded as an audio
signal along the edge of the tape in
other video tape recorders, but that
is clearly not possible with this unit.

Instead, the audio signal is
recorded as an fm signal with a
carrier frequency of 1.5 megahertz
and a deviation of ± 100 kilohertz
and is multiplexed with the luminance signal, which is an fm signal
in the 3.9-to-5.4-MHz range. The
chroma signal is translated down to
a 688-kHz carrier—which is common in VCRs.
The track width of 40 gm is somewhat wider than the approximately
29 gm of long-playing VHS and
Betamax units, but it seems good for
an early prototype. On the other
hand, the 10-gm guard band—in
contrast to the lack of guard bands
in the latest two-headed helical-scan
units—is inevitable because azimuth
shift is not possible with a single
head. Still, the 1.27-m 2 area of tape
per hour of playing time is very close
to that of extended-play consumer
units and in fact is better than that
of the regular-play ones.
Longer. Although playing time of
the prototype is only 61.1 minutes,
Toshiba engineers say that they have
successfully loaded 200 meters of
tape into a standard cassette for 2
hours of playing time.
Elimination of the helical-scan
mechanism has enabled Toshiba
engineers to reduce the weight and
size of the unit to about half those of
consumer recorders. The area of the
cassette is about midway between
those of Betamax and VHS cassettes,
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Hybrid Systems
Precision Resistors: Less Cost,
Less Space, Less Hassle

Chips...
amillion in stock right now.

Packaged Networks ... to your specs .
or from our library of over 500 mask sets.

Single value center tapped. Standard absolute tolerances to 1%
(custom to 0.1%). Typical =-2ppm/ C tracking. Standard RETMA
values from 10.(.? to 301K.1!. Also standard and custom networks
... 10, 20, 30 or more resistors per chip ... combined resistance
2, 3, 4 MS? or more. Processed to MIL-STD-883 or commercial.

Standard R/ 2R networks or custom arrays.
Computer laser trimming, absolute values to 0.1%,
ratios to 0.01%, -±2ppm/°C tracking. Hermetic
TOs, DIPs, and flat packs. MIL-STD-883 or
commercial processing.
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The largest producer of thin-film resistors in the
world, Hybrid Systems can deliver 100,000 center
tapped chips or 25,000 network chips per customer
per week. More than adecade of experience and
state-of-the-art thin-film processing technology
keep us on top.

For fast results, call or write. Or circle the number(s)
on the reader service card.

Whatever the challenge, on land, sea, or in the air —
in commercial/industrial and military applications
— Hybrid Systems meets the highest standards for
reliability and performance. The quality control
begins on the drafting board, continues through every
step of the manufacturing process — and never quits.

When the chips are down .

Hybrid Systems

Crosby Drive,
Bedford, MA 01730
Phone (617) 275-1570
(TWX 710-326-7584
HYBRIDSYS BFRD)
In Europe: Hybrid Systems GmbH.
61 Darmstadt, Luisenplatz 4, Germany
Tel. 6151-291595
(TELEX 419390 1-YSY D)
;n the United Kingdom:
Hybrid (Component) Systems U.K. Ltd.
12A Park Street, Camberley, Surrey
Tel. (0276) 28128
(TELEX 858720 HYBRID G)

MILITARY STANDARD
TEST PAETMODS
AND PROCEDURES
FOR MICROELECTRONICS

Electronics international
and its height is 40% greater. It may
be possible, though, to twist the tape
somewhat and cut the height without
degrading performance.

West Germany

Magnetically soft
alloys are strong, too
Magnetic softness and high mechanical strength, both desirable properties for the materials used in everything from transformers to relays,
are seldom found together in metals
with a crystalline structure. A
metals producer in Hanau, West
Germany, has therefore found away
to make them with an amorphous
structure.
The Vitrovac group of amorphous
metals was developed by Vacuumschmelze GmbH, a subsidiary of
Siemens AG. Their magnetic softness
means that the materials can be
easily magnetized even at high
frequencies; and their mechanical
strength translates into good dimensional stability, high elastic limits,
and high resistance to wear and

abrasion. In contrast, conventional
magnetic materials are either soft
magnetically and mechanically not
very strong or magnetically hard
with good mechanical properties.
Soft. Magnetically, the Vitrovac
materials have not only ahigh maximum permeability, with values of
better than 500,000 easily obtainable, but also a low coercive force of
less than 10 milliamperes per centimeter and high saturation induction
values ranging from 0.6 to 1.2 tesla.
Further, the magnetic hysteresis
losses are lower than those of comparable magnetic materials such as
Permalloy and silicon iron.
Mechanically, the Vitrovac group
has a tensile strength better than
3,000 newtons per square millimeter—comparable to that of highquality steel. In addition, the materials have high elastic limits and are
insensitive to rough handling, even to
sharp bending.
As for electrical characteristics,
the temperature coefficient of the
materials' resistivity can be set at
between — 100 parts per million per
Kelvin and + 500 ppm/K simply by
changing the composition of the
materials. The resistivity is from two
to three times higher than that of
crystalline magnetic materials.
Handy. These properties will come
in handy in many applications, says
Hans Warlimont, the project manager for Vitrovac. The materials'
high saturation induction, he points
out, will make it possible to design
smaller inductive components. The
high resistance to wear suits them
for use in magnetic pickup heads for,
say, tape recorders, while their low
magnetic losses should benefit transformer cores.
Furthermore, their dimensional
stability and elasticity should make
them popular for magnetic shielding
devices, because, unlike conventional
high-permeability materials, they do
not lose shielding properties in
response to the bending forces comCooling. Vacuumschmelze squirts a fine
stream of melt onto a rotating drum to form
strips of magnetically soft yet strong amorphous material. The induction coil around
the tube heats the melt.
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mon in this application.
The new materials are alloys of
iron, nickel, and cobalt in varying
proportions, plus nonferromagnetic
metals like chromium and molybdenum. Additives such as boron, silicon, phosphorus, carbon, or aluminum help impede crystallization.
Chilling. To obtain an amorphous
structure, the mixture is melted and
then cooled at a rate of about
1,000,000 K per second. To cool it
that rapidly, Vacuumschmelze uses
a melt-spin process, which squirts
the melt through atiny nozzle onto a
fast-spinning drum (see photo).
Upon contact with the drum, the
thin stream solidifies so suddenly
that crystallization cannot take place
and the desired amorphous structure
is obtained instead.
Because the drum rotates, the
melt solidifies in the form of thin
strips, typically from 20 to 50 micrometers thick, depending on the
drum's rotational speed and the
melt's flow rate. These strips, which
are from 1to 25 mm wide, may then
be mechanically compressed into
small blocks.
Generally, amorphous metals can
be made only in strips not much
thicker than 50 gm. Any thicker,
Warlimont explains, and the heat
transfer from the strip's interior to
its surface during cooling would take
too long, resulting in a crystalline
structure. In addition, the material's
amorphous state is maintained only
up to a certain crystallization temperature, which may be anywhere
between 300 ° and 600 °C, depending
on the composition of the material.
The result of athree-year development effort at Vacuumschmelze, the
two or three kinds of Vitrovac materials will be offered in small amounts
beginning in April, Warlimont says.
As production increases, larger
quantities and more types will
become available.
It is too early to talk about prices,
Warlimont says, but the cost should
be low. This, he points out, will
result from large-scale production of
strips directly from the melt in just
one fairly simple and fast step. Also
contributing is the relatively low cost
of most of the raw materials.
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LEC-TRO
IP REED
LA

ELEC-TRO
DIP RELAY
*L.

,
140 STANDa MODELS
Elec-Trol now offers one of the
broadest lines of DIP Reed Relays
available. 140 different standard
models. You can select 1A, 2A.
1B, and 1C dry reed contacts with
either 3-watt or 10-watt ratings
or lA mercury-wetted with 50watt rating. All of them are available with or without clamping
diodes and with achoice of 5, 6,
12, or 24 VDC coils. For off-theshelf delivery or to ask about
samples, contact your Elec-Trol
distributor.
AUTHORIZED DISTRIBUTORS

DIP RELAYS THAT CANIIF
F
AKE A DIPPING...
FROM THE ORIGINATORS OF THE DIP
In 1968 when Elec-Trol introduced the first DIP Reed Relay
to the industry —we had two purposes in mind. One was to
provide a quality line of reed relays suited for insertion into
standard 14-pin DIP sockets or directly onto printed circuit
boards; and the other was to provide the customer with a
rugged, miniature, low-cost reed relay that could withstand
total immersion and board washing.
Today, Elec-Trol offers DIP Reed Relays in both .225"H and
.275" hl packages They are available with Form A, B, and C
dry-reed switch contacts up to 10 watts, and 50-watt Form A
mercury-wetted reed switch contacts. In addtion to providing
total protection in hazardous environments, the DIP relays
also feature high shock and vibration immunity and reed switch
contacts that are hermetically sealed for low contact resistance.
They can be driven directly by DTL/TTL logic, and they are
available in 8-pin or 14-pin terminals with or without clamping
diodes. Options include electrostatic shielding and contact run-in.
For more information, use the reader service card, or contact
your local distributor, representative, or the factory direct.
Elec-Trol, Irc., 26477 N. Golden Valley Road, Saugus, CA
91350, (213) 788-7292, (805) 252-8330. TWX 910-336-1556.

ELEC-TROL
Circle 272 on reader service card

ALABAMA
HUNTSVILLE
Component Distributors. Inc.
CALIFORNIA
IRVINE
Acacia Sales. Inc. (714) 549-095
(213) 971-2428
CALIFORNIA
SAN DIEGO
Acacia Sales. Inc. (714) 565.4.365
CALIFORNIA SUNNYVALE
Acacia Sales. Inc. ,
408) 745-7200
CALIFORNIA
VAN NUYS
Patane Avionics. Inc. (213) 988-4455
CANADA
DOWNSVIEW. ONT
Semad Electronics Ltd (416(663-56
COLORADO LAKEWOOD
Acacia Sales. Inc. ;303) 232.2882
FLORIDA CLEARWATER
Diplomat/Southland, Inc. (813) 443-4514
FLORIDA FORT LAUDERDALE
Component Distributors. Inc (305)971-49
ILLINOIS
ELK GROVE VILLAGE
Diplomat/Lakeland. Inc. (312 595-1000
MASSACHUSETTS HOLLISTON
Diplomat, New England. Inc. (617)429-4121
MICHIGAN
FARMINGTON
Diplomat /Northland. Inc. (313) 477-3200
MINNESOTA
MINNEAPOLIS
Diplomat/Electro-Com. Inc. (612) 788-8601
MISSOURI
ST. LOUIS
Diplomat/St. Louis, Inc. (314: 645-8550
NEW JERSEY EDISON
Brothers Electronics. Inc. (201) 985-3000
NEW YORK
MT VERNON
Sonkin Electronic Distribution. Inc.
(914) 668-9809
OHIO SOLON (CLEVELAND)
Repco (216) 248-8900
PENNSYLVANIA
HUNTINGDON VALLEY
Shap Electronics Co.. Inc. (215) 322-7150
TEXAS
DALLAS
Solid State Electronics Co. of Texas. Inc.
(214) 352-2601
TEXAS
HOUSTON
Harrison Equipment Co (713) 652-4750
Solid State Electronics Co. of Texas. Inc.
(713)772-8510
UTAH SALT LAKE CITY
Diplomat/Alta-Land. Inc (801) 486 4
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Can your sales engineer be here

When it's TRW,
the answer is
yes.

When you consider that TRW
has over 250 people in more than
50 sales offices nationwide, with
factory engineering and marketing staffs to help them, you can
understand how we can make
that statement.
TRW recognizes that service,
before and after the sale, is as
important as consistent quality
and competitive prices. When you

TRW CAPACITORS

TRW CINCH CONNECTORS
TRW CINCH-GRAPHIK
TRW CINCH-MONADNOCK
TRW ELECTRONIC FUNCTIONS
TRW GLOBE MOTORS

need help, or an answer in a hurry,
we'll get it to you.
When you want "yes" for an
answer, call your nearest TRW/ECD
sales office.
You'll find it listed in EEM, Electronics Buyers' Guide, Who's
Who in Electronics, the Electronic
Industry Telephone Directory and
the Electronic Buyers' Handbook.

TRW INDUCTIVE PRODUCTS
TRW /RC NETWORKS
TRW /AC RESISTORS
TRW LSI PRODUCTS
TRW POWER SEMICONDUCTORS
TRW RF SEMICONDUCTORS

TRW HOLYOKE WIRE & CABLE

TRW ELECTRONIC COMPONENTS
DIVISIONS OF TRW INC.
Circle 79 on reader service card

FOR

Intel's amazing new generation
Intellec Series II
Microcomputer Development Systems
...everything you'll ever need to
develop amicrocomputer-based product.

fully integrated, packaged tools for developing and
testing your microcomputer-based products.
They'll each fit easily on your lab bench to help
cut months from your design cycle.
You can rent the newest generation microcomputer development systems today from REI and start taking advantage
immediately of the fast, flexible and cost-efficient Intellec
systems. Each can help you build amore reliable product.
And because these new Intellec systems are so compact,
they use less of your valuable laboratory bench space than
any other microcomputer development aid on the market.

Model 230 is the most powerful member of the Intellec
Series II family, providing you two double-density
floppy diskettes with over l-million bytes of on-line
data storage, 64K bytes of RAM and an integral CRT.
The compact Model 230 also gives you adetachable, typewriter-style keyboard with upper and lower case characters
and cursor controls. Its powerful ISIS-II Diskette Operating
System has relocatable and linkable software and allows the
use of two high-level programming languages, PL/M-80 and
FORTRAN 80, plus the microcomputer industry's most
comprehensive line of macro assemblers. The system has over
l-million bytes of on-line diskette storage and will support
up to 2-million total bytes. The System Monitor (in ROM
memory) provides aSelf-Test system diagnostic, and interfaces for aprinter, paper tape reader/punch and universal
PROM programmer are also provided. Model 230 gives you
access to all the tools needed for your development work,
including software editors, assemblers, compilers and
debuggers, plus Intel's famous In-Circuit Emulators—
ICE-80, ICE-85, and ICE-48.

For medium-scale system development,
you can rent the Model 220. Now.

You can extend the powerful resources of an Intellec
Series II system into your own prototype for fast
and efficient software debug in your product's final
hardware environment. Just put your product on ICE
... ICE-80, ICE-85, or ICE-48,
all off-the-shelf at REL

The Intellec Model 220 is also acomplete packaged
development system. It has an interactive, 2,000 character
CRT with typewriter-style keyboard and afull-sized 256K
byte floppy diskette drive and 6-slot MULTIBUS card cage
in one compact unit. Model 220 gives you 32K bytes of
RAM program memory and 4K bytes of ROM. The ISIS-II
Diskette Operating System has arelocating 8080/8085
assembler, and the new system interfaces directly
to the ICE In-Circuit Emulators.

To emulate your own CPU or your entire prototype system in
real-time or single-step mode, simply rent the appropriate
In-Circuit Emulator module to match your system's microprocessor. And you can begin software debugging as soon as
your prototype has aprocessor socket and bus structure.

The Intellec Model 210 rents for the lowest price of
any packaged, full support development
system available —anywhere.

Capability-enhancing peripherals are
available for short-term rental, too.
You can add to the already extensive capabilities of the Intellec
Series 11 system with avariety of immediately available
peripherals. These include two Intellec Printers, two diskettebased peripherals (one single-density with
bytes of
storage, the other double-density with 1-million bytes of
storage). You can also choose ahigh-speed paper tape reader
and a • rsal PROM pr
of which
rent t
m REI.

Model 210 gives you the minimum system required for the
rapid, efficient development of microcomputer software. It
has aROM-based editor/assembler combination which allows
the development of small 8080 or 8085 programs
completely in RAM memory, which minimizes your use of
paper tape. Plus, you can also rent aROM assembler/editor
for Intel's family of MCS-48 single-chip microcomputers.
The compact Model 210 has 32K bytes of RAM, 24K bytes
of ROM and its own microprocessor. Self-test diagnostics
capability is built-in. And it's easy to get started, too. All
you have to do is interface the Intellec 210 to your terminal.

More than 12,871 state-of-the-art instruments ...

Iwant to know more about the Intellec Series II now!
Tell me more about: ID Model 230 I: Model 220

Model 210

Call me at
El Send me acopy of your free illustrated Rental Catalog.
D Imight be interested in buying—on amoney-back guarantee—some of
your late-model, well-maintained "previously owned" equipment. Send me
your just-published Equipment Sales Catalog.
Also, Ihave apressing need right now for the following:
Please phone me immediately at
NAME

TITLE

COMPANY
ADDRESS
CITY
PHONE NUMBER

STATE

ZIP

EXTENSION

Complete this coupon and return it today to
RE!, 19347 Londelius St., Northridge, CA 91324.

GSA #GS-04S-21963 Neg

1111tIMI.
II
a
I
a•

/1111114

de

Northridge, CA (213) 993-7368
Anaheim, CA (714) 879-0561
Mountain View, CA (415) 968-8845
Dallas, TX (214) 661-8082
Houston, TX (713) 780-7218
Burlington, MA (617) 273-2770
0,11dand, NJ (201) 337-3757; Gaithersburg, MD (301) 948-0620
Des P,ames, IL (312) 827-6670; Ft. Lauderdale, FL (305) 771-3500
Cleveland, OH (216) 442-8080, Seattle, WA (206) 641-6444

entai

ectronics,

Reitdale, Ontario (416) 675Vancouver BC (604)
Montreal, Quebec (541) 68
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UNIQUE R-N SINGLE CONTACT
DESIGN PROVES SUPERIOR
They deliver 4 times greater holding force on
your IC leads.
In atough. 50-G shock test of 25 ICL sockets—
not asingle IC package came loose from the socket!
More convincing proof that vibration problems are
ended with R-N's new low profile ICL sockets.
Socket density in multi-layer board can now be
increased without sacrificing reliability.
...and this FULL LINE of low-profile R-N ICL
sockets is priced very, very competitively.
Beryllium copper
for 36% greater
contact strength
than other commonly
used contact alloys.

Self lock leads hold
socket firmly during
high speed wave
soldering. Also. this
"bump - restricts solder
flow and prevents
solder wicking

'Back fold - contact
design provides
longer spring contact
for maximum
pressure against
IC lead.

"Side wipe"
design meets
flat, smooth
side of IC lead
for perfect
contact

IDEBIO

low profile DIP socket MYTH
"...TWO contacts
are not
more reliable
than ONE?"
Surprisingly, a low profile (.150" high) DIP
socket is adifferent breed of cat when it comes to
engineering in contact reliability. Most standard
DIP sockets have dual contacts. (R-N's dual
"side-wipe" contacts are among the most reliable
in the industry.) But, when you shorten the
contact length to achieve the "low profile" you
lose agreat deal of contact force and IC retention strength. So, to achieve effective low profile
socket reliability you must redesign the contacts
and make them out of the strongest contact
material available.

AVERAGE
3.5 oz.
minimum
withdrawal
force

Fat-Skinny TESTS PROVE*
that R-N "back fold side-wipe"
SINGLE CONTACT design
for low profile sockets
provides —
4 TIMES SETIER
IC RETENTION FORCE
than competitive
low profile dual-leaf sockets

Minimum withdrawal forces:
.8 oz.

.7 oz.
.3 oz.

RN
SOCKET
SOCKET
SOCKET
SOCKET
* In "Fat Skinny test: withdrawal forces are measured using the smallest size
1.(X)8" Ilead after insertion of largest size 1.012" lead.

Representative NORMAL FORCE Test Scores for 10 R-N
ICL low profile sockets
TEST SOCKET

NORMAL FORCE *

410
465
480
465
395
425
465
395

grams
grams
grams
grams
grams
grams
grams
grams
410 grams
425 grams

1

2
3
4
5
6
7
8

9
10

Low .150" profile of ICL socket reduces board
density by 26%.

AVERAGE— 430 grams
This force is 4to 5times greater than average dual contact socket NORMAL FORCE
* NORMAL FORCE

means force perpendicular or at right angles to IC lead. The single

ICL contact exerts this kind of force against the IC lead when inserted into the socket.

WRITE TODAY for latest R-N "Short Form" Catalog of R N production DIP sockets.
Contains full specs. dimensions and material data. Get yours now.

"offPFArsizar

ArlIEISI/7;AVM
800 East Eighth Street, New Albany, Indiana 47150 •Phone: (812) 945-0211 —TWX: 810-540-4082
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Teradyne finds the practical solution.
No. 10 in aseries.

The chroma generator
Color it clever.

«S\
Converting acolor teledc voltage, ac voltage, or phase
vision signal into a
(corresponding to brightness, color
screen full of "The Mupsaturation, and color information,
pets" is only slightly less
respectively). Since color informacomplicated than unu, tion is actually transmitted in the
scrambling an egg. The
Jrtj,i
form of phase angles, phase
rf signal appearing at the
measurement is especially
00 ooI
receiver front end is ajumble
critical in chroma testing.
of modulated subcarriers and
The chroma voltmeter is
synchronizing signals, all of which
more than equal to the task.
must be delicately picked off and conFirst it measures the aververted into information the picture tube
age values of the in-phase and
can handle.
quadrature components of the signal;
then,
from the ratio of the two values
The toughest unscrambling job of all falls to the
thus
measured
the voltmeter derives phase
chroma demodulator, whose synchronous
angle (4) = arc tan of the ratio of the two
detectors must pull the color information out of
average voltages).
aphase-modulated subcarrier and combine it
with brightness information to create the proper
By writing a one-line software instruction
mixtures of primary colors at the video outfor each of the 16 segments, the user can
put stage.
develop aperiodic waveform that will simulate the desired range of chroma input
To test the chroma demodulator (in
signals. Also under software control are a
today's TV sets, integrated circuits), it is necesnumber
of other variables, including voltmeter
sary to apply amodulated test signal at the approprioperating
modes, subcarrier frequency and ampliate subcarrier frequency and then accurately meastude,
and
scale
factor and attenuation of the video
ure anumber of phase-sensitive output voltages at
waveform.
Test
procedures differ for the American
the device output.
and
European
systems
(NTSC and PAL), and this
In practice, most of today's chroma demodulators
choice is also made in software.
are tested on Teradyne J273 Linear IC Test Systems
equipped with a "chroma generator" specially Thanks to the J273 and its chroma generator, today's
designed to develop the convoluted waveforms that chroma demodulator can be rigorously tested on the
are required. The output of the chroma generator's production line in well under asecond. The story
output consists of 16 segments, each of which is doesn't end there, of course, for device designers
programmable in time, dc level, and subcarrier are now busy adding more circuits to the same chip,
level. In addition, three separate "event" outputs while Teradyne's linear-test engineers are just as
can be programmed to provide keying pulses wher- busy developing new automatic test techniques.
ever they are needed. Finally, agated voltmeter can After all, once you have unscrambled an egg, why
be programmed to measure, in any given segment,
not build ahen?
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Probing the news

Analysis of technology and business developrnpnls

Alphas stymie statics
Research in soft-error phenomena reveals new alpha particle mechanisms
and indicates certain static designs may be susceptible
by Raymond P. Capece, Solid State Editor
One semiconductor giant has assigned it top priority. Another has
built a special memory-test system
for it. And athird brought in 20 tons
of lead to research it. "It" is the soft
error effect in memories caused by
alpha particle radiation.
Bad enough that the problem was
uncovered in dynamic randomaccess memories and charge-coupled
devices [Electronics, June 8, 1978,
p. 42]; now evidence shows that
those gremlins can also attack static
memories. To complicate the situation, memory makers cannot agree
on the importance of the problem.
At aconference last year, aquestion from the audience about alpha
particle errors in statics brought a
roar of laughter. But when Richard
D. Pashley, head of static memory
design at Intel Corp.'s Aloha, Ore.,
Memory Products division, mentioned the effects of alpha particles
on his company's forthcoming highspeed 16-K static, he was deadly serious: "We haven't compiled any
figures yet," he said at the Interna-

tional Solid State Circuits Conference in Philadelphia last month,
"but alpha-particle hits have affected data in our 16-K RAM."
Pashley's revelation had to do with
the fact that the 16-K part was
Intel's first production static designed with polysilicon load resistors.
The memory cells of most statics are
flip-flops, which can be built with
either six or four transistors and a
pair of load resistors; alpha particles
bother only the polysilicon-load designs. The tiny current normally
flowing through the load can be
overpowered by the charge flow that
occurs when an alpha particle hits—
and the result is that the flip-flop
gets flipped.
Consequences. Several memory
makers have switched to the polysilicon resistor in the past few years to
reduce chip size and power dissipation over six-transistor designs. The
polysilicon loads can cut power
dramatically, but if that resistor is
too large, the RAM falls prey to
alpha radiation.

The developer of polysilicon loads,
Semi Inc., Phoenix, Ariz.,
which has five years of experience
with the resistors, smells a red
herring: "We found the problem
years ago and licked it," claims John
Hartman, product development
manager at EMM Semi. "By bringing
it up, Pashley may be making trouble for the whole static-memory
industry," he charges.
Hartman says that EMM Semi
makes its parts alpha-immune by
limiting resistor values. "We hold
loads in the lowest power parts to 50
megohms and in the highest speed
parts to 1megohm," he explains.
To many memory makers, lowpower parts have been a particular
problem. To reduce power, some
chip makers resorted to undoped
polysilicon resistors that squeeze
current down to a few picoamperes.
Mostek Corp., Carrollton, Texas,
had problems with its 4104, the
lowest-power 4-K static on the market—it seems the difficulty was with
the part's 2-gigohm load resistors—
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Alpha blues. Research on alpha errors in dynamic RAMs reveals problems beyond those in (a). where is flip to Os. Bit-sense lines are also
vulnerable, and alphas can even attack static RAMs. Good news: RAMs using an epitaxial process (b) may reduce soft errors by 100 times.
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Probing the news
and, says Darrell Rinerson, senior product engineer, Mostek has
since had no alpha-radiation problems with other 4-K parts; nor have
any cropped up with the company's
4118 8-K statics. "But it has not yet
been determined whether soft errors
will be aproblem with 16-K statics,"
he warns.
High-speed trap. To date Texas
Instruments Inc. makes only moderate-speed 4-K statics with poly loads.
According to Dick Gossen, manager
of mos memory development, alpha
particle problems do not yet exist,
though he expects some changes:
"We haven't seen soft errors yet, but
I'm sure we will."
Gossen worries that the highspeed designs of future statics will be
susceptible to radiation. "One way to
boost speed is to reduce the voltage
swings of the flip-flop; with the
states of each half of the circuit
separated by only avolt or two, the
margins will get uncomfortably
close." This may in part be why
Intel's 16-K part, which aims at a
55-nanosecond access time, encountered difficulty.
Coincidentally, the same mechanism by which alpha particles affect
statics has produced previously unexplained errors in dynamic devices.
At first it was believed that the main
cause of soft errors in dynamic RAms
was alpha particles coming to rest
near charge-storage wells. The alphas crash through the silicon,
producing numerous electron-hole
pairs—a million or so—that are
swept by the electric field to fill
potential empty wells. This action
changes is to Os.
New evidence, however, indicates
that alphas stopping near bit-sense
lines are really the major culprits.
(Statics, too, have bit-sense lines
that can be susceptible to alphas.)
"If only wells were involved, the
errors would show as is becoming
Os," explains Intel physicist Timothy
C. May. "But we see a significant
number of Os becoming 1
s."
The discovery led Intel to try to
find new solutions, mostly through
the use of "cooler" (more radiationfree) packaging material. "Even
with package material that's one
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tenth as radioactive as today's,"
cautions May, "a 64-K dynamic
RAM built simply as an extension of
16-K rules will have significant softerror problems."
Intel's newest approach involves
timing on the bit-sense lines. According to physicist May, the charge
would have to be collected on the
sense line during the brief period—
about 10 to 40 nanoseconds—when
the line is essentially floating or in a
high-impedance state, making the
source of error dependent on the
chip's cycle time. Intel's tests on 16K dynamic RAMS have indeed confirmed that soft errors increase with
increased cycles.
Use the dependency. Thus, says
May, designers should take advantage of that cyclic dependency in the
sense lines. "Shortening the time the
sense lines are floating, as well as
making changes in the layout of the
lines, will significantly decrease the
error rate," he declares.
Of course, it's all a percentage
game, and coupling May's design
techniques with others should stave
off radiation. "If you include errorcorrecting memory system designs,
then the alpha particle problem will
definitely be under control into the
next generation of dynamic RAms —
the 256-K chip," Mostek's Rinerson
maintains.
To muddle the situation further,
however, some new data on alphas
has been compiled by Bell Laboratories. At a meeting before isscc last
month, D. S. Yaney and J. T. Nelson
of Bell Labs, Murray Hill, N. J.,
revealed that the troublemaking
electron-hole pairs produced by the
particles, which travel 50 micrometers or more through silicon, recombine within as short a distance as 1
µm in a heavily doped region. That
news elated Bell, since it builds its
dynamic memories with an epitaxial
process that puts a thin (4-µm) player on top of ap+ substrate. Bell's
findings: a soft error rate onehundredth that of industry-standard
RAMS.

The news also excited T.J. Rodgers, manager of the memory department at American Microsystems
Inc., who developed Ami's V-groove
MOs—which also uses an epitaxial
process. "v-mos just might be inherently less susceptible to alpha parti-

cles, but I've got abit of experimenting to do before I'll be able to find
out for sure," Rodgers says.
Packaging materials still play the
most important role in securing
minimal-error devices. "At the very
high end of the radiation range of
packaging materials we're getting a
probability of two alphas per refresh
cycle per cell and the likelihood of
very high error rates," Intel's May
explains.
Ceramic materials are an Intel
target. "Even though they may be
cooler than other materials in the
package, most of the dice area is
exposed to the ceramic," he explains.
Intel's May claims that Japanese
ceramics are running cooler than
those from the U. S.
Many manufacturers and users
believe the alpha particle problem is
inflated. "There are many other
sources of soft errors," says one mos
marketing manager, "like powersupply fluctuations and all kinds of
system noise; alpha radiation is just
one small part." A failure is a failure, however, and memory makers
are finding their image at stake.
Customers might even begin to specify a maximum allowable soft-error
rate on the chips they buy. The gravity of the problem is indicated,
though, by the papers to be given at
the International Reliability Physics
Symposium in San Francisco on
April 24-26: at least a half dozen
will focus on alphas.
Changing needs. Therefore, mos
memory makers now realize that
new test and measurement equipment as well as new techniques will
be needed to sell RAMs. Chip manufacturers must be able, for example,
to measure radioactivity down to
flux values lower than 0.1 alpha
particle per square centimeter per
hour to isolate the coolest packaging
material.
At first, Intel was counting alpha
particles directly with various scintillation counter schemes, finally settling on one that was 75% to 80%
efficient and had resolution of 0.01
alpha per square centimeter per
hour. May says now that better resolution can be achieved by counting
gamma radiation from high-energy
sources and then by extrapolating
back to obtain apicture of the alpha
radioactivity.
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What we put in
makes ours better.

That's why leading manufacturers,
worldwide, are switching to General
Instrument's rectifiers and bridges.
You shouldn't have to worry about rectifier failures - during
assembly or after your products are in use. That's our job. But we
don't like to worry either, so we build them better from the start.

SUPERECTIli

®

The world's best rectifier. Metallurgically bonded by brazing (at
greater than 600°C) at both leads and junction to eliminate component failures caused by stresses from automatic insertion and wave
soldering. Glass passivated, providing extra reliability exceeding military
and environmental requirements. And finally, encapsulated with our UL
listed flame retardant epoxy, for uniform size, clear marking, and easy
handling. And all this at a low, low price.
Plus a complete selection of plastic and glass axial leaded rectifiers
rated up to 6 amps, and 5000 volts, including fast recovery and controlled avalanche types.

BRIDGES

For those applications requiring bridge ci'cuits, General Instrument's
complete line of silicon bridges offers most configurations from 0.5 amp
to 35 amp -including center taps and doublers. For additional information, call or write for our complete catalog.
GENERAL INSTRUMENT CORPORATION
DISCRETE SEMICONDUCTOR DIVISION
600 West John Street. Hicksville. New York 11802
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Microcomputers

Chip, mini makers squaring off
While computer companies are slicing silicon,
semiconductor houses are boxing systems and selling software
by John G. Posa, Microsystems & Software Editor

Digital Equipment Corp. in effect
puts its PDP-11/34 central processing unit onto a single board. Data
General Corp. announces a new
microNova chip as well as two new
computer families that triple the
performance of previous microNova
products in less than a third the
space [Electronics, March 1, p. 182].
And semiconductor houses like Intel
Corp. are bullish on 16-bit devices
and related software.
What's behind these role reversals
in the world of microcomputers?
Some competitors say they are not
significant—that markets are and
will continue to be clearly segmented
into well-defined slots for the minicomputer companies and the chip
makers. Others, however, contend
that a real battle over markets is in
store.
These markets have been traditionally separated for a variety of
reasons. For one, the chip makers

have just recently begun to move
their devices and board products into
the 16-bit minicomputer arena. But
other factors, including type of user,
software support, peripheral products plus service and distribution
channels, not to mention expertise in
large-scale integrated circuitry, have
also kept the two sides apart.
With the advent of 16-bit devices,
these distinctions are blurring. Silicon houses are getting more aggressive with chip and board performance and software support. Indeed,
at least one promised part, the
M68000 from Motorola Microcomputer Group in Austin, Texas,
will sport numerous 32-bit attributes. Soon after the devices are
introduced, they are incorporated
onto board computers by the chip
makers themselves.
The iSBC 86/12, a 16-bit CPU
board from Intel Corp., Santa Clara,
Calif., is nothing for the mini makers

UNIBUS
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POP-11/20
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LSI-11/231

MULTIPLE
BUSES

LSI-11 BUS

to scoff at. It features a dual-port
and an architecture well suited
for master-slave configurations.
Meanwhile, in the past year, Zilog,
an Exxon affiliate, Cupertino, Calif.,
announced Cobol, Fortran, and Basic for its Z80 processor; later this
year, it will also support Pascal. This
is quite an arsenal of applications
languages for asemiconductor company.
Switching. On the other hand, the
integrated circuits being produced
by some of the minicomputer manufacturers in their own fabrication
plants are both sophisticated and
competitively priced. Data General
of Westboro, Mass., has microNova
chips that execute the 16-bit Nova
instruction set and have hardware
multiply and divide. DEC of Maynard, Mass., is also toying with selling its new chip set, created with
n-channel polysilicon-gate depletionload mos technology—not unlike
that used by Intel, for example, to
make its 8086.
"Minicomputer manufacturers
have backed down on some of their
policies," comments Ed Zander,
marketing manager for microproducts at Data General. "We are
making chips. But the chip makers
are doing things differently now
too—they're designing a lot of software and they're licensing it."
Clearly the minicomputer manufacturers are not going to scale down
to 8 bits. That is a high-volume,
second-source business that they
want no part of. The competition, if
RAM

Down and over. The LS1-11/23

16-bit

microcomputer can execute programs two

RELATIVE PERFORMANCE

to four times as fast as earlier LSI-11s and is
SOURCE
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90% as fast as the POP-11/ 34.
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Inside the LSI-11/23
With DEC's LSI-11/23 comes a number of product announcements [Electronics, March 1, p. 34]. The heart of the system is a 16-bit central processing unit called the KDF11-AA. But also involved are a multifunction board, a
universal programmable read-only memory board, an erasablePROM /PROM /ROM board, and a low-cost mounting chassis with power
supply included.
The CPU board, designed for the LSI-11 bus, uses three new custom DEC
chips. Two of them, for data and control, implement the basic processor.
They are both in one 40-pin dual in-line package. The data chip takes care of
math and logic functions, address- and data-bus transfers, and most interchip communications. The control chip contains the control store ROM; it
sequences through the microprograms.
The third chip is a memory-management unit (MMU). It makes available
two multiuser software modes (kernel and user), ups the addressing range
from 16 to 18 bits (64 to 256 kilobytes), allows more than one program to
reside in memory at the same time, and protects resources.
With an optional double IC, 46 floating-point instructions (the same found
on the PDP-11/34, /60, and /70) are also provided. This allows floatingpoint math to be performed 5 to 10 times faster than if written with basic
instruction-set software. Because the routines are in microcode rather than a
higher-level language, memory space is also conserved. The MMU contains
the floating-point registers and accumulators, so it must be installed before
this option can be used.
The multifunction board contains 8 kilobytes of ROM, 32 kilobytes of RAM,
a crystal-controlled 60-Hz clock, and a serial input/output line for connection to a data terminal, mass-storage device, or the new PROM programmer.
In conjunction with any LSI-11 CPU, this creates a compact and capable
computing machine. The LSI-11/23 has the total functionality of the PDP11/34. It is capable of running real-time, multitasking software during
development and run time.

any, will occur as the silicon vendors
grow up to meet the minis. "Microprocessors are basically applied in
two ways," says Thomas Walton,
marketing manager for microproducts at DEC. "One is for logic
replacement, and the other is for
data processing. We can apply minicomputer performance against the
middle and upper ranges of microprocessors used for data processing,
but we do not want to be in the logic
replacement business."
"Our 16-bit boards are an extension of our existing Multibuscompatible product base as opposed
to a scaled-down minicomputer,"
remarks Jim Lally, Intel's operations
manager for microcomputer systems
for original-equipment manufacturers. "There will always be some fractional overlap—people buying more
capability than they need—but in
general the market is cleanly segmented due to strategies that are
totally different. For instance, our
operating system is PROM-based—it
resides in read-only rather than
random-access memory."
Existing markets may be distinct.

But new markets are always being
created as the present ones expand,
and it is not yet clear who will get
that business.
Niche hunting. "There are application areas, like small business systems, where computing has been
alien either conceptually or because
of high cost," observes Charlie Bass,
general manager of Zilog's system
division. He believes that this market
and others are still up for grabs.
"We're looking at the way minicomputer people have handled their
traditional marketing and distribution, and they're looking at the technology," he says. "We're converging
and it's going to be head to head."
The migration by the chipmakers
into more powerful hardware really
began with the advent of the development system. Bass feels the next
step is to provide for multi-user
interconnection "to begin doing
some geographically distributed networking." Beyond that is the next
generation of 16-bit processors.
"When that product hits the street,
the overlap will be even more
dramatic," Bass contends.
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MATROX has the most complete line of
CRT display boards for DEC's
PDP-II and LSI-11 bus in the
industry. We have alphanumerics:
graphics; color; black and white; variable resolution; external/internal sync;
50/60 Hz; software and much, much
more. Just plug the board in any
PDPILS1-11 bus connect video to any
standard TV monitor, and presto, you
have added acomplete display to your
system at asurprisingly low cost.
LS1-11 BUS

MLSI-2480
MLSI-256
MLSI-512 x 256
MLS1-512
MLS1-1024
PDP-II BUS

MDC-2480
MDC-256
MDC-512 x 256
MDC-512
MDC-1024

24 x 80 alphanumeric;
256 x 256 dot graphics
512 x 256 graphics
512 x 512 graphics
1024 x 256 graphics

5350 •
S 650
5850
51150
$1150

24 x 80 alphanumencs
256 x 256 dot graphics
512 x 256 graphics
512 x 512 graphics
1024 s 256 graphics

5350
5650
$ 850
$1150
$1150

And we have other uP displays and
display controllers. These include state
of the art OEM alphanumeric LED displays, alphanumeric video RAM's and
CRT graphics controllers. They come
as complete, ready to use sub-systems
(single chips, modules, PCB's). Many
of them are plug-in compatible with
other buses (Multibus SBC-80, S-100,
Exorciser, STD Prolog). If we don't
have the display you require, we will
design it for you.
IF YOU NEED A DISPLAY FOR YOUR uP. LET US KNOW.
WE ARE READY TO HELP YOU.
"100 quant
a•Z

motion electronic ipterno ltd.

2795 BATES RD
TEl
U
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Probing the news

Communications

Military acts in digital Drama
The services are falling into line behind digital radios
for both line-of-sight and tactical troposcatter units
by Harvey J. Hindin, Communications & Microwave Editor

Military communications has come a
long way since the 1850s when on a
good day the U. S cavalry was able
to use a sun reflector to send a
message 125 miles without a relay
station. That manual system used a
Morse-like digital code and was
easily encryptable.
Today the military is using digital
procedures again and encryption is
even more popular, though the
equipment of course wears amodern
uniform. Sometimes it is upgraded
commercial equipment, like new digital line-of-sight gear; at other times
it is custom-designed, like a new
troposcatter system. In fact, military
digital microwave radio equipment,
more often than not, is the catalyst
for advances in the commercial state
of the art.
The swing to digital technology is

due simply to the availability of
inexpensive large-scale integrated
circuits for system implementation.
Perhaps even more important from
the military point of view, digital
coding makes for easier encryption
than do analog procedures.
Compatibility. Just like any other
organization with asubstantial base
of installed equipment, military services have to amortize their communications equipment over along period. So, compatibility with existing
equipment and cost-effectiveness is
very much the name of the game.
Digital line-of-sight microwave radios are well-suited for interfacing to
the overseas portion of the U. S.
Defense Communication System
(Dcs) where U. S. Governmentowned facilities are extensively used.
Under the Digital Radio and Multi-

One of three. Depending on requirements, the military can choose from three different
AN/TRC-170 troposcatter systems. This one has the maximum range-200 miles.
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plex Acquisition program (Drama),
the Army is responsible for acquiring suitable modified, commercially
developed digital communications
equipment. The acceptance criteria
included achievement of desired performance, operational capability in
host countries, and ability to operate
in conjunction with other systems.
Drama. The first result of this
effort is the Drama digital radio.
This radio is expected to be tested in
prototype form in 1979, go into
production in 1980, and be installed
first in Germany and Hawaii. It can
handle a maximum data rate of 26
megabits per second using conventional multiplexing hierarchies such
as the Bell System T1standard.
Depending on the digital modulation scheme used, the digitization of
radio channels doubles or even
quadruples radio-frequency spectrum requirements compared to the
equivalent analog frequency-modulation approach. Spectrum is therefore provided by agreement with the
host nation, because bandwidth conservation is important. So Federal
Communications Commission Dockett 19311, intended for spectrum
control of high-capacity systems,
was imposed on Drama since there
were no applicable European standards at the time it was specified.
Again, keeping compatibility in
mind, the radio system amplification
was chosen to allow digitization of
90% of the existing fm links with no
antenna reconstruction. The radios
are being produced by TRW's Defense Systems and Space Group in
Redondo Beach, Calif. and according to J. R. Mensch of the Defense
Communications Engineering Center in Reston, Va., they will meet the
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Has your
power supply
vendor
left you
high & dry?
If you're involved in aprogram to
replace apower supply that is no longer
available or your previous supplier is no
longer around or can't deliver, Powercube
standard modular power circuits may be
the answer.
Used for over adecade by contractors
for major military and space programs,
these proven 1" \ 1" x 2" Cirkitblockn
modules meet the toughest specs for size,
weight, performance and environment.
We can optimize your design and
save you money without getting bogged
down in component selection, vendor
delays or interface problems. Most
Cirkitblock preregulators, power
generators and output modules are
available off the shelf.
Call the quick action company
617-667-9500 or circle the reader
response number.

POWER CUBE
A SUBSIOARY OF UNITRODE CORPORATION

POWERCUBE CORPORATION
EIGHT SUBURBAN PARK DRIVE
BILLERICA. MASSACHUSETTS 01821
1617) 667-9500
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IJUST SPENT
A LOT OF MONEY
ON AN
AUTOMATIC
WIRE WRAPPING
MACHNE.
NOW QA WANTS
ME TO BUY ATE!
WHY ?
In most cases automatic machines are
used to wrap 85 to 90% of the wiring only
and wiring is completed by manual
means prone to error rates of several
additional percentage points.
Automatic wire wrapping machines have
reduced wiring errors considerably from
previous manual means to aneighborhood of .1% or less. However, the number
of wire wrapped points on typical panels
have continued to rise. It is common to see
5,000 to 10,000 terminations with some
to 30,000 points. These panels, with .1"
errors, could show 5 to 25 errors per
panel. Visual inspection will not find the
"mis -wires." They are discovered in the
system test area where "costs to detect"
have been multiplied 10 fold.
Wire nicks due to routing over pins or
insulation damage caused by wire build
up, are not detected at system test level
and can cause future expensive field
problems.
"Cold Flow" shorts associated with tight
routing of wires can only be found by
electrical testing.
Due to the complexity of system software/
hardware interleaving it is impossible to
completely test all combinations of wiring
at system test level increasing the probability undetected wiring errors will be
passed through to the customer.
Pay back periods on ATE have been
shown to be eighteen months or less with
some as quickly as twelve months. Where
bottom line profit is important, ATE shows
agood ROI.
The Difference in Testing!

DIT-MCO INTERNATIONAL
CORPORATION
5612 Brighton TerraLe
Kansas City. Missouri 64130
Telephone (816) 444.9700
lrlex Number 42 6149
European Technical Representative
RADIX HOUSE
Central Trading Estate
Staines Middlesex TW18.4.XA. England
Telephone (0784) 51444
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requirements for digital line-of-sight
transmission in the defense communication system for many years in
the future. "The current anticipated
production price for the radio is very
compatible and competitive with the
center's existing fm standard radio.
Operation and maintenance costs,
however, are expected to be considerably less," Mensch states.
The cost-effectiveness of the digital conversion is very good in this
case. When this benefit is added to
the radio's state-of-the-art capabilities in space and frequency diversity,
ready interface with standard military KG-81 cryptographic equipment and low probability of failure
(once per 100,000 hours), it's clear
why Mensch is enthusiastic.
Troposcatter next. In use since the
mid-1950s, the military's tactical
troposcatter communications system
is an analog design that is getting
harder to maintain and "even if
retrofitted can accommodate only
very low data rates," says Walter J.
Conner of the Raytheon Co. in
Sudbury, Mass. To solve this problem, Raytheon developed the alldigital AN/TRC-170 troposcatter
radio for the Tri -Service Tactical
Communication Program (TRI-TAC).
This radio, in contrast to the older
analog radio, which suffers performance degradation due to multiple
propagation-caused time delays, can
compensate for the delay. Available
in three versions, depending on range
(100, 150, or 200 miles), the 4.4to-5.0-gigahertz radio achieves a bit
error rate of 1in 10°.
The key to this performance,
unheard of for a troposcatter radio,
according to M. G. Unkauf of Raytheon, is adistortion adaptive receiver (DAR). This receiver minimizes
modulator-demodulator blurring or
intersymbol interference between
adjacent or closely spaced data bits
that the delay causes.
At the transmitter the data stream
is gated to produce an off time
between adjacent bits. If the effective duration of the multipath delay
encountered in the troposphere
transmission is less than the off
time—a typical case—the pulses
may be distorted, but the intersym-

bol interference will be small and the
pulses will not overlap. Since the
distortion effects change very slowly
compared to the megabit data rate
of interest, the received signal looks
like a data stream of identically
distorted, nonoverlapping data bits.
"The system was designed for
multipath experimental data that
was available to us," says Geoffrey
Smith of Raytheon. "Typically, this
means delays from 0.1 microsecond
to 0.3 µs."
The receiver looks like an adaptive
matched filter, which means that
each received data pulse is multiplied by areceiver-generated replica
or reference signal. The resulting
product is then put through an integrating circuit that operates over the
time duration of each pulse.
Examination of the sign of the
in-phase and quadrature components
of the result of the integration lets
the final level—a 1or a 0—of the
data pulse be determined and reproduced. The advantage of the DAR
approach is that it does not require
sophisticated and expensive adaptive
equalization —a signal-processing
technique—at the receiver for intersymbol interference correction and
yields near theoretically optimum
performance anyway. Since the DAR
is also quite suitable for digital
implementation, it turns out to be
another cost-effective solution.
The only problem, says Smith, is
that the transmitter gating about
halves the net transmitted power,
causing reception problems. Raytheon therefore recovers most of the
lost power by sending two signals at
a time by means of two properly
interleaved subcarriers.
Narrow. Some 99% of the transmitted power is confined in either a
3.5- or 7.0-MHz band around the
carrier, so that spectrum utilization
is minimized. The radio can handle
up to 2.048 mb/s and encryption can
be readily provided by external,
Government-furnished equipment.
And it is all rugged—antenna windloading specifications call for operation in 115-mile-per-hour winds.
All three radios are under fullscale development; test units will be
complete in acouple of months, says
Smith. He anticipates service use in
1982 and gradual replacement of the
existing analog radios.
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FLUKE'S MICROPROCESSOR-BASED
SCANNER IS COMPATIBLE WITH EITHER
IEEE 488 OR RS232.
Or scans automatically without a
controller!
That's right — the new Fluke 2204A
scanner is so flexible you can use it
for R&D applications like component research, life-cycle and environmental testing, quick-change
production line test set-ups, and
even precise process monitoring
jobs that demand the highest possible reliability.
System building block
When you build your system around
the 2204A, you have amainframe
capacity up to 100 channels, and
scan speeds up to 125 channels/second. Whatever capacity you need
up to 1000 total channels is easily
provided by chassis extenders.
Choose from either general purpose (2-wire) or low thermal (<1 i.tV,
3-wire) relay scanner cards. Both
switch up to 170 VDC and have excellent high frequency AC response.
We provided for convenient
four-terminal ohms measurements, and high-accuracy temperature
measurements
through an exclusive isothermal

input connector.
When it comes to checking out
or trouble-shooting your system,
you can do it conveniently and
quickly in the manual mode right
from the front panel of the 2204A.
The whole system can be synchronized by using the scanner's output
trigger pulse.
Now, about what
voltmeter to use.
The 2204A and our 8502A 6½-digit
voltmeter make an ideal pair that
we call the 7600A system. The combination of these two precision instruments gives some unique system advantages that no other scanner/DVM combination can provide:
•Utilization of the maximum speed
potential of the scanner on the bus,
afforded by the 8502A's high speed.
•Excellent noise rejection due to
the 8502A's unique digital filtering
characteristics.
•Scanner data that can be massaged
without acontrol ler. The 8502A's
strong math capabilities plus scal-

ing, offsetting, peak reading, and
"hi-pass-lo" decisions give you immediately useful information, with
no additional computation necessary.
•Time and money savings, because
the 7600A system comes factory
tested and shipped together, with
all the cables and connectors you
need. And at no increase in cost
over individual instrument prices!
CALL (800) 426 -0361, TOLL FREE •
or contact any of the 100 Fluke offices
and representatives, worldwide. In
the U.S. and countries outside Europe write: John Fluke Mfg. Co., Inc.,
P.O. Box 43210, Mountlake Terrace,
WA 98043, U.S.A.
In Europe, contact: Fluke (Nederland) B.V., P.O. Box 5053, Tilburg,
The Netherlands. Telephone: (013)
673973 Telex: 52237.
Alaska, Hawaii, Washington residents — please call (206) 774-2481.

1FLU K El

The Fluke 2204A IEEE-compatible scanner
'top) — aperfect match for the Fluke 8502A DVM.
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Japan's markets less Inscrutable
Although Japan is pushing exports and slicing imports,
opportunities still exist for foreign firms, says report
by Ben Mason, New York bureau manager
Quick now, what country, a major
factor in the worldwide semiconductor industry, is both amajor importer and exporter of semiconductor
products? There are two right
answers: Japan and the U. S.
Furthermore, the countries are
good customers of each other, says a
statistics-laden report from BA Asia
Ltd., an affiliate of the giant Bank of
America. Yet this relationship is
hardly static, it adds, for Japanese
semiconductor makers are well

launched on aggressive export drives,
while imports into the country are
starting to drop.
The report [Electronics, March 1,
p. 33] surveys the prospects for every
major electronics industry in Japan
in coming to its conclusions. In sum,
it says that, at least in the near
future, there remain significant market segments open to U. S. semiconductor producers.
To reach that conclusion, Robert
H. Silian, head of the Consultancy

1978 SEMICONDUCTOR PRODUCTION (ESTIMATED)
±54.7 BILLION

PRODUCTION VALUE IS BILLIONS

3

2

JAPAN
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1 1NTRO L
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JAPANESE
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JAPANESE
iMPORTS
0.5

D

62%
U.S. CONTROLLED
7% TO
JAPAN
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42%
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Giants. The world semiconductor industry is dominated by the U. S. and Japan, with over
50% and 30% of total production, respectively. Each buys from and sells to the other.
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Group at Hong Kong—based BA
Asia, and his co-workers took ahard
look at where the Japanese producers are spending their funds for
semiconductor research and development, both in discrete devices and
integrated circuits. "Within the total
spectrum of Japanese lc capability,
there still exist certain areas that
appear to be receiving relatively less
emphasis and where imports may
still represent an important resource," Silian says. These include:
• Monolithic and hybrid analog-todigital and d-a converters, especially
high-performance devices.
• Wideband, high-power radio-frequency circuits, hybrid or monolithic
in type.
• Digital electronic tuning ics for
television receivers.
• Bipolar programmable read-only
memories and metal-oxide-semiconductor erasable PROMs.
• Nonvolatile random-access memories and electrically erasable Roms.
However, these opportunities will
replace lost Japanese market sectors
for foreign semiconductor makers,
who will also face increased competition for their traditional markets
from Japan. Exports already outrank
Japanese imports (see chart) and are
rising at about a percentage point a
year as imports drop sharply from
20% of domestic production in 1974
to perhaps 14% in 1978.
The exchange between the two
countries consists mostly of hightechnology items; in fact, the U. S.
had an estimated 19% of the Japanese ic market and only 2% of the
discrete market. Similarly, IC exports to the U. S. are high-technology items, like 4,096- and 16,384-bit
RAMS, and they are climbing from
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34% of the 1977 lc exports to
perhaps 40% in 1978.
The future. With price competition less of a factor in Japanese
purchasing decisions than in the rest
of the world, the report anticipates
domestic semiconductor makers will
stay competitive with the foreign
competition as long as the exchange
rate does not reach 160 yen to the
dollar, which Silian's group thinks
unlikely. Moreover, the growth areas
for ics —computer, communications,
industrial, etc.—are precisely those
that the strongest Japanese producers can best serve.
Also, the Japanese semiconductor
industry is in the midst of an ambitious effort to upgrade Japan's
computer technology, with the VLSI
project [Eletronics, June 9, 1977,
p. 99, and Nov. 23, 1978, p. 119].
The immediate aim of the very
large-scale integration project may
be superpowerful computers, but
there will be quick fallout into other
electronic areas.
Concentration. The report points
out the obvious reason: the traditional major electronics manufacturers
in Japan seized the IC lead there and
have no intention of dropping it.
Thus the top IC makers tend to be
the leading computer makers, as well
as being the leading manufacturers
of telecommunications equipment,
consumer electronics, and the like.
(It adds up to a30% share of the $9
billion 1978 free world consumption
of semiconductors—and hardly a
percentage point of that went into
military products.)
One result is that the top five semi
producers make 66% of the sales,
while at the same time using probably 60% of the total production.
Although the Japanese semiconductor market is slowly moving out of its
captive status, buyers still tend to
patronize the home teams.
Given the strong vertical and horizontal concentrations of the Japanese electronics industries and the
"Buy Japanese" policies, foreign
producers always have had their
work cut out for them. Moreover,
the turn toward outside purchases
will tend to provide a mutual
strengthening of the semiconductor
makers, as well as whetting their
appetites for foreign markets, the
report says.
E
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VSD, HSD), shipboard,
ground systems, missile systems.
Compact, lightweight, encapsulated to withstand
physical stress. Special
ferrite core designs.
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for volume production.
Cost-effective and geometry corrected.
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100 Industrial Road, Addison IL 60101
Phone (312) 543-6444

Circle 95 on reader service card

95

Probing the news

Components

Why Europeans are on edge
Getting ready for the annual Paris components show,
parts makers are troubled by uncertain business in the second half
by the European editors of Electronics

As always, the stands at the annual
Salon International des Composants
Electroniques at the Paris fairgrounds will be laden with new hardware this year. But, more than ever,
the thousands of components buyers
and sellers who flock to the April
2-7 show at the Port de Versailles on
the outskirts of Paris will come for a
view of what is ahead in components
markets, as much as for alook at the
wares to be displayed by more than
1,300 companies.
The reason for the sense of urgency is uncertainty concerning the last
half of the year, although business
will not be at all bad during the first
six months in the $8.7 billion components markets in Western Europe.
There is nevertheless uneasiness
about the turn world business may
take if the oil shortage persists. Then
there is the nagging problem of
unemployment throughout Western
Europe. That problem will be compounded by inflation, particularly in
Great Britain and Italy. The dollar is
another source of apprehension;
when it slides, the prices of U. S.
suppliers decline.
But particularly worrisome to
components suppliers are the big
piles of unsold color-Tv sets in West
Germany, and the most anxious
group at the show will be those doing
agood part of their business with set
makers. Sooner or later the glut in
West Germany will put pressure on
components markets in neighboring
countries as suppliers try to offset
their slowing deliveries to German
set makers. Purveyors of professional-grade parts, in contrast, are likely
to do well.
"There is an increase in defense
spending everywhere," says Peter
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Flocking. Like last year's show, the components exhibit in Paris. April 2-7, should draw
a large turnout of European shoppers.

Fredholm, sales manager of Sivers
Lab AB, a Swedish company in the
Philips Gloeilampenfabrieken group.
"The trend has been good for the
last three to four years and it is still
good," he adds. Telecommunications
producers and computer makers are
doing well, too, so there will be some
semiconductor high fliers.

Although it is truly international,
with wares from some 30 countries
on the stands, the Components Show
has heavy French participation. And
for that reason optimism may seem
high to visitors from across the
Rhine or the other side of the
English Channel. Unlike the Germans, the French are fairly far from
asaturated color-Tv market. At the
end of 1978 only about athird of the
country's nearly 19 million households had color sets. Sales this year
will probably reach 1,650,000 units,
up about 8% over last year's
1,532,000.
Computers selling well. What's
more, the computer sector is running
particularly strong. The flagship
"French" computer company, CH Honeywell-Bull, for example,
bounced up its sales by nearly 18%
last year. The backlogs of companies
like Thomson-CSF and Electronique
Marcel Dassault, world-class manufacturers of professional hardware
such as radars, avionics, and broadcast equipment, will keep them good
customers of components suppliers
through the year. The same goes for
producers of telephone switchgear.
And there is a good chance that
French components suppliers can do
as well this year as last. Then,
according to the trade association for
active and passive components, sales
ran some $1.865 billion (calculated
at the rate of 4.25 francs per dollar).
That is close to 14% above the
$1.637 billion for 1977.
French semiconductor suppliers
outperformed the averages, lifting
their sales figures last year by nearly
19% to $457 million. And it could
happen again. So far this year the
book-to-bill ratio for Thomson-csF's
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Aerospace technology at a
down-to-earth price...
the $3 pot.

New Spectrol Model 157 Precision Pot
Spectrol now introduces the first low-cost, high-quality,
7/8" singleturn conductive plastic pot with features you'd only
expect to find in a more expensive aerospace pot. Features like rugged
machined-aluminum housing...ground stainless-steel shaft...short length behind
panel (.345").. .no glued joints...high-current capacity...standard linearity of ±1%.
Wirewound and cermet units are also available in this series, and they come in
servo or bushing mounts, with a center tap option. For more
information, contact your nearest Spectrol factory
or authorized representative.

SPECTROL ELECTRONICS GROUP
UNITED STATES

Spectrol Electronics Corporation P

UNITED KINGDOM
ITALY

Spectrol Reliance

SP Eiettronica spa ía
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Probing the news
Sescosem Semiconductor division has
stayed above one, reports Guy
Dumas, who runs the division. But
Dumas will keep a close watch on
the far side of the Rhine.
West German stall. As they stroll
through the stands, West German
components people will be mulling
over the flip-flop in their home
market. Once it was the set makers
who kept them riding high. Now the
strong demand comes from producers of industrial equipment. A turn
for the better, say suppliers of stateof-the-art semiconductor devices.
Meanwhile, these are tough times
for companies trying to sell passives,
electromechanical devices, and picture tubes. And no one expects it to
get better soon. There is a stock of
more than 500,000 color sets waiting
for buyers in producers' warehouses.
As set makers consume about half
the components sold in the country,

the troubles with iv mean "a
contraction of demand for semiconductor products from the entertainment sector by more than 10%," says
Fritz-Georg Milne, director of
worldwide marketing at AEG-Telefunken. Mime sees the demand
dropping even more in the near
future, possibly 15%.
"Except for the TV dark zone, the
overall semiconductor market isn't
performing all that badly," comments Dirk G. Vogler, manager for
marketing administration at Texas
Instruments GmbH. In this assessment Ws man is not alone. As do his
counterparts at AEG—Telefunken and
Intermetall GmbH, lead house of the
rrr Semiconductors Group, Vogler
sees strong impulses coming from
data processing, industrial electronics, and telecommunications gear
manufacturers. They provide a big
enough push "to make this year's
semiconductor market at least as
good, if not better, than last year's,"
Vogler estimates. The gain could be

10% and he notes that shortages
have developed for some -rn devices, for low-power Schottky circuits, and for memories.
British chill. Artie weather conditions and a blizzard of strikes have
set the British economy shivering.
Although there are some chill-proof
sectors in semiconductors, the outlook "
for components suppliers is
generally bleak.
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Potter&Brunifield

Looking. Some

1.300 exhibitors are ex-

pected to show their wares. Seen here are
just some of the booths at the 1978 show.

One pertinent reading of the
climate in the marketplace is that of
the Association of Franchised Distributors of Electronic Components
(AFDC). It is predicting 8.6% growth
this year to $1.5 billion for components of all kinds, including fans and
racks. Discounted for inflation, the

growth disappears. What's worse,
cautions John Walker, managing
director of Comstock Electronics
Ltd., "these figures were put together before the recent strikes."
The prevailing mood is reflected by
the assessment of Albert Shipton,
UK marketing manager of General
Instrument Microelectronics Ltd.
"It's tough," he says, "and a lot
tougher than most people will
admit."
Italian pasta. Viewed from afar,
what goes on in Italy's economy
always looks worse than it does from
the inside. And at the moment on the
inside there is a mood of quiet
optimism. Set makers are counting
on again of some 10% this year and
there are signs of improvement in
semiconductor ordering by producers of industrial equipment.
Not much is happening in the way
of growth at telephone hardware
makers. The government-controlled
telephone company still has trouble
getting lira to invest. As for comput-

ers, Olivetti ccc, the country's largest office equipment maker, has been
hit by a round of strikes; if it drags
on, Olivetti's components intake will
obviously shrink.
Even so, semiconductor sales
should rise between 12% to 14%. The
Italian market now looks quite good,
reports Enrico Villa, director of
marketing for SGS-Ates, the semiconductor producer in the Government's telecommunications/electronics group STET.
But industry executives are unsure
how long the good times will last.
The continuing political crisis keeps
the government from making some
crucial decisions. Ottorino Beltrami,
president of the Associazione Nazionale Industrie Elettrotechniche et
Elettroniche, believes that general
economic conditions in Italy and its
major trading partner, West Germany, "will strongly determine in the
coming months whether 1979-1980
will be good years or see areturn to
the doldrums of 1975."

The source with the
best resources.
Engineering.
Potter & Brumfield has the application
design engineering know-how to solve
tough control problems.
Working with high technology companies, we've developed an outstanding
ability to marry circuits and components,
including microprocessors and memories,
into control systems matched to the application. And, this includes knowing
how to package them effectively and
economically.

Potter &Brumfield

Call us first.
to a final, 100% functional test on our
specially designed, highly accurate test
equipment.

When you add it all together, Potter &
Brumfield will be your number one choice
for custom control assemblies. We have the
most to offer.
Deon Hendrickson, Custom Control
Assemblies Product Manager, at 812-3862273, can provide complete details. Or contact your local P&B representative or Potter
& Brumfield Division of AMF Incorporated,
Princeton, Indiana 47671. Get the source
with the best resources.

Manufacturing.

We've already made the huge investment in
capital equipment necessary for efficient
production: microprocessor programmers,
complete printed circuit board manufacturing facilities, flow soldering equipment,
and more. The components we don't make
we buy at a high-volume, low unit cost
and pass the savings on to you.
We also save you inventory carrying
and capital costs, manpower, pre-production processing equipment costs, and scrap
losses.

Quality.

We're known for quality and want to keep
it that way. Our control procedures for
custom assemblies are based on MIL-Q9858A. Every custom product is subjected

For example, a new microprocessorbased test and diagnostic system performs
seventeen sequential tests on six assemblies at one time. In less than one minute.
Two time delay functions are tested at minimum and maximum voltages. The diagnostic system can pinpoint any circuit faults
and calculate the optimum value of
components required to meet the test
specifications. A printout of test data is
provided.
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Biomation's K100-D- -no other
logic analyzer even comes close.
No wonder the K100 -D is our fastest
selling new logic analyzer ever.
It gives you 16 channels, 1024 word
memory, clock rates up to 100 MHz,
signal timing resolution to lOns-plus a
built-in display and keyboard control.
Biomations tuu-i) puts it ah right at your fingertips —
more performance and features than any logic analyzer ever
It starts with the microprocessor-controlled keyboard and interactive video
display. To give you fast,
precise control, the display
serves as acomprehensive
control status menu, with
all selectable parameters
in reverse video. There's
asingle, labelled key
al a for each function, corresponding directly to status display choices. So guesswork
is eliminated.
For example, b the data domain, you can direct the
display to read in hexadecimal, octal, binary or ASCII,
or any combination, by selecting one of four control buttons
There's also aunique "sequence" key that enables you
to rearrange the order in which channels are displayed, to
aid in data decoding, to simplify side- by-side comparison
of timing signals and to enable you to cancel any channels
you're not interested in seeing. A separate key controls
horizontal expansion.
That gives you an idea of the K100-D's display versatility.
Here's apicture of its astounding capture capability.
MIA/11:11
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By providing timing
analysis of signals as fast
as 100 MHz, you can
capture logic signals with
resolution to lOns. And
the 100 MI-Ii clock rate
protects against obsolescence as the speed of your
systems gets faster and
faster. The K100-D also has
alatch mode that can
capture glitches as narrow as 5ns.
With the 32-channel input adapter, the K100-D is ideal
for exploring the new world of 16-bit microprocessors
To give you unprecedented analysis capability, there's a
built-in Auto Stop capability you can use to detect, record
and display any match (or mismatch) between incoming
data and previously recorded data held in areference memory. Or using Search Mode
you can key in aspecific
word and the K100- D will
find it in memory.
To get the full impact of
the K100- D, you really
do need to have it at your
fingertips. That's why
we would like to arrange
ademonstration. Call us
at (408) 988-6800. Or, for
more information, write: Gould Inc., Biomation Division,
4600 Old Ironsides Drive, Santa Clara, CA 95050.
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Supporting computer design
amid evolving technology
Large virtual memory, built-in testing, personalized logic arrays
form the underpinnings of IBM's System/38
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System/38 shows how IBM
aims to keep up with the times
by Anthony Durniak,
Computers Editor

Computer architects are in much the same predicament
as the sorcerer's apprentice. Having invoked semiconductor technology to solve their hardware problems, they
find its forward momentum threatening to swamp their
other requirements. The most obvious of these is the
need to preserve the end user's considerable investment
in software while at the same time giving him the benefit
of ever faster circuitry. Just as important is the need to
manufacture the ever more complex chips in volume and
with guaranteed reliability, which means solving the
problems the devices raise in the areas of power dissipation, packaging, logic flexibility, and above all testing.
The General Systems division of IBM faced many of
these issues in the design of its System/38 [Electronics,
Nov. 9, 1978, p. 81] (Fig. 1). In three key areas—logic
chip design, chip and system testing, and virtual memory
management—the division uses solutions that are
unusual and in some cases unique. They may also furnish
an insight into the directions in which the industry leader
will go in fabricating and using large and very-large

1. Most significant. In the System/38, General Systems division
adopts solutions in the key areas of logic chip design, system testing,
and virtual memory management that may show how IBM intends to
fabricate and use large-scale and very large-scale ICs.

scale integrated circuits. For, although IBM will not say
so, the techniques used in the System/38 are expected to
provide a solid foundation for its future computer
designs. Already its Data Processing division has
announced a series of 4300 processers built around the
same testing technique as the one used in the System/38

MAIN
STORAGE
MAIN STORAGE
CONTROL
VIRTUAL ADDRESS
TRANSLATION

DIRECT I
MEMORY I
ACCESS I

CHANNEL MANAGER

PROCESSING
UNIT

CONTROL
STORE

INPUT/OUTPUT CHANNEL
10 CONTROLLER
I0
CONTROLLER

DRIVERS/RECEIVERS
I/O CONTROLLER
CHANNEL

SYSTEM
CONSOLE
ADAPTER

KEYBOARD
DISPLAY
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BUFFER RANDOMACCESS MEMORY
MICROPROCESSOR

PERSONALIZED
MICROPROGRAM
READ-ONLY MEMORY
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CONTROL LOGIC
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2. Central channel. System/38 hardware centers on an input/output channel that operates at speeds up to 5 megabytes per second.
Attached to it are not only the central processing unit but also I/O controllers based on microprocessors or programmable logic arrays.
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and even the same basic hardware element—an array ofj
Schottky transistor-transistor-logic slices called amaster
slice [Electronics, Feb. 15, 1979, P. 85].
To make these master slices, IBM's East Fishkill,
N. Y., facility builds identically laid-out substrates and
then individualizes them with different layers of metalization. In this way it achieves both economy of scale in
semiconductor fabrication and a wide range of options
for its system designers.
"The whole topology of the design practice changes,"
explains the System/38 project manager, Brian G.
Utley. Rather than being constrained to either a functional partitioning between the chips or aslice approach,
he observes, "you can aggregate or split afunction from
chip to chip, because of the large number of both gates
and input/output connections available."
Sophisticated tools
In Utley's experience, though, such an approach
requires sophisticated design tools. The most important
of these tools, as Jehoshua Pomeranz, Rolf Nijhuis, and
Chet Vicary explain in their article on page 105, is a
computer-aided design system that converts logic
diagrams into layouts for the chip's metal layers.
A primary concern of both semiconductor manufacturers and computer designers is the invention of thorough enough tests for the increasingly dense circuitry of
today's logic chips and boards. IBM gains access to the
previously inaccessible internal chip signals so critical to
troubleshooting by weaving a shift register through the
logic on each chip and then loading it with test patterns.
As Neil C. Berglund points out on page 108, this
approach can then be extended to the board level.
A single eight-layer 10-by-15-inch board does in fact
hold the System/38's entire central processing unit—all

3. Insulation. Two layers of microcode insulate the computer user

29 of its gate arrays personalized into 22 different part
types, plus five memory chips used for local registers.
There are two versions of the CPU: model 3, which has a
400-nanosecond cycle time and can support between 0.5
and 1megabyte of main memory, and the faster model
5, which has acycle time of 200 ns and can handle up to
1.5 megabytes of main memory.
These storage capacities are due to another innovation—the use for the first time of IBM's new high-density
memory chips [Electronics, Nov. 9, 1978, p. 39]. The
slower model 3 employs a new 64-K part with a cycle
time of 1,100 ns, while the faster model 5 uses a 32-K
part with a 600-ns cycle time. Also, a new 18-K
random-access memory is used in the model 3 for its
4,096 32-bit words of microinstruction control store,
whereas the faster model uses an older 4,096-bit RAM for
its 8,192 words of control store.
The central position in the System/38 hardware,
however, belongs not to the CPU but to a bus called the
input/output channel (Fig. 2). A dedicated portion of
the CPU controls the channel, which operates at atransfer rate of up to 5 megabytes per second. Another
dedicated portion of the CPU—the hardware for translating virtual memory addresses into physical locations in
main memory—links the CPU's main memory to the
input/output channel.
Also attached to the bus are agroup of independently
operating intelligent input/output controllers. For alowspeed vo device like acathode-ray-tube terminal, printer, or tape drive, an 8-bit microprocessor-based vo
controller is used. Higher-speed devices like disk drives
employ IBM's Magnetic Media controllers, which are
based on programmable logic arrays.
Each system also includes aSystem Control Adapter,
a keyboard and display console that, as Berglund
explains, handles the system's maintenance functions.
The virtual memory system of the System/38

4. Objective memory. All information in memory is stored as an

from the hardware. The Control Program Facility operating system.

object whose functional part contains the information and whose

RPG-III high-level language, and Interactive Data Base Utilities use

associated space part provides a set of memory locations. A space

the System/38 instruction set, in turn translated by the microcode.

object holds the pointers that indicate the location of the object.
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1. Master slice. The master slice used in the System/38 contains an array of 704 gates made from transistors. Schottky clamping diodes,
and resistors. To give an idea of scale, the devices are formed in an epitaxial layer typically 2 micrometers thick.
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LOGICAL FILES

KEY
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KEY
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NO.
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FIELDS
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PHYSICAL FILE:
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5. Multiple paths. Multiple logical files containing various reference
keys can be used to access the information (in this case an inventory
file) that is stored in a single physical data file. This allows users to
share files simultaneously and eliminates duplication of information.

improves on the kind popular on most computers today.
have one set of software for converting

Thav- oenerally

seen by the user's programs (Fig. 3). The layer closest to
the hardware is called horizontal microcode and is the
bit-oriented microcode that resides in control store. This
microcode handles a set of functions that have the
appearance of systems software—examples are the
management of the task queue and virtual memory
previously discussed, as well as management of the storage hierarchy.
The second layer or vertical microcode is stored in
main memory and is executed in an interpretive fashion
against the horizontal microcode. The instruction set the
user of the System/38 sees is translated into the horizontal microcode by the vertical microcode and so provides
the user with a hardware-independent interface to the
system—one that frees him from such concerns as main
memory or auxiliary disk addressing, 1/0 interface
details, and internal microprogramming details.
The System/38's equivalent of an operating system is
executed in terms of this instruction set. A licensed
program called the Control Program Facility, it supplies
asingle control language for use in all applications by all
programmers, operators, or terminal users, plus a new
data and file definition language.
Interacting with the Control Program Facility are the
compiler for the high-level programming language RPGIll and the Interactive Data Base Utilities. These enter,
disnlay. and maintain data files as well as extract.
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2. Differentiation. To individualize the gate arrays, the first two layers of metal and their interconnections, or vias, are customized. The third
layer, used for power distribution and signal input/output, is fixed. Solder dots connect the chips to their ceramic carriers.

watt. The configuration of transistor, diode, and resistor
diffusions is identical in every gate. These device regions
are arranged in horizontal bands separated by spaces
reserved for signal interconnection; these spaces amount
to almost half the chip area in sum. Figure 1shows the
structure of atypical transistor and Schottky diode plus
the contact with one end of a resistor: the entire surface
area of the transistor emitter is 3 by 8 micrometers,
while the Schottky diode measures 5 by 6 gm and the
resistor 4.5 by 70 gm.
Above these devices lie three layers of metalization
(Fig. 2), the lowest two of which may vary from chip to
chip. The paths left for the wire channels on the lowest
level run parallel to the straight rows of circuit elements,
and the wire channels on the middle level run at right
angles to the first. At every crossing it is possible to
make a vertical connection, or via, between the two
layers. The uppermost metal layer and the vias between
it and the second layer are fixed for all chips and are
primarily used for power distribution and as chip signal
ports. The metal used for the layers is an aluminumcopper alloy; the insulation between is silicon dioxide.
The next-to-last fabrication step is to vacuum-deposit
aprotective layer of chromium-copper-gold over the 132
connection points, on which dots of lead-tin solder are
then deposited. Finally the completed chip is inverted
into the ceramic carrier, where the solder dots melt
enough to bond the two together, forming electrical
connections between the chip and ametal pattern on the
ceramic (Fig. 3).
The metal shapes that define a particular logic gate
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are stored in the Engineering Design System in what is
called a book. There are over 100 such books in the
circuit library. The signal input/outputs of each book
are defined as logic service terminals (LsT). Since the
EDS interconnects the LsTs of different books as specified by the logic requirements, it places them on the chip
at via locations for easy access to both planes of the
wiring channels. The 94 chip signal ports also have LsTs,
but with fixed locations on the second level corresponding to the location of solder dots on the third level.
Gate in the majority
The predominant logic gate is configured with either a
three- or four-emitter input transistor, one output transistor, the Schottky clamping diodes, and two to four
resistors (Fig. 4). All of the multi-emitter transistors
share a common collector and most have multiple bases
as well. One resistor powers the bases of the multiemitter input transistor and one the base of the output
transistor. The two remaining resistors are not part of
the circuit book definition; they are under the control of
the wiring program rules, and their inclusion is dependent on the specific intercircuit net configurations and
net performance requirement.
In addition, the voltage drop between each input and
output on the net is calculated and, if too large, can be
reduced by specifying a larger wire width for a particular net. (However, if the total net wire area increases too
much, the network performance in general will suffer.)
For off-chip communications a simple emitter-follower transistor with a base resistor is provided. This
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3. Bondage. There are 132 solder dots on the finished logic chip (left).
The chip is inverted onto the 116-pin ceramic carrier (above) and the
two are heated till the sold* reflows and bonds them together, several
chip solder connections being linked to the same pin.

current-amplifier circuit is used to drive the relatively
long and high-capacitance off-chip networks. Resistors
biased to —4.25 vare available for interchip connections
on both driver and receiver circuits. These resistors are
also excluded from the circuit books and are instead
included in the definitions for chip-to-chip net connections. Additional off-chip terminator resistors are available for connections critical for performance.
To communicate off chip by means of an emitter
follower, the on-chip voltage logic level is translated
down by abase-emitter voltage potential. To restore this

voltage level at the receiving chip, any input transistor of
the receiving circuit is wired as adiode by having its base
connected to the collector. Since almost all the transistors of the multi-emitter Tn. circuits have separate base
definitions, any input emitter can function independently
as either an internal or an off-chip receiver.
Building blocks
To create the chip functional design, the system
designer works with logical descriptive blocks. The automated EDS produces a logic diagram of the chip and
employs asimulation scheme to verify the design. Once
the logical description is approved, the EDS automatically matches the logical blocks to the physical books,
chooses the chip locations at which to place these books,

4. Common gate. A typical gate in the array contains a three- or four-emitter input transistor with an output transistor, Schottky clamping
diodes, and resistors R. and

R2.

Resistors 3, 4, 6and 7are added as needed to balance interconnections.
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and makes the required interbook and chip input/output
connections. The program strives to achieve a design
with the shortest possible interconnection lengths, in
order to meet the electrical and performance restrictions
included in the programs.
A designer is free to intervene manually to fix either
book location or wire placement. Extensive checking
programs assure correct circuit function, compatibility
of various circuit shapes, and correct interwire spacing.
Determining delays
The description of the chip characteristics in the EDS
include the delay equations of every circuit book. These
equations contain delay terms that are a function of the
circuit output load, so that at the completion of aparticular chip design, all the output loads are known. The EDS
can compute these, insert them into the circuit delay
equation, and predict alogic path's performance.
One of the benefits to system performance of integrating many logic gates on a single chip is that the signal
paths can track each other closely. But care must be

Level-Sensitive Scan Design
tests chips, boards, system
by Neil C. Berglund
IBM Corp., General Systems Division, Rochester, Minn.

The denser the concentration of functions within a
system, the more urgent the need to test them. And the
System/38 is dense: it packs about 20,000 circuits on 29
logic chips together with five memory arrays on one
10-by-15-inch circuit board. It was therefore designed as
much for testability from the chip level up as for
economical manufacture.
The principal obstacle to testing large-scale integrated
devices is the inaccessibility of internal signals. This
must somehow be circumvented if problems are to be
isolated initially during the debugging of engineering
prototype hardware, later during manufacturing testing,
and later still in field service at the customer's site. Past
techniques tested the chips with complex sequential
patterns that attempted to put all the internal circuits
through all their paces and transferred the results to the
output pins of the chip for observation. But given today's
complex chips, this process takes far too long and makes
inefficient use of computer-generated test data.
System/38 uses an approach called Level-Sensitive
Scan Design (LSSD) to solve testing and test-data—generation problems at all levels of packaging—chips, boards,
and systems. The LSSD technique enables every LSI chip
to be completely tested for dc faults with the aid of
computer-generated test data. When extended to the
board level, this technique allows a system to test itself
or be diagnosed by afield-service engineer.
With LSSD, the shift register latch (SRL) is the only
type of storage element other than random-access-
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taken to ensure this actually happens. The results of the
automatic layout programs must be monitored to
prevent logically identical paths from being given radically different physical path lengths.
Once the layout is complete, the EDS produces control information for an electron-beam tool that
writes the pattern for the metalization layers directly
onto wafers coated with photoresists. This is avery quick
way to produce prototype chips. Moreover, once their
design is finalized, the same system can be used to
mass-produce the chips. If desired, however, the EDS can
generate conventional photolithographic masks.
In the customization process, a selective lift-off
process is used on the layers of metal instead of subtractive etching. This allows better coverage over device
areas and permits a minimum line width of 4.4 gm with
2.5-µm spacing.
Another feature of the EDS is its ability to generate
complete data for functional testing of the chips.
The authors would like to acknowledge the contribution of Huntington W. Curtis who
provided some of the information on the chip's fabrication.

memory chips permitted in a logic design. An SRL is
actually a linked pair of polarity-hold latches (type D)
connected to form a single stage of a shift register
(Fig. 1). The second latch of this pair, L2,exists solely to
enhance chip testability, though it can be used for other
purposes as well. The first latch, LI,is designed to serve
both system design and testing requirements.
The L2 latch has a single data input permanently
connected to one output of its paired LI,plus asingle B
clock input for loading it from L1.The LI latch can be
set from two sources by two different clock inputs and
has two outputs, reflecting its dual role as part of the test
system and as astorage element for the system designer.
Its test input, called the scanned data input (SDI), is
connected to the L2 output of a different shift register
latch, and its A clock input loads it with data from that
source. Its other input comes under the control of one of
the two system clocks.

SYSTEM DATA

0

SYSTEM CLOCK

C
L1

SCAN DATA
SHIFT ACLOCK

A
+L2
L2

SHIFT BCLOCK

2

B

1. Limited memory. Level-Sensitive Scan Design technique restricts
the types of memory elements in a design to random-access memories and shift register stages made of paired latches. Latch 1is both
atest and astorage element, latch 2primarily atesting element.
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To convert all the shift register latches on the chip into
asingle long shift register, the first stage's L2 output is
connected to the next SRL's LI input, and so on through
the last SRL (Fig. 2). The first stage's LI test input is
connected to achip input pin designated SDI, and the last
stage's L2 output is connected to a chip pin designated
scan data out (spo). The A and B clock inputs of each
SRL are connected in common to apair of chip input pins
so designated.
Thus the designer has lost the use of four chip pins
and the circuits required to implement the L2 latches and
associated clock drivers, but the connection of the sRLs
into ashift register in no way interferes with the chip's
performance of its normal functions. When the chip is
tested, the four pins and the L2 latches enable the test
system to control and retrieve the contents of any latch
on the chip by means of asimple shift technique.

SCANNED
DATA IN
(S UL/
- - - - -

Testing, testing ...

INPUT 1,2

To test achip, atest pattern —a serial string of binary
data—is applied to the SDI pin of the chip. The A and B
scan clocks are then pulsed, causing the test pattern to be
shifted, or scanned, into the sRLs on the chip. All the
latches on the chip having thus been initialized, stimuli
applied to the input pins cause the combinatorial logic on
the chip to assume some particular state. Some of the
combinatorial logic is connected between the chip input
pins and the SRL data inputs; the rest is connected
between an SRI'S LI output and the output pins. In the
latter case, the output pins can be observed to determine
if the combinatorial logic is functioning properly—but to
test the logic connected to SRL data inputs, its state must
be transferred into these stages' LIlatches by pulsing the
system clocks CI and C2. Then the A and B scan clocks
are pulsed once more, and the serial binary data coming
out of this chip's SDO pin is observed.
These serial data output patterns represent the state of
the SRLs after the system clocks were operated— in other
words, the state of the combinatorial logic before the
system clocks were applied. This data is compared with
the expected state of the sRLs as determined by a
computer simulation model. In this manner the logic on
the chip is tested for typically 98% to 100% of all dc
faults with program-generated test data.
Complex sequences of system clocks are not necessary
to test all stages of counters, shift registers, and other
logic elements buried in the logic of the chip. Instead,
using the LSSD technique, patterns are loaded that test
all stages of acounter, for instance, without stepping it
through all its states. Each system clock is pulsed no
more than once per test pattern, and this, in fact, is
sufficient to test not only the combinatorial logic
connected to the data input but also the clock driver of
the SRL and the SRL itself.
But what of the cost of such a system? On first
analysis, the LSSD system appears to carry asignificant
overhead in unusable circuits. The L2 latch, the extra
clock drivers, and the extra input to the LI latch do
require circuits that are unavailable to the designer for
his unrestricted use in implementing the processor function. These circuits represent the hardware cost of LSSD
and can approach 20% of the available circuits.
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2. Chain gang. Chaining the latches together forms one large shift
register that runs throughout the chip. Now only four pins are needed
to test the entire internal workings of the chip: the scan data in and
out pins (SDI and SDO), and the A and B clock pins.

In fact, though, these circuits do not have to remain
strictly as overhead. They can be used to help realize the
processor function and for several other features, in
addition to their use in the LSSD system. At the chip
level, for example, latch L2 can be used to make functional shift registers, counters, and control latches. This
is accomplished by logically OR-ing asystem clock with
the Bclock input to L2. (As the A and B clock inputs are
used only when the chip is tested, no interference exists if
L2 is used functionally.) When combined with such a
two-phase, nonoverlapping clock, the LI and L2 latches
act as a master-slave storage element that can implement any function that can be achieved with the more
traditional storage elements —J-K flip-flops, for instance. Furthermore, the L2 latches of aregister are thus
enabled to provide a double-buffer function with many
uses—a backup register for retrying, for instance, or a
double buffer for data storage.
Pros and cons of two-timing
Admittedly, a two-phase clock system does have
disadvantages for counters, shift registers, and similar
functions, since two clock pulses are required to advance
them one position. On the other hand, it actually can be
an advantage for the overlapped processing often
employed in high-speed processors, which find it faster
to start the next instruction before the current instruction cycle is completed. The SRL is unusually well suited
to this mode of operation, since the L2 can hold the
information necessary for the current instruction cycle
while LIis loaded to begin the next cycle.
For testing the entire processor, the LSSD shift register
concept is extended to the board level (Fig. 3). When the
SOC of one chip is connected to the SDI of the next, all
the chips on the board form one long shift register. In
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SYSTEM
CONTROL
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3. Self-testing. Connecting the logic chips' SDI and SDO pins together extends the shift register throughout the processor's board. Attaching
these pins to the computer's system control adapter allows the computer to check the latches' state against apattern in its memory.

practice, however, the chips are grouped into several
shift registers of shorter length, then loaded in parallel to
reduce test tinit.
Test patterns for the entire board are computergenerated in the same manner as for the chips. The
board is inserted in atest fixture, test patterns are loaded
into the sRLs of every chip, stimuli are applied to the
board's input pins, and the system clocks are pulsed. The
signals on the output pins are checked, the contents of
the sRLs are scanned out, and both are compared with
the expected results. Essentially no additional hardware
is required to support board-level testing because the
LSSD hardware in each chip is enough for the purpose.

own microprocessor, the SCA performs several tasks
related to system maintenance. For example, it can enter
serial data on SDI and observe the serial data on SDO
while pulsing the A and B clocks to the shift registers on
the board, in this way controlling and checking the state
of nearly every storage latch on the entire board.
A small quantity of maintenance interface logic on the
processor board enables the SCA to cut off the CIand C2
system clocks and pulse them, too, for test purposes.
With this support, the SCA reads test patterns from a
system file, loads them into the latches on the board,
pulses the system clocks, retrieves the contents of the
latches, and compares the results with the expected
results also obtained from the file.
Out in the field
Since the shift registers used in LSSD provide away of
After the entire processor board is installed in a altering or displaying the state of every storage element
system, the same LSSD technique is applied to it in the
in the processor, they also lend themselves to the support
customer's environment, whether to have the system test of manual console operations. As an aid for the diagnosis
itself each time the machine is turned on or to aid service of hardware and program problems, computer systems
personnel in diagnosing aproblem. In the field, however, generally have aconsole for displaying and altering the
the testing problem is more complex, since the board is contents of registers, memory, and critical control
now mounted in a system rather than in a test fixture.
latches, and System/38 is no exception.
Because of this, the board's pins are connected to chanThe SCA makes use of the processor's on-board mainnels, memories, and the like, so that the signals on them tenance interface logic to bring the processor to a
are not directly observable. But the processor's shift controlled stop while the sRLs are scanned, then restart
register latches can still be controlled, and since they are it when the scan is complete. In addition, the SCA scans
connected to 90% to 95% of the logic, an effective test the data from the shift registers and formats it for
can still be performed.
display on the cathode-ray tube. If the displayed data is
Historically, processors are tested in the field with altered by afield service engineer, the SCA will take the
diagnostic programs. With the LSSD techniques, test altered value and replace it in the processor by scanning
patterns can set up conditions to test for specific faults
new contents into the machine latches. This technique, in
much more easily than can diagnostic programs, which addition to saving the extra hardware normally required
are limited to the capabilities of the machine's basic to get into and out of the facilities to be displayed and
instruction set. LSSD patterns provide only a dc test of altered, makes it possible to alter and display the state of
machine operation, so that for full system verification every latch in the processor.
they must be combined with diagnostic programs operatIn System/38, IBM has found the LSSD technique to be
ing at machine speed to locate time-dependent or ac an effective approach for designing processors using LSI
problems.
circuits. LSSD, though originally conceived to solve Ls!
To handle the LSSD concept at the system level, the chip test problems, has been used to provide an inteboard's sm, SDO, and A and B clock connections are grated test and maintenance approach from the chip to
attached to the system control adapter (scA). Using its the system level.
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These transfers are transparent to the user, who refers
to the information with an unvarying address—the
virtual address—with no need to know its location.
However, the location of information does change, and
the computer must keep track of the shifting internal
addresses. Also, the addresses in the smaller main
by Merle E. Houdek and Glen R Mitchell,
memory are shorter than those to be found in the user's
IBM Corp., General Systems Division, Rochester, Minn.
virtual address.
To keep track of information, the management
A major design decision with the IBM System/38 was to scheme must translate between the unchanging virtual
employ an address structure with sufficient bits to refer- memory addresses of the user and the machine
ence all main and secondary memory without reusing an addresses. Yet conventional translation techniques would
address. Such astructure provides improved data integ- take more than abillion bytes of lookup tables to support
the System/38's 281-trillion-byte address space.
rity, protection, and security.
Instead, the System/38 employs atwo-tier translation
Clearly, the 16-bit address used in many small
computer systems was not enough. Even the 24-bit scheme with an algorithm that uniformly distributes the
address often used on larger systems for access to 16 virtual addresses throughout a significantly shorter
megabytes of storage lacked the desired flexibility. So it directory used to specify the main memory address. In
is that the System/38 uses a48-bit address, providing a virtual addressing, the memory space is divided into
virtual address space of 281 trillion bytes-16 million segments that are further subdivided into 512-byte
blocks called pages. When apage resides in the computtimes that of the System/370.
er's main storage, all 512 bytes are assigned to what is
Managing virtual memory
called aframe. The translation task essentially is to turn
Virtual memory is a scheme that permits the user to the page address into the proper frame address.
treat the main memory and auxiliary storage, such as
By page and byte
disk drives, as a homogeneous unit. Essentially it is a
The virtual address has two parts—one identifying the
management scheme that moves information from the
disk drives to the main memory and back, as needed for page, called the page address, and one identifying abyte
within the page, called the byte identifier (Fig. 1).
processing aprogram.
Similarly, the first part of a main storage address identifies the frame and is called the frame identifier. The
second part of the address identifying the byte within the
PAGE PAGE
frame is identical to the virtual address byte identifier.
SEGMENT
So no byte identifier translation is needed.
The page address, however, must be translated into

Hash index helps manage
large virtual memory

• VIRTUAL
ADDRESS

_

L!

VIRTUAL ADDRESS

VIRTUAL ADDRESS
BYTE
IDENTIFIER

PAGE ADDRESS

HASHING
TRANSLATION

PAGE DIRECTORY
INDEX {

MAIN MEMORY ADDRESS

\
\

,

....- FRAME
I
PHYSICAL MAIN MEMORY

1. Page frames. The 48-bit virtual memory address used in the

FRAME IDENTIFIER

BYTE
IDENTIFIER

MAIN MEMORY ADDRESS

2. Directory. In looking for something in memory, the page address

System/38 indicates a page within asegment of the virtual memory

portion is hashed and compared with adirectory of page addresses.

space. This address is translated into the shorter main memory

The index of the matching entry then becomes the frame identifier,

address, which points to aframe in the physical main memory.

but the byte identifier is unchanged.
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4. Fine definition. To further the virtual address, the page address
portion is divided into two portions: one points to a particular
segment in the virtual address space, and another to aspecific page.
FRAME
IDENTIFIER

MEMORY

BYTE
IDENTIFIER

ADDRESS

3. Scrambled hash. Rather than search the entire page directory, a
hash generator produces avalue that is looked up on an index table
that points to the directory entry most likely to contain the matching
page address, as several addresses have the same hash value.

the frame identifier. This is accomplished with two
tables. The first of these, the page directory, contains
one entry for every frame in main storage (Fig. 2). The
index value of the entry corresponds directly to the
frame identifier.
Translating directory
Whenever apage moves into aframe in main storage,
the corresponding entry in the directory has a field
containing the page-address portion of the virtual
address. To locate apage in main storage, the management hardware compares this field with the page-address
portion of the virtual address. When the two of them
match, the index of that page-directory entry becomes
the frame identifier.
However, serially scanning the entire page directory
every time avirtual address is translated would probably
take too long. Consequently, an index of the directory is
formed with the aid of the second table, the hash index
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The byte identifier defines asingle-byte within the page.

table, and what is called ahash generator.
Actually the first step in the translation (Fig. 3), the
hash generator is an algorithm that combines (hashes)
specific bits from the virtual address to select an entry
from the hash index table. This entry is aguide to the
entries in the page directory.
The combining process of the hash generator could
result in the same hash value for several addresses.
Therefore, part of each page-directory entry is reserved
as apointer to the location of possible additional entries
with the same hash. Thus entries with the same hash
value are found on a linked list (ot chain) in the page
directory. An end-of-chain indicator distinguishes the
last entry on each chain.
During the translation of the virtual address, the
searching mechanisms need to find only the chain
expected to contain the virtual page and then search its
entries, looking for the match with the virtual page
address. The index of that page directory entry becomes
the frame identifier for that virtual page.
End of chain
An end-of-chain bit may be encountered before a
match is found, which signals that the page is not in the
main memory. A special routine then goes to the
input/output channel and brings the page corresponding
to that virtual address from secondary disk storage to
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5. Generator. Since two types of segments are allowed in the System/38 there are two segment identifiers. An exclusive-OR combination of
the large and small segment identifiers and the inverse of the page identifier produces the hash value.

main storage and updates the page directory. The Ito
channel uses the full 48-bit virtual address and asimilar
translation technique to produce the physical address for
the disk drive.
This two-tier indexing process will speed the translation, but only if the lengths of the page chains are kept
short. Using a larger hash index table results in more
page chains in the page directory and consequently fewer
entries per chain. Thus the large hash index table
enhances the translator performance since fewer page
directory entries have to be inspected.
Uniform distribution
Equally important is ahashing algorithm that generates auniform distribution of entries into the hash index
table. Without uniform distribution of the entries in the
hash index table, some entries would be favored over
others, which would result in longer page chains for
those entries and consequently ahigher average number
of entries probed.
Research into uniform distribution schemes has shown
that the average number of page directory entries
probed, N, is dependent on the ratio of the hash index
table size to the page directory size, R, or:
N = 1+ 1
/
2s
For example, if the hash index table is twice the size of
the page directory, the average number of probes will be
1.25 entries.
The hashing algorithm required for uniform distribution depends on how virtual addresses are assigned. In
the case of the System/38, it must take into account the
division of the virtual address space into the independent
address spaces called segments. Within each segment are
several pages, so the page-address portion of the virtual
address is broken up into two identifiers (Fig. 4). One
identifies the segment; the other identifies the page
within the segment.
Since the segment of the virtual address space is
reserved for one block of information regardless of the
block size, the segment is generally larger than the block
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it contains. This situation leads to some unused virtual
addresses and, in general, to asparse usage of the virtual
address space.
Also, System/38 has two types of segments—small
ones of about 65,000 bytes and large ones of about 16
million bytes. Therefore, the segment identifier of the
virtual memory is further divided into large segments
and small segment identifiers. So efficient recall of data
through this virtual memory scheme requires some technique to trans.form the resulting nonuniform distribution
of virtual addresses to auniform distribution of the hash
index table entries.
The algorithm used in the hash generator must
perform this transformation. It also should ensure that
consecutive pages and consecutive small and large
segments do not hash to the same location in the hash
index table. After all, there is arelatively high probability that consecutive pages or segments being referenced
together as information are sought.
The hash algorithm used on the System/38 meets
these requirements (Fig. 5). It takes the exclusive-OR of
the reverse order of the page identifier bits with the
low-order bits of both the small segment identifiers and
the large ones.
Accommodating variations
The effect of this hashing algorithm when the system
is using a large number of small information blocks is
that more bits from the segment identifiers and fewer
bits from the page identifier affect the generation of the
hash. At the other extreme, in asystem using afew large
blocks of information, fewer bits from the segment identifiers and more bits from the page identifiers are effective in generating the hash.
In this way, the hash generator compensates for variations in the size and number of information blocks
contained in the system. Since virtual address bits are
taken from both the small segment and the large identifiers, the ratio of the number of large to the number of
small segments is not important to the effectiveness of
the hashing algorithm.
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Forth's forte is
tighter programming
Organized as adictionary, language lets user add own definitions
provides structured control, mixes easily with assembly code
by Stephen M. Hicks, Forth Inc., Manhattan Beach, Calif.
When it comes to programming microcomputer
systems, flexibility is more than a code word. It is an
attribute that can spell the difference between success
and failure. Fortunately, there is a high-level programming language where flexibility is the watchword: Forth.
Unlike other high-level languages that insulate the

:QUADRATIC

DUP

3 *

user from the machine, Forth allows easy movement
between higher-level, machine-transportable programming and assembly modules for input/output control or
time-critical routines. It exploits what is called indirectthreaded coding, which means that statements are built
from a dictionary of definitions coming both in the

12 — * 20 + ;OK

50 QUADRATIC . 6920 OK
:TABLE

10

0 DO

CR

I . IQUADRATIC . LOOP ;OK

TABLE
0 20
1 11
28
3 11
4 20
5 35
6 56
7 83
8 116
9 155 OK
:PLOT

CR

0 DO

42

ECHO

LOOP; OK

45 PLOT
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

:PICTURE

0 DO

I QUADRATIC PLOT LOOP

********** rne

;OK

7 PICTURE
* * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * *
* * * * * * * *
* * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

****** OK

1. Reedy to go. Four Forth operations are executed in this sample development session. QUADRATIC computes 3X 2 — 12X + 20 with X -50. In TABLE, QUADRATIC is used with 0through 9as arguments to form alist. Finally, PLOT and PICTURE draw lines of asterisks.
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Byte

Contents

1

9

2

0

3

U

4

A

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

2. Definition.

Remarks
Length of name
First 3 characters of name

link

Link field; contains address of the previous entry in this dictionary chain.

code

Code address field; contains address of the machine code starting the address interpreter

a (DUP)

Address of the dictionary entry for DUP

a (LIT)

Address of unnamed literal routine, which executed, will pick up the literal from the following
byte and push it on the stack.

3
a (*)

Address of the entry for *

a (LIT)

Another literal follows. Eight-bit processors may have 8-bit or 16-bit literals; 16-bit processors
have only 16-bit literals.

12
a I— 1

Address of the entry for —

a (*)

Address of the entry for *

a (LIT)

Another literal follows. Note that all numbers are stored in binary.

20
a (+1

Address of the entry for +

a (;)

Address of the entry for ; This routine terminates compilation or execution.

Forth operations are stored as definitions in a dictionary. Shown above is the QUADRATIC operation of Fig. 1 as it appears in

memory. Using reverse-Polish notation, QUADRATIC executes from the top to the bottom, relying on a stack for intermediate results.

operating system and from the programmer. Moreover it
permits structured programming, which is to say the
programmer transfers control down ahierarchy from the
most general to the most specific routines.
Forth is extensible: the user can fabricate his or her
own operations, data types, etc., and these definitions are
treated exactly like Forth's own. So they are immediately available when the system comes up, with no need for
access to asoftware library or subroutine.
Supportive language
The language supports all number bases and permits
at-will variation of the base, with no run-time penalty.
Users have immediate feedback, because either Forth or
assembly operations are ready for immediate execution
as soon as they have been written. Most operations may
be tested just by typing their names and arguments.
Also, Forth runs stand alone, avoiding the trouble and
expense of obtaining other software for the operating
system. Identical syntax is used throughout —in the
language itself, in the assembler, in the editor, and in the
keyboard-command interpreter.
Available on floppy disk from Forth Inc., the language
now runs on the 8080, Z80, LSI-11, 6800, and 1802.
Versions for the 8086 and 9900 should be available in

Electronics/March

15, 1979

the spring. It is also available for several minicomputers,
including Digital Equipment Corp.'s PDP-11, Data
General's Nova and Eclipse, the Honeywell Level 6,
Computer Automation's LS! 4, and others.
Forth comes with a complete operating system:
compiler, built-in assembler, text editor, Po drivers, and
akeyboard interpreter. The entire package is itself written in Forth and takes only 6 kilobytes in a read-only
memory for a minimal implementation; this is a
complete resident system with no need for memory swapping (paging from a disk). Adding features such as
data-base management or double-precision arithmetic
would push the memory requirement beyond the 6 kilobytes, however. A complete data-base management
system requires about 10 kilobytes.
The language runs in a 16-kilobyte development
system using a disk for source programs and data. It
suits substantial projects like multiuser programming.
For microprocessor systems, a utility program is available to prepare application programs to operate out of
This article is the third in a series on using high-level
languages to program microcomputers. The first is an overview [Jan. 18, p. 105]; the second discusses optimization by
assembly coding [Feb. 1, p. 121].
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programmable ROM. It compresses the operating system
into about 512 bytes.
This run-time support package is larger than that
required by most assemblers. Thus, for very small
programs, Forth offers little or no size advantage over
assembly code, although there would still be substantial
advantages over other high-level languages.
For systems larger than about 2 kilobytes, Forth
produces aprogram smaller than an assembler. In fact,
the bigger the program, the greater Forth's memory
efficiency, due largely to its dictionary structure.
Dictionary structure
Forth is different from conventional languages, which
translate a source program into an object program.
Instead, it consists of a dictionary of operations, which
may be combined as necessary to form anew command.
An incremental compiler translates each new statement
into a dictionary definition, ready for execution. When
the Forth program is executed, the operations indicated
in each definition are carried out. New operations are
defined in terms of those defined previously.
The system is delivered with more than 100 operations
in the dictionary. The user need not know them all,
because many are for internal system use. The dictionary
is homogeneous, meaning that the programmer need not
worry about where the system definitions end and the
user's applications begin.
Forth operation names can be as long as 64 characters
and can contain nonblank characters, such as letters,
numbers, mathematical symbols, and even nonprinting
ASCII codes. Examples of some actual operation names
are SWAP, 5/MOD, and VOCABULARY. While the names
can be any length, only their first three letters and their
length are used for identification; !BUFFER and 2BUFFER
are different, but BUFFER Iand BUFFER2 are the same.
Since the language is extensible, the user can define
new operations, usually with a colon definition. The
colon, itself a dictionary definition, signals a defining
operation and creates a dictionary entry for the new
command, whose name immediately follows the colon. A
semicolon ends the definition. The words between the
name and the semicolon are already defined and will be
executed when the definition is invoked.
Before discussing colon definitions, it is necessary to
look at the operation of the stack, which is used to pass
parameters among routines at run time. During execution, almost all high-level languages use at least one of
these last-in, first-out data structures. Most languages,
though, hide the stack, insulating the user from the
structures of the machine. However, the Forth programmer explicitly controls the stack with postfix syntax, also
called reverse-Polish notation. Using apostfix calculator
is good practice for learning the language.
Postfix formulas
The following examples illustrate postfix formula
calculations. These formulas are executed directly; the
Forth computer is being used as acalculator, not to write
new programs. However, any formula can be used within
acolon definition.
To find 783 —9903, one would enter 783 9903 — .using
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postfix notation. Here, the minus sign is the name of the
subtraction definition, and the period is a print order.
When this formula is evaluated, the number 783 is
pushed onto the top of the stack, followed by 9903. The
subtraction operation then destroys the original numbers, and replaces them with their difference. Finally,
the period prints this number, now on top of the stack, as
—9120 OK. The OK means the task is finished and the
program is ready to accept new input.
With Forth, the number base can be changed any
time. For example, 783 9903 — OCTAL. will cause —21640
OK to be returned. The system will stay in octal until it is
set to some other base, by using DECIMAL, HEX, or
BINARY, either from the keyboard or in aprogram. Any
number base from 2 through 36 may be used, but is
apparent only in the entry of numbers and delivery of the
results. All internal computations are done in binary, so
there is no execution time penalty.
The stack also plays arole in using an existing definition in anew one. Suppose the task is to evaluate:
(2 •TIME — 14) *(TIME + 5)

where time is an integer. The solution uses several predefined Forth operations, including @, which fetches the
one-word 16-bit value from the location of avariable.
One way to compute and print this formula is to type:
2TIME@ •14 — TIME@ 5 + *DUP.

First the number 2 is placed on the stack. Then the
variable TIME places its address on top of the stack with
the 2 below it. The @ replaces this address with the
integer stored there. The asterisk multiplies the top two
stack numbers, replacing them by their product, and
14 — subtracts 14 from that value.
Now the stack contains the result of the first part of
the formula. TIME@ 5 + computes the second half of the
formula. The * multiplies the two together and
puts the result on top of the stack. DUR makes acopy of
the result and the period prints it. The copy insures that
the value is still on the stack in case the user wants to
store it or to perform further computations.
Colon definitions
If such aformula must be used repeatedly, it could be
stored as acolon definition, thus becoming anew Forth
operation. The programmer can give this computation a
name, say FORMULA:
:FORMULA

2TIME@ •14 — TIME@ 5 + s;

The colon begins adefinition, and the word following the
colon is the name given to the operation being defined.
The semicolon ends the definition, and Forth will not
print any value when this definition is entered, but will
respond OK. Now the new definition will be available,
either directly from the keyboard or in alater definition.
For example, FORMULA will compute and print the
value contained in that formula.
Suppose FORMULA must be able to accept an argument from anywhere: from any variable, from the
keyboard, or from the result of aprevious computation.
In such cases, the operation takes its argument from the
stack. The following definition will do this:
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HEX OK
CODE START
A SUB
CODE STOP
1 A MVI
DECIMAL OK
: DELAY

0 DO

1E OUT
1E OUT

NEXT JMP OK
NEXT JMP OK

LOOP ;OK

5000 DELAY OK
: CYCLE
START DUP DELAY
STOP DELAY ;OK
: TEST
50 0 DO
I QUADRATIC CYCLE LOOP ;OK
START OK
STOP OK

3. Low-level control. Assembly language is mixed
with Forth statements for
demanding

tasks

put/output

control.

like

inHEX

switches from decimal to

10 CYCLE OK
TEST OK
—

base

16. CODE indicates

that what follows will be in
assembly language, in this
case that of the 8080.

:FORMULA

DUP 2* 14 — SWAP 5 + *;

The term DUP 2 * 14 — computes the first part of the
formula, first making an extra copy of the argument so
that the original stays on the stack. SWAP reverses the
top two numbers on the stack so that 5 + adds 5to the
original argument, and the asterisk completes the
computation. Now TIME @ FORMULA will use the value
in TIME, 5FORMULA will use the number 5, etc.
In atypical development session, definitions are typed
in directly from the terminal and some are executed to
test them (Fig. 1). The computer's responses are underlined, except for the numbers in the table and the plots.
First, an operation called QUADRATIC is defined. Then it
is used to take an argument (50) from the stack, and
compute 3X 2 — 12X + 20, with X = 50.
The QUADRATIC operation appears in most of the
following definitions in Fig. 1, showing how existing
definitions can be reused in new ones. The TABLE definition, which prints atable of values, uses QUADRATIC to
calculate its entries. PLOT takes one argument and plots
a bar of that number of asterisks, and the operation
PICTURE uses that number of values of QUADRATIC,
from zero through one less than the argument.
Figure 2 shows a tabular representation of the
dictionary entry, generated in memory, for the
QUADRATIC definition developed in Fig. I. The first 8
bytes are characteristic of all definitions. The code
address is unique for each kind of definition, this one
being a colon definition. Other kinds are VARIABLE,
CONSTANT, and CODE definitions, in which the code
address actually points to machine code following directly in the definition. Users may add their own kinds of
definitions, as well as definitions of standard operations.
Structural control
Forth provides structured control, a major improvement in program writing that has come into substantial
use over the last few years. Structured programming

Electronics/March 15, 1979

employs certain hierarchical forms of conditional
branching and looping that prevent an arbitrary flow of
control. This contrasts with earlier languages' GO TO
statements; once one of these is executed, to backtrack in
the program to find an error is complicated.
The simplest Forth control structure is IF ... THEN, for
conditional branching. When the IF is encountered, the
program interprets the next stack entry as a Boolean
argument; a zero indicates false, any other value true.
The code within IF and THEN can be any list of
commands of any length and is executed if the Boolean
value is true. Execution of the program continues after
the THEN statement, whether the test is true or false.
If specific code must be executed in the event of a
false test, IF... ELSE ... THEN can be used. The false
code is located between the ELSE and THEN statements.
A bonus in Forth is that the expressions based on
Boolean tests can contain other such tests. An
IF ... THEN may appear inside the true portion of another IF... THEN, for example. This nesting, as it is called,
may be done to any depth.
For looping, Forth includes a BEGIN ... END expression. The code inside the loop is executed, leaving avalue
on the stack. END treats this as a Boolean value that
terminates the loop if true. Otherwise, the looping
continues. A similar operation BEGIN... IF ... WHILE
returns to BEGIN as long as the IF is true.
The structure DO... LOOP takes two numbers from the
stack; the first is an index, and the next is the terminating value plus 1. For example, the expression too 0
DO... LOOP goes through the loop ahundred times, with
index values going from 0through 99. Inside the loop, an
operation named I retrieves the current value of the
index and leaves it on the stack. This index advances by
1for each iteration of the loop.
A related operation, +LOOP, takes the increment
value off the stack. The increment can be a constant
other than 1, or it can be computed inside the loop.
Looking up definitions does take acertain amount of
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o ( QUADRATIC

4. Source screen. Forth
stores code in 1,024-byte
screens,

which

are

dis-

played as 16 lines of 64
characters on a CRT. This
screen contains the definitions depicted in

Figs.

1

and 3. The Forth text editor
is

used

to

prepare

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
OK

OSCILLATOR)

: QUADRATIC
DUP
: TABLE
10 0 DO
: PLOT
CR 0 DO
: PICTURE
0 DO

3 * 12
CR I

— * 20 + ;
I QUADRATIC

42 ECHO
LOOP ;
I QUADRATIC PLOT LOOP

HEX
CODE START
A SUB
CODE STOP
1 A MVI
DECIMAL

1E OUT
lE OUT

LOOP ;

;

NEXT JMP
NEXT JMP

: DELAY
0 DO
LOOP ;
: CYCLE
START
DUP DELAY STOP DELAY ,
: TEST
50 0 DO
I QUADRATIC CYCLE
LOOP

;

and

maintain such screens.

time. Sometimes speed is critical, or aprogram to interface anewly added I/0 device must be written. In such
cases, the Forth assembler comes into play to define
machine language or primitive operations.
These routines can be used exactly as any other Forth
definitions. The assembler, too, uses postfix syntax, so
operands and addressing modes are written first,
followed by the (mnemonic) operating codes. The operands and modes place data or addresses on the stack.
The op code combines those arguments with the binary
instruction code, and places the completed machinelanguage instruction into the dictionary where the definition of the new operation is being created.

proportional to the length of the delay. Next CYCLE is
defined. It accepts one argument, adelay, and turns the
output port on and then off for that time. Finally, TEST
uses QUADRATIC to compute aseries of delay cycles to
the uo port.
Forth's organization goes beyond the dictionary structure and the structured control found in both high-level
and assembly codings. It includes a block-oriented
virtual memory scheme that contains the programmer's
source code and any data he may wish to store.
Virtual memory scheme

In the random-access virtual-memory system, an operation called BLOCK takes adisk-block number from the
The assembler et al.
stack and returns the address of a memory buffer
The assembler takes one pass to translate source code containing that block's data. A buffer typically is 128
and uses no symbol table. Instead, the stack is used for
bytes in most microprocessors and 1,024 bytes in most
the operand memory addresses provided by Forth variminicomputers. BLOCK reads from the disk as necessary.
ables, constants, or computations.
If the data is already in abuffer from aprevious call to
The assembler has its own set of conditional instrucBLOCK, no read operation takes place.
tions, including IF ... THEN and BEGIN ... END. These
Two other operations are important in this virtual
operations create conditional testing and branching
memory system. BUFFER gives the programmer the
instructions in the language of the machine being used.
address of an empty buffer, and FLUSH writes all
Higher-level and assembly versions of these control operupdated buffers to the disk, as at the end of asession.
ations are kept separate because they reside at different
Forth stores its source code in 1,024-byte units called
addresses in the dictionary.
screens. Each screen is displayed as 16 lines of 64
How can a one-pass assembler handle forward
characters on acathode-ray tube or aprinting terminal.
branches of unknown length, as with IF... THEN stateBecause definitions are short, seldom over three lines,
ments? The IF assembles a conditional branch instructhe entire code for an operation is displayed at once.
tion into the routine, leaving the unknown address blank.
A command called LOAD takes a screen number off
It also places the location of that blank address onto the the stack, and reads that 1,024 bytes of data exactly as if
stack (the same used to run Forth). When THEN is
it had been typed directly at the terminal. The screen
reached, the destination address of the branch is known, can contain high-level or assembly definitions or an
and the blank is replaced with its proper value.
operation to be executed immediately.
The Forth assembler definitions START and STOP in
Figure 4 shows a listing of a Forth source screen
Fig. 3 use 8080 machine language to turn on and off a containing definitions developed in Figs. 1and 3. Parendevice connected to an output port. DELAY is a timing theses surround comments, which may appear anywhere.
loop, here written in Forth; it could have been written
Forth's resident text editor is used to prepare and maintain such screens.
with the assembler instead. It accepts one argument,
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Even a quick glance at the face of
our new Model 3003 tells you it's no
ordinary signal generator.
Right away you can see the
unique internal and external
modulation features, such as the
provision for complex or
simultaneous modulations with
AM-AM, AM-FM or FM-FM.
The 3003 gives you twice as many
modulation frequencies as most
other generators. Besides the
standard frequencies of 400 Hz and
1KHz, you can choose and pre-set
two more frequencies between
100 Hz and 10 KHz. And like other
models in the 3000 Series, this one is

meter. For extra readability and
accuracy, you get two AM scales
and four FM scales. Everything is so
clearly labeled that learning to
operate the instrument takes only a
matter of minutes.
One thing you can't see on the
face of the 3003 is the price. At alow
$3,350, we're really hiding one of its
accurate to 0.001% over the entire
most attractive features.
1MHz to 520 MHz range. (We also
Wavetek Indiana, Inc.,
have aunit that goes down to 1KHz.) 66 N. First Ave., P.O. Box 190, Beech
But the main thing you'll natice is Grove, Indiana 46107. Telephone
how convenient the Model 3003 is to (317) 783-3221, TWX 810-341-3226.
use: internal or external FM
deviaticn and AM modulation are
easily set on the big front-panel
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Designer's casebook
Qi acts as a buffer to prevent C4 from discharging
through R7 between system reset pulses. The voltage at
Qi appears at Q2 and is fed back to A l,to be compared
with E,„. When E., reaches E., D2 becomes back-biased
and the stored charge is held until C4 is intentionally
discharged by the reset signal. D2 remains back-biased
by Jerome Leiner
during discharge.
Loral Electronic Systems, Yonkers, N. Y
A, is normally used as an amplifer, and so it will be
driven into negative saturation whenever the input signal
This peak detector can accurately process input data
drops below the output level. DI prevents this by clamppulses as narrow as 50 nanoseconds and as high as 3 ing the amplifier output.
volts. The recovered voltage is always within 1% of the
CI and R2 provide A, with input- and feedback-signal
input signal's true value.
stabilization. C5 compensates for A's input capacitance.
In the circuit shown, emitter-coupled logic generates a Note that if CIR2 were placed at the output of A,, a
—0.2- to —3-volt signal for input into amplifier A l. larger charging current would be required for a given
Assuming apulse with a50-nanosecond width and arise
input signal. Because this current is usually limited, A i's
and fall time of 5 ns, that leaves storage capacitor C4
effective slew rate would be reduced.
only 45 ns in which to charge. The LH0024 op amp used
The peak detector is optimized by shorting D2 and
for A, has wide bandwidth and a high slew rate to
then adjusting CI, R2, and C5 for minimum overshoot
accommodate the fast charging required.
and ringing on aseries of fast data pulses.
CI

Peak detector recovers
narrow pulses accurately

Fast and precise. Using one op amp, one transistor, and two field-effect transistors, peak detector recovers data pulses having amplitudes of
up to 3volts and widths as narrow as 50 nanoseconds. Output voltage is within 1% of the input data's true value under all signal conditions.
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network starts generating atrue average value.
The difficulty may be circumvented by using an optoisolator and a switch, SI,to charge C on power up.
Assume it is desired to charge C from a dc voltage, V.
When power is applied, Ca,which may be 25 microfarads or more, is charged through Ra.Consequently, as
by J. Ross Macdonald, Department of Physics and Astronomy.
current flows through the photodiode, the value of the
University of North Carolina, Chapel Hill
photoresistance element in the LM 6000 optoisolator is
reduced from more than 10 9 ohms to about 1 kilohm.
Long-term averaging circuits require an initializing voltThus, in a few tens of milliseconds, C charges to V,
age on their capacitive 'storage element in order to through the element, if SIis placed in the V, position. As
become almost immediately operational on power up.
Ca becomes fully charged, the resistance of the element
Here, an optoisolator is used to quickly charge the quickly increases to at least 10 9 ohms, and the circuit is
capacitor with a voltage derived either from the input
ready to operate in its intended averaging mode.
signal itself or from any dc voltage, the two sources most
When power is removed, Ca discharges through DI,so
widely used. The optoisolator circuit is superior to an
that the on-off power cycle can be repeated fairly
initializer that uses a relay, which, besides having the
rapidly. C also discharges slowly through R. This action
disadvantage of being electromechanical, also draws
is of little consequence in circuit operation on a subsepower continuously.
quent power up. Note that S2,a momentary-contact
In a circuit that averages a signal over a long period
switch, allows the resetting process to be repeated at any
(see figure), the resistor-capacitor (RC) time constant
time, even while the circuit is active.
may be on the order of a minute or more. Thus, the
To initialize C from the input signal, it is only necesoutput of the averager (V.) during the time t = — 1 sary to connect SI to V,„ prior to power up (or at any
minute is considered to be the circuit's transient response
time if S2 is utilized). Otherwise the initializing operato the input signal, where tis measured from the time
tion is the same as before.
EJ
that power is applied to the circuit. In most cases,
Designer's casebook is a regular feature in Electronics. We invite readers to submit original
especially when the circuit is part of a more complex
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly
system, it is not feasible to wait that long before the RC
the circuit's operating principle and purpose. We'll pay $50 for each item published.

Optoisolator initializes
signal-averaging circuit
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5101 CMOS RAM&
Now.
In wan%
Performance and delivery you can
count on. That's what you get with our
5101 static RAM. Because one without the
other leaves you out in the cold.
Contact your local distributor, or
Synertek direct, and you'll get the 5101 RAMs
you need. And you'll get them when you
need them. With all the features that make
the 5101 the industry standard 256 x4
CMOS RAM— for any low power or battery
back-up application.
50 Microwatts is all you need to cover
standby power requirements with the 5101.
It's pin for pin compatible with the power
hungry 2101. Features include chip-enable
standby operation, single +5V power
supply, power down memory retention
(2 volts), separate data inputs and 3-state
outputs that areTTL compatible.
If you're not getting the deliveries you
want when you need them, call on the
people who perform. Contact your area
Synertek distributor or Memory Marketing,
Standard Products Division, Synertek, Inc.,
3001 Stender Way, Santa Clara, California
95051. (408) 988-5611.IWX: 910-338-0135.
Synertek sales offices. Eastern Region,
400 Humphrey St., Suite 2. Swampscott, MA 01907
(617) 595-1170; Central Region, 4615 W. Streetsboro
Rd., Suite 204, Richfield, OH 44286 (216) 659-4195;
Midwest Region, 2805 Butterfield Rd.. Suite 150,
Oakbrook, IL 60621(312) 986-8989, Western and
Northwest Regions, 20863 Stevens Creek Blvd.,
Bldg. 63, Suite C. Cupertino, CA 95014
(408) 255-3941: Southwest Region, 1000 Quail St.,
Suite 290, Newport Beach, CA 92660
(714) 752-5535; Europe, Honeywell House,
Charles Square. Bracknell, Berkshire, England,
Rg 12 1Eb. Direct Dial: 011-44-34.4-24555.

Part Number
SY5101L-3
SY5101L
SY5101L-1
SY5101-8

Access Time
65Onsec
65Onsec
45Onsec
80Onsec

Standby
Current

Guaranteed 2.0 Volt
Memory Retention

200µA
10pA

Yes
Yes
Yes
No

10,1A

500pA

Off-The-Shelf Delivery From These Synertek Distributors:
Arrow Electronics
Kierulff Electronics
Sterling Electronics
Zeus
Century/Bell
Sheridan Sales
Technico

General Radio
Alliance Electronics
Parrott Electronics
Summit Distributors
Lionex
Hall-Mark
Intermark Electronics

Advent Electronics
Quality Components
Taylor Electric
Western Microtechnology
Future Electronics
Emitter Electronics
R-M Electronics

SYNERTEK, INC.
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3001 Stender Way. Santa Clara, California 95051
(408) 988-5600. TWX: 910-338-0135.

Timer generates sawtooth
with switchable symmetry
by Roberto Tovar-Medina
Institute of Applied Mathematics, University of Mexico

With some inexpensive components, a 555 timer operating in the astable mode forms a circuit that generates
triangular waves of selectable symmetry. The cost of the
unit is below $6.
The triangular waves are generated by charging a
capacitor with aconstant current, I, and discharging the
capacitor through a current mirror that sinks I. The
symmetry is controlled by selecting the rate at which the
capacitor is charged and discharged.
When capacitor C is virtually discharged and the
switch, S, is at position 1as shown, pin 7of the 555 (the
discharge port) is high, and Q 1 and Q2 are off. Thus the
capacitor is charged at a rate of It/C, where tis time,
until the voltage at pin 6 (threshold port) of the 555

exceeds two thirds of the supply voltage, V.
Pin 7 then moves low, Q 1 and Q2 turn on, diode DI
becomes back-biased, and C discharges through Q 1.Q z,
and Q3 at arate of It/C. When the voltage at pin 6 falls
below a third of the supply voltage, pin 7 moves high
again and the process repeats at a frequency given by f
= 31/ 2CV,.. At low frequencies (below 1kilohertz), DI
may be omitted, because C can charge through the
base-collector junction of Q. At high frequencies, DI
must be included to avoid the discontinuities in the
triangular waveform that are caused by switching.
A fast charge time is attained if the output of the 555
(pin 3) is connected to pin 6 through diode D2.This
connection is achieved by placing S in position 2. The
discharge time is the same as before. Connecting the
discharge port directly to the threshold pin yields a
normal charge time and afast discharge time. S must be
placed in position 3 to achieve this symmetry. In either
case, the operating frequency is exactly twice what it
was previously, or f= 3l/CV.
Given the component values shown, the circuit oscillates at about 1kHz. It can be made to work at frequencies up to 30 kHz, however.
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Adjusting slops. Circuit built with 555, constant-current source, and current mirror generates triangle-type waves whose symmetry is
selectable. Frequency is controlled by magnitude of I, which is adjusted with potentiometer. Three-position switch determines rate at which C
is charged or discharged, so generator can produce standard or fast-rising sawtooth waves or waves that are truly triangular.
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Avibrant
beat from
Switzerland
the
Quartz

* rouri

32 kHz
leaf-type tuningfork crystal. Only
2x6 mm. Low resistance, high Q.
Excellent resistance
to shock and
vibrations.

Introducing the DE-26 Quartz
from Switzerland. It's as conveniently miniaturized as any on the
market. So is its price.
It's made the way the Swiss make
everything: reliable. Using stateof-the-art processes backed by
repeated, methodical inspections.

•
•

In technology and in price, the
Quartz DE-26 is designed for a
broad and growing range of applications where reliability is as
important as tight costing.
DE-26: the rational solution
from Switzerland. Write for specs
today.

ETA SA

Fabriques d'ébauches /Division diversification
2540 Grenchen, Switzerland
telephone 065/511121, telex 34284 assa ch
A membre of the Ebauches Group.
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Porcelain-on-steel boards
can launch athousand chips
Thermal and mechanical properties of popular appliance material
cut processing steps in hybrid and pc-board manufacture
by Murray

Spector, Alpha Advanced Technology Inc., Newark, N. J.

El Porcelain-coated steel, the material found in every
kitchen, comes close to being the ideal substrate long
sought by manufacturers of both thick-film hybrid
circuits and printed-circuit boards. It has excellent
mechanical and thermal properties and is low-cost in
large volumes.
Its ruggedness will enable the hybrid makers to move
from their present small, fragile alumina substrates to
ones at least the size of pc boards, having built-in heat
sinks and ground planes, and promising eventually to
carry over athousand chips. Its good thermal properties
will enable the pc-board manufacturers to print and fire
conductive and resistive inks directly onto it (Fig. 1),
cutting their costs tremendously by eliminating all the
plating and etching now needed, as well as much of the
component assembly.
Still other benefits will be shared by both groups. For
instance, the metallic substrate can be bent and shaped
easily. After enameling, it survives environments inimical to both ceramics and plastics. Finally, it is possible
either to wave-solder discrete components or wire-bond
chips to the new steel boards.
A porcelain-coated steel substrate has a core of lowcarbon steel and acoating of fired-on porcelain enamel.
The porcelain enamel is aceramic with afiring temperature high enough to allow hybrid components to be fired
onto it subsequently at 650 °C. Conductors may be of
copper, silver, palladium-silver, platinum-silver nickel,
gold, or any other metal available as a screenable ink.
Resistors are ruthenium-oxide—based, and the smooth
surface of the porcelain often makes their fabrication so
uniform that trimming is unnecessary. When necessary,
however, it may be done abrasively or by laser—and
with the circuit energized. This kind of active trimming
is possible because of the thermal mass of the steel,
which is so great that it prevents the resistor from
heating up much during the process.
From heaters to circuits
Way back in the 1930s, heaters were being made of
copper on porcelain-coated steel. So in the 1940s, when
printed wiring boards were invented, there were immediate attempts to make boards with a metal core. But
success came only in 1965, when steel boards were
insulated with epoxy. Epoxy, though, cannot take the
firing temperatures needed for hybrid circuits, so in 1967
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I.

1. Porcelain on steel. The thermal and surface properties of porcelain-coated steel allow modified thick-film inks to be screened and
fired onto its surface at a relatively low temperature. A sample,
shown above, has screened-on resistors and conductors.

the first serious attempts were made to use porcelaincoated steel in electronics. Some manufacturers of thickfilm inks made inks that would fire at the right temperatures for it, but additional engineering problems with the
inks and the coated steel held up the full emergence of
the new substrate until about 1977.
Today porcelain-coated steel represents a new
substrate technology. It has its limitations, which will be
discussed later, but evaluations currently under way at
several large potential users will probably result in its use
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0.028 IN.
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CERAMIC

STEEL

•
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2. Big boards. After processing, a porcelain-on-steel substrate has a cross section as shown. The 28-mil-thick steel core can be used as a
built-in ground plane. Boards of this composite material, aimed at large-scale circuitry, can be fabricated in sizes as large as 12 by 18 inches.

this year in both military and consumer electronics —
automobiles, telephones, telephone switching circuits,
television sets, and appliances. Still other possible areas
of application are computers and medical electronics.
The metal-working step
The manufacturing process starts with the fabrication
of the steel core by any of a number of common metal
working techniques. For prototype runs, it is most
economical to chemically mill the steel core. For larger
quantities, a stamping process is best, being very inexpensive on aper piece basis once the tooling is in place.
The tooling, however, can be very expensive, because
it needs to be unusual. Simply drilling circular holes
straight down through the steel substrate is not enough.
Picture one such hole in cross section. It would have a
square shoulder, and a square shoulder causes a porcelain coating to pull away from it and create a ridge
encircling the hole. The result would be a point of
minimum insulation and of extremely high electrical
field density—in other words, an insulation breakdown
hazard bad enough to defeat the use of this design in
many electronic applications.
The solution to this problem is either to flare or to
bevel the edge of the hole. This rounding of the sharp
corners has the additional benefit of facilitating the
automatic insertion of leaded components.
Once the steel is formed into its final shape, it starts
through the processes leading to enameling. It is cleaned
and then pickled in an acid solution, which roughens the
surface and promotes the adhesion of the enamel. Pickling is followed by a rinsing operation and then by
nickel-plating, which further promotes enamel adhesion.
After additional rinsing the steel is ready to be dipped
into the enamel.
Electronic-grade porcelain
The enamel used is aformulation designed for continued operation in an electric field at elevated temperature. It is applied in awater solution to the part, which
then must be very carefully dried before firing; otherwise
the water will vaporize explosively and pit the enamel
surface. The firing yields the finished substrate—a
0.028-inch-thick core of enameling-grade steel coated on
both sides with a black ceramic layer 0.004 inch thick
(Fig. 2).
Metalization is next applied to the porcelain. This
involves screening on a metal paste and firing it. The
Electronic Materials division of E. I. du Pont de
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Nemours & Co., Niagara Falls, N. Y.; Cermalloy,
Cermet division of Bala Electronics, West Conshohoken,
Pa.; Electronic Materials Corp. of America (EmcA),
Mamaroneck, N. Y.; Electro-Science Laboratories Inc.,
Pennsauken, N. J.; and Thick Film Systems, Santa
Barbara, Calif., all manufacture precious-metal conductors, resistors, and dielectrics formulated for porcelain
adhesion and having firing points between 600° and
650°C. These inks resemble those used on alumina
substrates except for their lower firing temperatures.
Additionally, DuPont and Cermalloy both have copper
inks available. Where through-hole printing is required
on double-sided boards or substrates, a special ink
formulation is necessary to provide the requisite kind of
plastic flow, or rheological properties.
Wave-soldering to copper
Copper inks are especially suited to printed-wiringboard applications since they allow the use of 60/40
tin-lead solder. Precious-metal inks, preferred by
hybrid-circuit manufacturers, have the disadvantage of
requiring amore expensive silver-bearing solder to inhibit the precious-metal ink from being leached off the
board during soldering.
Wave-soldering a porcelainized steel board with
copper conductors is not the same as wave-soldering a
conventional epoxy-glass printed-circuit board. Preheating temperature and soldering speed must both be higher
than those necessary with the epoxy board.
The first adjustment must be made because of the
high heat capacity of the steel core. The core acts as a
heat sink to the copper and prevents it from reaching
soldering temperature unless the board has been sufficiently heated beforehand.
Conversely, at the time of application of the solder,
when the board is over the solder wave, the core acts as a
heat source and could encourage the solder to flow too
far up the component leads. This can be prevented by
speeding up the belt.
The steel core of the substrate may be used as a
ground plane. First the bare steel must be exposed; then
contact is made to it by conductive epoxy or by deposition of athick film.
Comparing board materials
The biggest difference between steel and plastic
boards lies in their thermal conductivity. None of the
plastics used in standard printed wiring boards is good at
conducting heat—a problem there have been many
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attempts to alleviate. One approach uses heavier copper
laminates, but then the thickness of the copper demands
that all lines and spaces be widened. Another approach is
to back the board with aluminum or steel, but this is
awkward and expensive and has gained relatively little
favor with the industry.
A porcelain-coated steel board is far superior to a
plastic type in thermal conductance, even when no direct
contact is made to the steel core. By way of comparison a
2-watt precision resistor operating at rated power on an
epoxy-glass board is 25.2°C hotter at its surface than an
identical resistor mounted on an Alpha porcelainized
steel substrate, trade-named Alphamet.
Even this performance can be enhanced by making
ground contacts to the steel core and putting the core in
metal-to-metal contact with a system's chassis. This is
made possible by masking the steel so as to prevent
porcelain from being deposited on any area to be directly
contacted. The procedure often eliminates the need for
heat-sinking components.
A second difference is that plastics all expand much
more than steel with increased temperature. It is because
of this characteristic that the pad areas around the holes
on plastic boards have to be large, to compensate for any
misalignment of the final etch pattern with holes. On
porcelain-coated steel boards, the pad areas can be
smaller because the much lower thermal expansion of
steel allows more precise alignment.
Finally, standard printed-circuit board materials
cannot be used reliably in high-temperature environments, as in an automobile engine, oil drilling apparatus,
and thermal printing heads. These are all applications
where porcelainized steel boards are found to be highly
satisfactory substitutions.
Steel vs alumina
All-ceramic substrates, in contrast, are inferior to steel
not only thermally but in their electrical and above all
their mechanical properties.
Indeed, mechanical fragility has historically been the
greatest drawback of alumina and beryllia wafers. It
precludes their use entirely in many harsh mechanical
environments, or only if equipped with expensive steel
backing plates. The same fragility keeps yields low in
both substrate fabrication and finished circuit assembly
and creates acost structure that increases exponentially
with substrate size. Porcelain-coated steel, on the other
hand, is virtually indestructible, and its cost per square
inch is unaffected by size.
To illustrate comparative thermal performance, identical resistors were printed on alumina and Alphamet
substrates. Then the increase of temperature at the
resistor surface was plotted as afunction of power in the
resistors. As can be seen in Fig. 3, alumina heats up
faster and to ahigher temperature than the Alphamet.
It is worth noting that asimple conductivity concept is
not enough for aproper theoretical analysis of acomposite material like porcelain-coated steel. Instead, the
conductance of all five layers of the structure must be
considered—the two outer porcelain layers, the innermost steel core, and the two transition layers between the
porcelain and the steel. In addition, unlike other
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3. Hot plates. A comparative plot of temperature change versus
power shows porcelainized steel has a lower temperature rise per
watt than similarly sized alumina substrates. The new substrate's
steel core contributes to its excellent thermal conductance.

substrates, porcelainized steel radiates a significant
amount of heat. The emissivity of its black porcelain is a
measure of its efficiency at this form of thermal transfer.
A mathematical model taking all these factors into
account has been found to generate experimentally
verifiable results.
As already noted, the thermal performance of porcelain-coated steel may be further enhanced by supplying
metal-to-metal thermal paths away from the substrate.
This is typically done by providing the substrate with
unporcelainized mounting pads for bolting it to achassis.
Finally, the steel core serves as an electrical plane,
useful either as aground plane or sometimes as apower
distribution plane. Either use eliminates the need for one
conductor and one dielectric layer.
Electrical performance may also be enhanced by the
availability of two-sided construction. Conductor-filled
holes can be provided as vias, or plated through-holes,
connecting the two sides of the substrate.
For multilayer circuits the number of firings is halved
by using a cycle of print-dry-print-dry-fire. In applications where crosstalk is a factor, circuits can be separated and then shielded from each other by their
common steel substrate.
Bending steel
The presence of the steel core creates two other useful
properties that are not to be found in other rigid
substrates. First, the steel can be worked in three dimensions; on asimple level, the edges of aboard can be bent
so that it becomes its own chassis. Second, the porcelain
surface absorbs no water, and the ceramics used in
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will not be affected by ion accumulation for 40 years.
The other technical problem is brown plague—the
oxidation of silver alloy conductors at the edge where
they accidentally come in contact with the steel core.
The mechanism is not well understood, but can be avoided by using copper for ground contacts and keeping
silver 0.060 in. away from the substrate edges.
The third problem is economics and concerns the
cost-volume relationship. Tooling for steel substrate
manufacture is so expensive that the process becomes
cost-effective against epoxy-glass printed wiring boards
only at avolume of over 100,000 substrates.
The last, and perhaps the largest, problem is psychological. The unavailability of all-ceramic substrates in
large sizes at areasonable cost has conditioned designers
of hybrids to think in terms of circuit functions rather
than systems. Designers now have to reorient themselves
to today's reality in which 12-by-18-inch substrates are
available, along with screen printers, drying ovens, and
firing furnaces big enough to handle them.
4.

Potted

power.

Porcelain-coated steel

replaces alumina

in

substrate for power-supply circuitry. The same material also replaces
the aluminum heat sink. Hybrid thick-film techniques were used in
both cases. An unpotted module is pictured to the left.

5. Printed wiring on steel.

This porcelain-coated steel pc board has

been substituted for a plastic type in an electronic ignition system
designed at Motorola. Note the discrete components. Final version of
this circuit will be athick-film hybrid on asteel board.

hybrid substrates allow the porcelain-coated steel actually to be the outer wall of any package.
For all its advantages, porcelain-coated steel does
present some problems, both technical and otherwise.
The first is ion migration.
Porcelain enamel is a complex material. From an
electrical point of view, it is generally considered to be
simply an insulator. However, at athickness of 4mils, it
is far from ideal in that role. The metallic oxides that
comprise the porcelain ionize under the influence of heat
and voltage. In adc field, the ions move and constitute a
leakage current to a working circuit. To minimize this
problem, the current under an 0.080-in. pad (the size of
a typical integrated circuit) should be less than 10 -'
3
ampere. Also, the rate of ion generation should be so low
that the adhesion of the metalization to the porcelain
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Packaging power
Despite these obstacles, enameled steel substrates are
being evaluated for many tasks. Figure 4, for instance,
shows an application in asmall power supply. The porcelainized steel substrate replaces an alumina substrate
and an aluminum heat sink. Figure 5shows apc-boardlike application—an automotive electronic ignition
system—in which screened-on metallic conductors are
combined with discrete components on porcelain-coated
steel. It is atransitional version, meant to be followed by
acompletely hybridized version.
Steel substrates are eminently suited to the rough
under-the-hood environment of cars and indeed in any
high-shock environment. For example, ceramic hybrid
boards are often backed with metal in such shock environments. This is an expensive procedure since both
materials require extremely precise machining if they
are to mate well enough to withstand the shock. A
ceramic-on-steel substrate eliminates the need for atwopiece part as well as the high cost of machining surfaces
in the first method.
Similarly, acircuit board, when it is required to act as
a mechanical member of a mechanical assembly, often
needs a metal backing. In one system a large plastic pc
board had to be stiffened with a piece of aluminum
before it was able to serve as a panel for rack-mounted
equipment. A porcelain-coated steel board, on the other
hand, could replace the aluminum plate and the epoxyglass board.
A look to the future
Applications for porcelain-coated steel are moving in
two major directions, toward combining existing functions and toward altogether new functions.
Its potential for serving as both circuit board and
chassis or even package has already been mentioned.
Another possibility is for the same substrate to support
thin and thick films and discrete components.
As for the jobs that only porcelain-coated steel can do,
thermal sensors have already been designed on such a
substrate for direct insertion into acar's engine block. D
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Engineer's notebook
8085 program rapidly
computes 8-by-16-bit product
by Gary A. Sitton
Baylor College of Medicine, Houston, Texas

More and more applications require finding the product
of an 8-bit and a 16-bit word. Multiplication is easily
done with this program using the versatile doubleprecision add (DAD) command in the instruction set of
the 8085 microprocessor. The program thus uses less
memory than other 8-by-16-bit multiplying algorithms,
which require double-precision software geared to a
16-by-16-bit product.

One of the program's advantages is the time saved in
multiplication. Defining the 8-bit word as the multiplier,
n, the program needs no more than nshifts and doubleprecision additions.
The bits to be multiplied are introduced at register
pair D-E and accumulator A. D-E and A are altered
during execution but can be saved on the stack if so
desired. Meanwhile, the DAD H instruction shifts the
multiplicand left one position each time it is called by
placing the 16-bit number in register pair H-L and
adding it to the number already contained therein. The
product is left in H-L upon program termination.
The execution time of the program will be directly
proportional to the number of significant bits in the
multiplier. If the total number of significant bits in
register pair D-E and accumulator A exceeds 16, there
will be no detectable error in the multiplication.

8085 PROGRAM FOR 8-BY-16 BIT MULTIPLICATION

LOC

OBJ

1000

SEQ

SOURCE STATEMENT

1
2
3
4

ORG

1000H

MULT:

;H, L = A - D, E (BOTH UNSIGNED)

1000

210000

5

1003

B7

6

1004

C8

7

RZ

1005

1F

8

RAR

1006

D20A10

9

JNC

SHFT

1009

19

10

DAD

D

100A

EB

11

100B

29

12

DAD

100C

EB

13

XCHG

100D

C30310

14

JMP

MLOOP:

SHFT

,ORIGIN = 1000 HEX

LXI

H, 0000

ORA

A

;CLEAR H, L
;CLEAR CARRY, GET STATUS
; RETURN, MULTIPLY DONE
;CARRY = MULTIPLIER LSB

XCHG

, LSB = 0, SKIP ADD
;ADD IN MULTIPLICAND
;SWAP D, E & H, L

H

;SHIFT MULTIPLICAND HERE
,SWAP D, E & H, L BACK

MLOOP

;CONTINUE

15
16

END

Fractional-binary program
creates pseudorandom integers
by Robert L. Harding
Quaker Data Products. Middlebury Center, Pa

Using the routine proposed by Tailski,' this program
generates atrue pseudorandom sequence of integers over
any range of numerical values from 0to 255. The former
program is used as a subroutine, called W times for a
given word length W, so that 2w fractions, each extending from 0to avalue approaching 1, are generated. Each
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fraction, which is pseudorandom, is then multiplied by
the desired range (0-255) to produce pseudorandom
integers.
Although Tatiski has shown that a 31-stage register
with feedback is ideal for use in a pseudorandom
sequence generator, his article implies that the register
provides 31-bit random numbers each time the subroutine is called. In reality, the subroutine tends only to
double the previous number generated, with the result
that eventually the numbers can be predicted. Thus
pseudorandom words are generated for only arelatively
short period of time.
In order to produce random numbers over a long
period in any word size up to W = 31, it is necessary to
clock the registers (i.e., call the subroutine) at least W
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FRACTIONAL BINARY PROGRAM

PSEUDORANDOM INTEGERS

;18-byte program translates a source of pseudorandom "binary fractions" into any desired RANGE
;(up to 255) of pseudorandom integers. Mapping operator is multiplication.
;Select fraction word size, W, for tolerable degree of distortion of original randomness.

LOOP:

MVI

C,W

;set loop counter

XRA

A

;clear RESULT register A

MOV

B,A

;save partial product

CALL

TANSKI

;pseudorandom bit-source
;sets S-flag (multiplier)

SHIFT:

MOV

A,B

;B:

JP

SHIFT

;if random bit = 0, skip

ADI

RANGE

;if = 1, add multiplicand

RAR

partial product

;discard fraction bit
;from result.

DCR

A:

new product (integer)

;count down W (word size)

JNZ

LOOP

;until finished
;A:

final result = O thru RANGE —1

;increment A to start values at 1 instead
RANGE

EQU

36

;for roulette example

EQU

24

;see text
;W (maximum) = 31 to keep bit-source pseudorandom

TANSKI

TANSKI
PRBN:

EQU

PRBN

8080A PSEUDORANDOM-BIT PROGRAM
DAD H

;shift lower part, clear LO

MOV A, E

;shift higher bytes sequentially

RAL

8080A: use AC, CY

MOV E, A

Z80

:RL E, RL D

MOV A, D
RAL
MOV D, A
XRA L

;calculate feedback

RP
INX H
RET
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;subroutine entry label

;update LO if needed

times to generate W fresh bits. Here, the fractionalbinary program is used to call the Tafiski program to
generate arandom word.
Each random word is considered one binary fraction
of W bits (low-order bit first) in atotal of 2w fractions.
The numerical range (RANGE in program) over which
pseudorandomness is desired is then multiplied by the
given fraction, and the integer portion of the product is
retained. This operation will translate the fractional
range into integer values extending from 0 to the value
(RANGE — 1) with virtually equal probability. Note that
the program multiplies with aconditional-add and shift
algorithm. Whereas the Taríski program delivers the
multiplier bit by bit (via the S-flag), this program uses a
single register to accumulate an 8-bit product. The integers generated are thus pseudorandom within the specified RANGE.
The only pitfall in using the program lies in selecting
the length of W. It must be large enough to produce
fractions with sufficient resolution to preserve the original randomness. For example, if RANGE is selected to be
36 so that numbers can be generated for roulette, then
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W = 6 would be too small, because 26 = 64; the 64
fractions produced would translate into each of 28 integers twice, but into each of the remaining 8integers only
once. That much bias on the roulette wheel could bring
disaster to the house.
Selecting W = 24 would yield 224 fractions to be
mapped onto the desired RANGE. The resolution
provided when that number is chosen would yield

Five-state LED display
monitors paging system
by D. F. Fleshren
Springfield, Va.

This paging station circuit uses a single red- or greenlight-emitting diode to alert the user to any of five
distinct paging conditions. It is asimple, extremely easyto-build monitor designed to be part of a large paging
system. Two relays and a555 timer send asignal to the
LED (a Monsanto MV5491 or Xciton XC5491) to
produce the following signals:
• Off (no power) indicates that paging has been cut off
to that station or the region in which it is located.
• Steady green signifies that the station is operational,
but is not being paged.
• Steady red is the individual station's paging signal.

virtually no distortion of the source's randomness for a
all the way up to 255.

RANGE

References
1. Tomasz R. Tahski, "11-byte program generates 2 billion pseudorandom bits." Electronics. Oct. 12, 1978. p. 148.
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• Flashing green tells the user that all stations in the
system are being alerted.
• Flashing red signals an emergency situation to all
monitoring stations.
An external signal triggering relay A controls the
color of the LED, changing it from its green (idle)
condition to red. Relay B is excited when all stations are
to be called. This second relay puts the 555 timer in the
astable mode, changing the LED's usual dc state to an
on-off oscillation of about 7.5 hertz at a duty cycle of
50%. The frequency of oscillation can be adjusted by
suitably selecting RI and CI. In the emergency red
flashing mode, both relays must be tripped by external
signals.
This circuit can readily be adapted to signal a single
panel-mounted lamp. To derive the five operating modes,
the relay contacts must be replaced by the contacts on a
suitably wired rotary switch.
Supply voltage for the 555 may vary from 9 to 15
volts; with a 12-v supply, current drain is about 40
milliamperes.

555
0.01 µF

RESET
OPERATING MODES FOR 5.STATE MONITOR
5

DUAL
RED/GREEN
LED

i
em
e
e
.

Condition

A

o

Lamp
display

power
off

none

off

2

power on,
circuit idle

none

steady
green

L_o__(3)

paging

"A" only

steady
red

4

all zone
paging

"B" only

flashing
green

5

emergency
announcement

3

TRIGGER

c,
—

Relays
operated

1

MV5491

›; 3,300 1
.2

Typical
application

0.1 /IF

A and B

flashing
red

10 kS2

Multimode monitor. Module indicates the state of a multizone
paging system using red/green LED, 555 timer, and relay contacts.
When pager is off, both LEDs are extinguished. When pager is idle,
green LED turns full on. If monitor is paged, red LED turns full on.
9- 15V

During all-zone paging and emergency announcements, relays are
energized for timer so that red or green LED flashes.
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Engineer's newsletter
What to do
before the
board tester comes

Al says Al limits
a transformer's
leakage flux

Picking resistors
resistant to pulses

Wet your feet
in a half inch
of liquid-crystal display
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As the amount of in-service digital equipment expands apace, maintenance
and testing concerns loom ever larger. Designing testability into digital
circuit boards is abig timesaver. Dave Schneider of Giordano Associates,
Sparta, N. J., and Bill Muller of Datapoint Corp., San Antonio, Texas,
addressed this problem at a seminar on automatic test equipment sponsored by Benwill Publishing Co., Boston, and held in Los Angeles on Jan.
23-25, 1979. They listed some simple, practical (but often overlooked)
production guidelines to aid testing:
• Keep all components off the solder side of the board, to allow in-circuit
testers to be used for bare or loaded board testing.
• Don't overpack apc board. The defect rate per board appears to increase
linearly as chips per square inch rise from 0to 0.7.
• In laying out aboard (especially amicroprocessor type), major bus lines
should be laid out first with an eye towards quick isolation of shorts and
other pc manufacturing defects.
• A good general rule of thumb: do not build any components into a
system that take longer than five minutes to replace.

In sensitive equipment containing cathode-ray-tube displays, line-powered
transformers can be an annoying source of electromagnetic interference
even after you've wrapped a Mumetal shield around their cores. This
solution doesn't attenuate the higher harmonics of the leakage flux
enough, though it works well for the low frequencies. Al Schamel of
Tektronix Inc., Beaverton, Ore., improves on the idea: he sandwiches a
layer of aluminum between the transformer core and the usual Mumetal
shield. Not only does this hold down both 60-Hz and high-frequency
leakage, but it lets you use athinner layer of the costly Mumetal.

It is by no means obvious from a resistor's steady-state power-handling
specifications whether it will survive under pulsed conditions. "Pulsed
Handling Capability of Wirewound Resistors" is abooklet from TRW/IRC
which tells how to select these devices for awide range of pulsed circuits.
The first section of the booklet explains how to calculate the maximum
energy that can be safely applied to a resistor in pulses /2 to 5 seconds
long. Examples illustrate how to use this energy value to calculate the
maximum allowable pulse voltage or current for a resistor. The booklet's
second section goes into calculations necessary for pulses shorter than /
2
1
second. Sample designs given are for square and exponential pulses. The
booklet is available free from W. C. Robbins, TRW/IRC Resistors, P. 0.
Box 1860, Boone, N. C. 28607.

If you're thinking of dabbling in large-area liquid-crystal displays, it might
be worth your while to look into a new designer's kit from Beckman
Instruments. This $11.95 kit includes a half-inch-high four-digit LCD, a
connector/bezel assembly, a printed-circuit board, plus complete specifications and application information. A list of lc manufacturers that
supply chips for interfacing to Lc D's is also included. Contact the Display
Systems division, Beckman Instruments Inc., 2500 Harbor Blvd., Fullerton, Calif. 92634.
Jerry Lyman
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ADVANCED OPTOELECTRONIC PRODUCTS

How to a
55% more
display to a
0.3"package
Now you can upgrade
to our new 0.4" display
without changing your
0.3" pin configurations.
Larger, brighter
LED digits add
sales appeal to
any device or
instrument using displays. That's exactly
what Monsanto's new 0.4"
display can do for your product.

And the highly legible sculptured
font improves aesthetics even
further.

SI

The Big 4comes in 4colors.
These new seven segment
displays are designed for high
brightness, high contrast, and
are avai'able in:
• Green (MAN4500 Series)
• Orange (Hi-efficiency red,
MAN4600 Series)
• Red (MAN4700 Series)
in Yellow (MAN4800 Series)

I.

They're available in common
anode or common cathode and
overflow models.
And like all Monsanto displays,
the new 0.4" digit offers low
power consumption and solid
state reliability for alonger
operational life.
Write or call today.
For more technical data or
pricing information, contact
Monsanto Commercial Products
Co., Electronics Division, 3400
Hillview Avenue, Palo Alto,
California 94304. Telephone:
(415) 493-3300.
In Europe contact: Monsanto
Europe S.A., Electronics Division,
Avenue de Tervuren 270-272,
B-1150 Brussels, Belgium.

FIRST IN LED MATERIAL AND TECHNOLOGY

Monsanto
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Complete Protocol
Signetics 2652 holds
the speed record for
multi-protocol handling.
At 2Mbits/second, nobody beats our 2652 multi-protocol communications controller for operating speed. In fact, nobody even
comes close. And that speed's important when you've got to move
data in time-sensitive environments. Between CPU and terminals.
Or between CPUs.
Speed that cuts transmission costs is one key reason why more
OEMs specify Signetics 2652 over any other protocol controller. But
not the only reason. SDLC. DDCMP. Whatever your synchronous
protocol—bit-oriented or character count—our 2652 can handle it.
Completely. Perfectly.
The 2652 also cuts software development time, because many
critical software routines are handled by its LSI firmware. And that
includes CRC error control and zero
insertion/deletion.
Add up the features. It's clear
that no other product can
match our powerful protocol handler. Even when
speed is not essential.
Suppose you've got a

s

2652

Control. Fast!
single protocol system now. Design in the 2652. Then when your
needs change or grow, the 2652 will still be keeping your product
current.
Operating from a single +5V supply, the TTL-compatible 2652
links to any 8 or 16-bit data bus. That means you can use it with
micros or minis. Line controllers or network processors. And its
super-fast data rate easily meets the demands of dedicated networks
or satellite telelinks.
So when you've got to handle protocols "by the book," specify
the 2652. Its field proven capabilities can put more money in your
pocket. Check the chart below for some of the 2652's key features.
For full details on
the world's fastest
KEY FEATURES OF SIONETICS 2652
protocol
controller,
Rcv/Xmt Modes
Synchronous
send us the coupon.
Protocol Compatibility
SDLC, HD LC, ADCCP, DDCMP, BISYNC
Or visit a Signetics
Baud Rate
DC to 2Mbits/sec flower speed 1Mbits/sec minion available)
External
Baud Rate Generation
sales office or authoData But Compatibility
uProcessor/Minicomputer, 8- or 16-bit, tri-state
rized distributor.
Error Controls

Odd/Even VRC, CRC-16, CRC-CCITT

Self-test

Local Loop Back

Package

40-Pin DIP

Availability

Immediate

DI

C

SiglIlltiCS
a subsidiary of U.S. Philips Corporation

1111111MIIIRDCCP

Signetics Corporation
PO. Box 9052
811 East Argues Avenue
Sunnyvale. California 94086
Telephone 408/739-7700

To: Signetics Information Services, 811 East Argues Avenue
P.O. Box 9052, Sunnyvale, CA 94086
El Please send details on the world's fastest protocol handler.
D My need is urgent. Please have aSignetics specialist phone me.
1
Name

Title

Company

Division

Address

MS

City

State

Zip
E315

(((QuicK.renlal®
Instruments
One simple DC voltage recorder or a
dozen fiber-optic oscillographs. General
Electric Instrument Rental can meet all
your needs.
We stock in depth. Our computer controlled inventory includes recorders by top
manufacturers like Esterline-Angus, Gould
Brush, Dranetz, Honeywell and Texas Instruments. Carefully inspected, accurately calibrated and ready to ship, usually the day
you call.
GE has 6 stocking inventory centers, 40
sales offices and more than 15,000 instruments
including the recorders you need—right now.
136
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For your Free Rental Catalog call collect
518-372-9900 or your nearest sales office
Usted below, or write the General Electric
Company, Apparatus Service Division, Building
4 Room 210, Schenectady, NY 12345.
ALA. 8IRMINGHAM (205) 925.9449 •ARIZ.PHOENIX (602) 2788515 or 8516. TUCSON (602)
294-3:39 •CAL. LOS ANGELES (213) 642-5350, SACRAMENTO (916) 383-4986. SAN FRANCISCO (415) 436-9260 •COL. DENVER (303)320-3255 •CONN. SOUTHINGTON (203) 621 4059 •FLA. JACKSONVILLE (904) 751-0615. MIAMI (305) 696 0811 •GA. ATLANTA (404)
457-5563 •ILL. CHICAGO (219) 933-4500 or (312) 854-2994 •IND. INDIANAPOLIS (317)
639-1565. KY. LOUISVILLE (502)452-3311* LA. NEW ORLEANS (504)367.65286 MD. BALTIMORE (301) 332-4713 •MASS. BOSTON (617) 396-9600 •MICH. DETROIT (3(3) 2856700 •MINN. M NNEAPOLIS (612) 522-4396 •NO. KANSAS CITY (816) 231-4377 or (816)
231-4620. ST LOUIS (314) 965-7115 •NEW JERSEY CLIFTON (201)471-6556 •N.Y. BUFFALO (716) 876-1200. SCHENECTADY (518) 385 2195 •N.Y.C. CLIFTON, N.1 (201)471 6556
•N.C. CHARLOTTE (704) 525-0311 •OH. CINCINNATI (513) 8748512. CLEVELAND (216)
441-6:11. TOLEDO (419) 691-3501. ORE. PORTLAND (503) 221-5101 •PA. PHILADELPHIA
(609) 424-4450, PITTSBURGH (4121462-7400 •S.C. GREENVILLE (80312774093 •TENN.
MEMPHIS (901) 527-3709 • TEX. BEAUMONT (713) 842-4514. DALLAS (214) 357-7341,
HOUSTON (713)672-3570 •UT. SALT LAKE CITY (8011292-4411. VA. RICHMOND (804) 2324576 •WASH. SEATTLE (206) 525 2987 •W.V. CHARLESTON (304) 345-0920•WISC. MILWAUKEE (414) 744-0110 •PUERTO RICO PONCE (8091 843-4225 or 4625

GENERAL
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Desktop computer sells for $2,850
Highly modular versatile system, built around the 8085A, can act
as astand-alone computer or as aterminal in alarge system
by Pamela Hamilton, Boston bureau
Smaller is better, at least in the electronics industry, and Solid State
Technology Inc. is driving the point
home with its Athena Dt/C 8200
desktop computer [Electronics, Feb.
1, 1979, p. 351. The neatly packaged
unit, which can act as astand-alone
terminal or as part of alarge system,
was designed for easy adaptability.
"Our aim was to develop a product
that isn't limited to a specific
marketplace and won't dead-end
quickly," says Harry J. Grossman,
vice president for research and engineering. "The Dt/C 8200 can be
redefined and reconfigured at the
customer level; all the software
implementations are contained in the
operating system."
The strength of the system is its
modularity, according to Grossman.
The basic hardware includes a
processor module, avideo controller
and display modules, a keyboard
module, a motherboard module, a
power supply, and aprinter module.
The processor board is based on a
3-MHz 8085A microcomputer (the
5-MHz version is available as an
option) and also contains 2kilobytes
of read/write random-access memory (RAN), 12 kilobytes of read-only
memory (Rom), and 256 by 4bits of
RAM with battery backup configured
as 128 8-bit registers. The processor
board provides 12 levels of vectored
interrupts, a programmable realtime clock, programmable baud-rate
generators, a keyboard interface,
and an asynchronous communications interface. "The system organization is similar to Intel's Multibus,"
explains Grossman.
At the heart of the videocontroller
module is a Motorola 6845 video
controller chip, which provides pro-
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grammable display features, the
capability of generating custom
fonts, and light-pen support for a
12-inch cathode-ray-tube display.
The 25-line-by-80-character screen
format displays up to 160 different
characters: 32 control symbols and
32 graphics symbols in addition to
96 ASCII characters. A buffer allows
one page to be displayed while
another is waiting. The, keyboard
module has a full ASCII typewriter
keyboard as well as a15-key numerical keypad, a 12-key editing pad,
and 14 special-function keys—four
of which are programmable to eight
levels of nesting.
The motherboard has nine nondedicated slots for logic modules. A
triple-output unit, the power supply
delivers +5 v and ± 12 V. Finally,
the five-by-seven-dot matrix printer
has an 80-column format and will
print 150 characters per second.
Decentralized. "We've totally offloaded any input/output handling,"
says Grossman, "providing the ability to reconfigure the system at will
without burden to the user." Key to
this is the use of microprocessorbased controller boards, housed
within the Dt/C 8200 shell, for all
the peripherals. The printer, CRT
display, keyboard, minicassettes, and
minifloppies can be built into a
single unit.
Much of the flexibility of the
system comes from the automatic
system generation software (AutoSysGen), which allows automatic
adaptation to any hardware configuration when the user simply shuts
down the system, adds the needed
controller board and peripheral, and
turns the power back on. All the
software needed to support the

added peripherals is already included in the operating system,
according to Grossman.
In addition to the multitasking
operating system and Auto-SysGen,
the system's standard software includes a text editor. Basic, Cobol,
Pascal, APL, and Fortran are offered
as options.
A basic Dt/C 8200 system
includes a processor, a keyboard, a
display with its controller, 64 kilobytes of RAM, a power supply, the
operating system, text editing, and
Auto-SysGen as well as adiagnostic
package and sells for $2,850. Fullscale production is scheduled to
begin in late May or early June, at
which time the company expects to
ship about 350 units amonth.
Solid State Technology, 17 Wheeling Ave.,
Woburn, Mass. 01801. Phone Roger Trudeau at (617) 935-3910 [339]
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Video system unburdens host
Graphic display unit uses dual processors with dual buses
to format data, do number crunching, and set up memory
by Robert Brownstein, San Francisco regional bureau
Visualizing complex data has been so
critical to scientists and engineers
that for years their computers have
borne the overhead of condensing
reams of alphanumeric-riddled
printouts into afew charts or graphs.
Now, however, the market in the
graphic processing of nontechnical
data is showing a 26% annual
compound growth rate. Some analysts predict commercial computer
graphics may bring in nearly $2
billion by 1983.
Past obstacles included the computational drain on the central
processing unit, as well as need for
extra memory and special programming and software. To slash the
work-load placed on a host computer, Ramtek Corp. has placed dual
parallel processors on separate buses
inside their modular RM-9400
graphics display system. Furthermore, they have designed a system
whtse speed and resolution allow
designers better use of the 1,000line, wideband color monitors that
are currently available, according to
Jon Fowler, director of 9400 systems
marketing for the company.
Placed between a computer and a
cathode-ray-tube monitor, the RM9400 accepts graphics data and
instructions from the host, converts
the generalized graphics coordinates
(called "world coordinates") into
screen-specific coordinates, maps
them into refresh memory, and scans
the memory to form analog signals
for the CRT monitor. Even where
images are moved or rotated, or the
screen's picture is shifted left, right,
up, or down, the intensive computations required to maintain coordinate integrity are performed by the
RM-9400 instead of the host.

138

resolution of up to 1,280 pixels per
Data flows back and forth beline by 1,024 lines, but with refresh
tween host computer and graphics
rates of 30 Hz.
system via the display processor's
"A typical system like the RMbus and a hardware computer inter9400/80 costs between $50,000 and
face subsystem. The 8-bit (Z80)
$60,000 depending on the number of
microprocessor-based display prorefresh memory planes and monitors
cessor (DP) interprets the host's
serviced and on the computer interinstructions, performs coordinate
face," Fowler says. The hardware
transformations, and passes procomputer interface is between
cessed data on to a memory control
$1,500 to $2,500 for most minicomprocessor (MCP) based on a 16-bit
puters, but an IBM-compatible modbipolar microprocessor. The MCP
ule costs $5,000. A single refresh
performs high speed mathematical
memory plane for the RM-9400/80
routines when needed and writes the
(for black and white) sells for
image data into the refresh modules,
$2,970, and a full 16-plane assemwhich are composed of 16-K dyblage (1-K by 1-K by 16 bits) shoots
namic metal-oxide-semiconductor
the price up to $37,520.
random-access memory chips.
Ramtek offers three versions of
The MCP then directs a video
the video generator system module.
generator's scan sequence and iniOne, the RM-9400-V I, drives up to
tiates conversion of the digital codes
four color monitors, provides hardinto analog color monitor signals.
ware "blink" (selective blinking of
Some monitors can handle picture
screen images), and mixes up to four
element signal times of 17 ns, Fowler
cursors with any of its 12 output
says, and to squeeze maximum
channels. Fowler sees this version as
performance out of them takes digibest suited for general-purpose color
tal-to-analog converters that can
graphics.
perform a conversion in 6 to 7 ns.
The V2 version drives only one
The 8-bit d-a modules in the 9400
color monitor but has a 2,048-byare rated 10 ns, which means they
13-bit video lookup table programkeep the monitor busy but allow
mable for 4,096 colors at any of
room for future improvement.
2,048 input intensities. This version
Flexible. The system's modular
is tailored to image processing. A
design lets it be tailored to specifthird generator, the V8 version,
ic applications. In a command and
drives up to two color monitors and
control system, for example, flickerhas a pair of 256-by-8-bit video
free appearance is important and
lookup tables. This one is geared to
requires refresh rates of 60 Hz. At
that rate, a RM-9400 system with a command and control applications
such as pilot flight simulation sysresolution of 1,280 picture elements
tems, according to Fowler. The RM(pixels) per line by 512 lines can be
9400 is now in production and first
configured. For computer-aided deunits are being shipped.
sign systems, flicker is secondary to
the need for higher resolution, FowRamtek Corp., 585 North Mary Ave., Sunnyvale, Calif. 94086. Phone (408) 735-8400
ler explains. For these applications,
[338]
Ramtek offers system setups with
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And rugged quiet types too.
Take your pick of unique snap-action,
snapless, industrial limit switches, and more.
Our line includes awide range of both snappy and quiet ideas for your tough switching jobs. For
example, take our subminiature Type 16 snap-action switch. Its only one of Licon's many small,
rugged switches offering our unique Form Zdouble break switching. This means that two isolated
circuits can be controlled simultaneously with one single pole Licon' switch.
Double break switching offers other advantages, too. Twice the arc breaking and current
interrupting ability. Better heat dissipation. Longer switch life. Improved resistance to shock and
vibration. Superior wiping action. "Big Switch" ratings up to 20 Amps. It's why our small basics offer
greater cortrol, reliability and electrical ratings over most subminiatures.
We have other small things to talk about, too. Our Type 18 double break snap-action switches are
sub-subminiature—ideal for your applications where space is at apremium. And subminiature
snap-action switches are also an integral part of Licon's popular lighted pushbutton switches.
If you want aquiet switch, try our Type 17 basic snapless switch. Its non-snap action fits
applications requiring minimum audible circuit transfer noise. And Type 17 provides the versatility
of small size and the double control of double break switching. Recognized for its use in logic and
low level switching applications along with the economy of non-gold contacts.
Licon switches meet awide variety of uses, including computers, office machines,
instrumentation, industrial controls, materials handling and
transportation equipment. We offer an extensive variety of actuators
and switch sizes. Amp versions to 20 Amps; up to 480 VAC and 125
VDC ratings.
For full details on all our switching ideas, contact your local Licon
Salesman or Distributor, or call or write for literature: Licon, 6615
West Irving Park Road, Chicago, Illinois 60634. Phone (312)
282-4040. TWX: 910-221-0275.

Colv

LICON 6
A DIVISION OF ILLINOIS TOOL

Circle #138 For Full Details
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ni
'incidence
that Murata-Georgia
provides unexcelled
customer service
nationwide

When a reputation as the fastest growing
capacitor manufacturer in the U.S. is added to
Murata-Georgia's already well known name for
quality ceramic disc, monolithic and high voltage
capacitors, it has to be backed by quality
customer service. That's why we have named over
40 local manufacturer's representatives and
distributors to provide Murata product service
throughout the nation.
Murata-Georgia's Marietta office now has one
of the most sophisticated data processing

systems in the industry—we can tell you exactly
what capacitors are on our shelf or where your
capacitor order is and when it will be shipped on
a minute-by-minute basis.
If you need high quality, competitively priced
ceramic capacitors of any kind, give us a call and
we'll let you sample our service.
Coincidence? No way. We've planned it that
way.

muRata-Georgia
MURA TA CORPORATION OF AMERICA

1148 Franklin Road, S.E.
Marietta, Georgia 30067
Phone: 404-952-9777
ceramic capacitors, subminiature potentiometers. piezoelectric ceramic liners, resonators and transducers, resistor networks, Posistore PTC thermistors
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Bit-slice mini boasts lower price
Computer serves multiple users with floating-point processing
and allows them to alter microcoding by plugging in their own PROMs
by William F. Arnold, San Francisco regional bureau manager

Although speedy bit-slice parts have
been designed into some minicomputers, enabling them to emulate
mainframes, the bit-slice approach
to higher performance has not yet
become popular for lower-priced systems. But the debut later this month
of a multiuser 16-bit minicomputer—one built with bit-slice power
and priced with microcomputer savvy—should change all that.
Called the HEX-29, the bipolar
minicomputer takes full advantage
of microcoded bit-slice technology,
according to Michael Simmons,
head of Hex, asmall Carmel Valley,
Calif., design group. Consequently,
the computer comes packed with a
host of features, including floatingpoint processing and multiuser timesharing, at areasonable price.
The systems will actually be manufactured and marketed by Digital
Microsystems Inc. John Torode,
president of the company, says that
the basic minicomputer will come
with cathode-ray display, 96 kilobytes of random-access memory, two
floppy-disk drives, four serial input/output ports, and power supply.
Housed in a 14-by-17 1
/-by-20-in.
2
cabinet, it will sell for a price just
under $15,000.
The HEX-29 has abasic machine
cycle time of 160 ns and a registerto-register cycle time of 320 ns,
Simmons says. Pipeline instruction
fetching also aids fast processing.
Moreover, many instructions can be
executed in as few as two machine
cycles, he says.
Simmons and his team wanted to
optimize HEX-29 for the complex
numeric and string processing encountered by high-level language
compilers and interpreters. To do so,
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they could "not emulate, not build
yesterday's architecture," Simmons
says. Rather, they had to design "a
real new architecture from the
bottom up."
Based on Advanced Micro Devices' 2901 bit-slice parts, the HEX29's 64-bit-wide microinstructions
are stored in programmable readonly memory, so a user can easily
incorporate new machine-level instructions and complex routines by
adding PROMs.
The architecture uses an extensive
register set of 16 definable generalpurpose registers, 16 memory management registers, and numerous
special-purpose registers, including
an extended-function condition register and an interrupt status and
control register. The HEX-29 can
handle a complete set of data
formats from bit operations up to
quad word and variable field operations. It also boasts a sophisticated
interrupt structure with up to 256

interrupt levels under program control.
Hex and Digital Microsystems are
eyeing potential sales to manufacturers of small business computers,
educational systems, research laboratory and medical instrumentation—almost any system that can
take advantage of the HEX-29's
speed and features. Simmons points
out that HEX comes with a great
deal of system support. On the software side, its Timeshare operating
system and macro-assembler will be
followed by Super Basic, Fortran 77,
and a Pascal compiler. In hardware,
the programmable channel controllers for floppy disks and video graphics will be followed by ones for hard
disks, magnetic tapes, and serial
communications. And although the
basic system has four wo ports, it
can handle up to 16 users and can
plug into 1megabyte of memory.
Digital Microsystems Inc., 4448 Piedmont
Ave., Oakland, Calif. 94611 [340]

Key boards. Clockwise from top right: CPU. memory, disk controller, and program store.
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HITPCHI MPTRIX
LC DISPLPY H2518

6

,9713

H2518

Actual size

oduct
at Hitachi
Eye-catching and fast-acting, Hitachi's dotmatrix, liquid-crystal display devices are
ready to dispense programmed information
in an amazingly effective manner for an
amazingly low cost.
They're versatile enough to be used for
anything from POP and POS displays to
microcomputer, measurement equipment
and small-size terminal applications.
The key to their performance is Hitachi's
special liquid crystal, featuring fast response,
neutral color, high-contrast ratio, wide view-

ing angle, and temperature-compensating
circuitry to allow continuous operation from
a chilly 0° to a humid 50°C.
What's more, power consumption is
ultralow—a mere 60 to 100 mW, depending
on the model.
So if you want to get your message
across in a dynamic, exciting manner, check
out Hitachi's ultrasmart LCDs.
For more information, write to our head
office or to the office nearest you.

SPECIFICATIONS
Model No.

H2515

H2516

H2518

H2519

40 x 1

40 x 2

16 x 2

16 x 1

240 x 53 x 23

240 x 53 x 23

160 x38 x 23

160 x 75 x 12

(Vdd—Vss)
+5±0.25
(Vee—Vss)
— 5±0.5

(Vdd—Vss)
+ 5±0.25
(Vee — Vss)
— 7±0.7

(Vdd—Vss)
+5±0.25
(Vee — Vss)
— 5±0.5

(Vdd — Vss)
+5±0.25

100

100

60

Characters x Line
Module Dimensions
(w x hxd (max.) mm)

Power Supply (V)

Power Consumption
(mW max.)

(Vee—Vss)
— 5±0.5
60

H2516
FEATURES
Excellent readability and high contrast ratio of twisted
nematic display
Alphanumeric display with 5x 7dot-matrix characters
(with cursor in models H2515, H2516 and H2519)
Character dimensions: 3.1 w x4.4 hmm
Easy to interface — only 8connector pins
C-MOS or TTL compatible
Small-size, lightweight module
Low operating voltage
Ultralow power drain (60 to 100 mW) — portable and
suitable for battery-driven operation

HITACHI
Head Office:
Hitachi, Ltd.
Electronic Devices Group
6-2, Otemachi 2-chome, Chiyoda-ku, Tokyo 100, Japan
Telephone: Tokyo (03) 270-2111
Cable: "HITACHY" TOKYO
Telex: J22395, J22432, J24491, J26375
U.S.A.: Hitachi America, Ltd. Chicago Office
707 West Algonquin Road, Arlington Heights,
III. 60005
United Kingdom:
Hitachi Electronic Components (U.K.) Limited
P.I.E. Building, 2 Rubastic Road, Southall,
Middlesex U62 5LF
West Germany:
Hitachi Electronic Components Europe GmbH
4000 Düsseldorf 1, Kizinigsallee 6
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COMPUTER AIDED DRAFTING-ADVANCED STATE OF THE ART i

Between $18,000 to $45,000

144

Simply input ideas
with Joystick or
Graphic tablet

New products
efficiency. The basis upon which this
is quoted is intentionally different
from the ones used by competitors,
states Cole.
"Efficiency is 70% minimum at
full load over the entire ac inputvoltage range," he states. "This is a
more realistic specification for a
Linear-supply maker's first
user," he asserts, adding, "we can
switcher is a5-V/40-A unit
achieve efficiency numbers up in the
80s just like anybody else." The ac
that sells for $250
input-voltage range is 90 to 130 vac
or 180 to 260 vac at 47 to 63Hz.
To break into the highly competitive
One truly unusual aspect of the
switching power-supply market, a new supply is its switching frequenmanufacturer has to offer something cy —28 kHz. Most other supplies
special. In the case of Power-One operate between 18 and 22 kHz,
Inc., a leading maker of linear which Power-One engineers felt was
supplies, the something special is a less than optimum. They believe that
combination of the best of the vari- they have maximized efficiency and
ous special features offered by its eliminated the possibility of acousticompetitors.
cal noise by going to 28 kHz. A
"We looked at literally all our major manufacturer of switchers,
competitors and picked out what however, believes that the increased
works," says Steven Cole, vice presi- frequency is merely the result of the
dent for marketing at the privately "usual design tradeoffs, and neither
held firm. Individually, the features better nor worse than what we and
to which he refers are not uncom- others do."
mon, but taken together, he believes,
Among the more common features
they are indeed special.
and specifications that Cole menThe company's first switcher is a tions is the SK5-40/0VP's regula200-w single-output unit, the model tion to within 0.1% both over the full
SK5-40/0VP. Its payoff specifica- input-voltage range and for loads
tion, as with any other switcher, is its from no load to full load. He also

Power supplies

Power-One gets
into switchers

Computer does work,
you do the thinking

Instant Recall: Add or delete
entire blocks of drawings with
one command

Plotter gives camera ready
art in minutes

Only at ICorporation
Order yours today!
* PC Layout
* Schematic
* Mechanical
* Hybrid

(415) 848-6600
awo
e

ICorporation

835 Addison Street
Berkeley, CA 94710
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The Pick 611 9Choose Relay
972 variations of a12 amp miracle from your Guardian Angel

PICK Series

1510 AC or 1515 DC.

CHOOSE

.187" or .205" quick connect/
solder lug, or PC termination.

PICK

CHOOSE

PICK push-to-test button versions.

CHOOSE

PICK

SPDT, DPDT or 3PDT.

bracket, stud, stud-on end or tapped core mount

indicator lamp versions.

heat and shock resistant
polycarbonate dust cover or open style
(without cover).

CHOOSE

PICK voltages from 6to 240VAC,

contact materials from
silver-cadmium-oxide to tungsten and
gold alloy silver and silver alloys for special applications.

6to 110VDC.

sockets with solder lug,
.187" QC, PC or screw terminals.

CHOOSE

PICK

the 1510 that's ideal for your application—
and get it directly from Guardian ... or from your
Guardian Distributor.

Your Guardian Angel has afree
technical application bulletin waiting
for you. Send for your Series 1510
data today.

GUARDIAN®

GUARDIAN ELECTRIC MANUFACTURING COMPANY • 1550 W. Carroll Avenue. Chicago, IL 60607 •312/243-1100
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New products
notes its maximum transient deviation of 5% due to a sudden load
change and its transient recovery
time of 150 sto within 1% of the
nominal output voltage.
Cole singles out the supply's
direct-drive circuitry, which eliminates the base-drive transformers
found in many other switchers, for

special mention. Not only does the
circuitry provide more positive control of the switching power transistors, he says, but it also improves
line-noise rejection. According to
Cole, it effectively regulates the voltsecond product applied to the power
transformer, providing a form of
preregulation. As a result, he says,

Beautiful
flexibility for
electronic brains.

"you can even plug in a soldering
iron next to the supply and nothing
will show up on the scope attached to
the supply output."
Other key specifications include
2,500-v-rms input-to-output isolation, input-to-chassis isolation of
1,500 v rms, and output-to-chassis
isolation of 500 V dc. The unit has
isolated terminals for remote on-off
control of the dc output, with 5 mA
required to cause shutdown. For
further protection, the supply has a
power-failure signal flag and current
limiting to 105% to 125% of rated
current. If a short occurs, the
current is automatically reduced to
25% of rated current after 1second.
The supply will deliver its full
output from 0° to 50°C and can be
derated for operation up to 70 °C. It
measures 4.88 in. high by 2in. wide
by 13 in. long for atotal of 127 in.'
In quantities of one to nine, the unit
sells for $250; a 20% discount
applies for lots of 100 or more. Highvolume deliveries are planned to
begin in early summer.
Power-One Inc., Power One Drive, Camarillo,
Calif. 93010. Phone (805) 484-2806 [381]

DIP-packaged batteries
last longer at 50°C

Thanks to quick assembly/disassembly design, our new
Accent Work Stations and Tables can go beautifully
along with small computers and calculators to wherever
work has to be done. Or can be stored when not needed.
With our Work Station, you can add more modules with
inexpensive extension kits. In our catalog, you'll see
other ways our flexibility keeps things simply beautiful.
Send for it.

We

Designed as apower source for such
applications as memory backup and
single-chip microcomputers, the
Goldtop DataSentry is a rechargeable nickel-cadmium battery that
comes in a dual in-line package for
direct wiring to a board. Unlike
other such batteries with 50°C
ratings, the Goldtop DataSentry is
rated for up to 70 °C. At 50°C, it will
have an application life three times
that of comparable units, according
to the manufacturer.
The batteries have a capacity

make you look better

OPTIMA
Scientific-Atlanta
2166 Mountain Industrial Blvd., Tucker, Ga. •Tel: (404) 939-6340
Europe: McKettrick-Agnew, Macmerry, East Lothian, Scotland, EH33 1EX •Telex: 72623
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Before you choose aconverter,
be sure you get the facts you ne

\I-`c;•ba

DDC

puts your
data converter
needs in perspective.
Matching the correct converter to yourdata conversion
requirements isn't always asimple matter. You need
to look beyond speed and accuracy, to considerthe full
operating temperature range, all your environmental parameters, reliability, and size
constraints. In short, the converter you buy
should meet all your performance and
quality requirements.
When you call DDC, you'll get the answers
you need to make aproper selection, and
more. We'll perform acomplete analysis of
your data conversion requirements. Prior

to purchase, we match precisely a
converter to your requirements.
Finally, DDC employs the industry's highest
quality disciplines, and insures that
every converter delivered conforms
in every detail to your design, fabrication and test specifications. To get
all the information you'll need to make
an intelligent, cost-effective choice,
call aDDC applications engineer, or
write for afree copy of "Up-Front
Facts About Data Converter Selection."

o

ILC DATA DEVICE CORPORATION
A Wholly Owned Subsidiary ot ILC Industries, Inc.

Airport International Plaza, Bohemia, New York 11716
516..567.5600, TWX 510.228-7324
ILC Dover— Sole designer and manufacturer of Apollo and Shuttle space suits
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New products
of any supply can be equipped with
over-voltage protection. All models
are currently available from the
manufacturer's stock.
Gould Inc., Electronic Components Division,
P. O. Box 6050, El Monte, Calif., 91731.
Phone (213) 575-4777 [386]

High-voltage modules power
photomultiplier tubes
The series PMT-10A and -20A, for
powering photomultiplier tubes, provide outputs of 0 to 1,000 v dc at
4 mA and 0 to 2,000 v dc at 2 mA,
respectively. Locally adjustable as
well as remotely programmable, the
output exhibits ripple of less than
2 mv peak to peak and is stable for
the short term to within 0.005% of
full scale.
The modules can operate from a

Eliminate errors in your computer
or instrument system with Deltec's
Super Isolation Transformer
Deltec DT series isolation
transformers drastically
reduce memory and
transmission errors
caused by transient noise
on commercial power
lines. Common Mode
Rejection is 140dB and
interwinding capacitance is less than
1femtofarad (0.001 pf).
Stock models are
available from 250 VA to
5KVA 10 and 15 KVA 3 0,"
50/60 Hz. For detailed
specifications write or
call Deltec.
*LIL LISTING PENDING.

AC POWER HANDBOOK
This book should
interest any
executive,
manager,
DELTEC
engineer or
technician who
depends on
electronic
instrumentation
to assist in meeting his objectives.
This handbook of problems and
solutions relating to AC Power is
written in layman's language to
the greatest possible extent. Now
available at our cost of $3.00.Write
or call for a copy.
AC POWEI3

PROBLEMS
AND
SOLUTIONS

D

CORPORATION

980 Buenos Ave., San Diego,
CA 92110. Telephone (714) 275-1331

150
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variety of dc input voltages and may
be ordered in versions that provide
positive or negative voltages. They
are protected against short circuits
and arcing.
Available from stock, the units are
priced at $185 in single quantities.
Bertan Associates Inc., 3 Aerial Way, Syosset,

N.Y.

11791.

Phone (516) 433-3110

1384]

Stable voltage reference
comes in single-cell version
A low-end addition to a series of
voltage reference standards introduced last fall [Electronics, Oct. 26,
1978, p. 236], the model VTS 101SC is a single-cell source. Like its
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New improved 4K static RAMs:
As lowas 275 mW As fast as150 ns.
Get 'em now. From Texas Instruments.
Just call your TI distributor. For
TI's easy to use, economical family
of 4K static RAMs. Which now includes higher performance versions. And the new, low power
TMS 40L44 and TMS 40L45.

Low power match
for microprocessors
Maximum power dissipations for
the new low power RAMs range
from 275 mW to 330 mW (operating). Access times from 200 ns to
450 ns.
Static design eliminates clocks,
timing strobes, and refresh
circuits.
These new high-density RAMs
offer design flexibility —featuring

both 4K by 1and 1K by 4organizations. They require only a +5 volt
power supply with a wide -±-10%
tolerance.

Improved standard RAMs
TI's standard 4K static RAMs are
as fast as 150 ns. And power has
le

TI 4K Statics— Ready to Go
Organizabon
41(x 1

e

s
m

'- lime

Typ .
`

Mae. Power
Ac4e/Standty

150 as

TMS41144-15

200 as

TINSIOL44-20 275 ,96 riW
TMS4044-20 440 ,156 rnee

44a/156 mei

16 x4

Type

Max Power
Acave/Stanaby

TMS4045-15

550/170 mW

TMS40145-20
TMS4045-20

330/110 mW
550/170 mW

250 ns

TMS40L44-25 275416 mW
TMS4OL45-25
TMS4044-25 4401156 m1h TMS404S-25

330/110 inW
550/170 mW

450 ns

THS401.44-45 275/96 mW
TIAS4044-45 4401156 mW

330/110 mW
550/170 mW

TMS40L45-45
TMS4045 45

been reduced to as low as 440 mW
max.
All TI 4K static RAMs offer:
•Improved output drive: 1mA high
state; 3.2 mA low state.
•Improved input noise tolerance:
—1 volt minimum.
•Improved address hold time: 0ns
minimum.
For 4K Static RAMs fast, make
that call to your TI distributor
now. Or for more information, write
Texas Instruments Incorporated,
P.O. Box 1443, M/S 669, Houston,
Texas 77001.
TEXAS INSTRUMENTS
MOVING AHEAD
IN MEMORIES

I °

TEXAS I
NSTRUMENTS
© 1979 Texas Instruments Incorporated

INCORPORATED
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Instant Access to All
American and International
New products

Data
Communications
Standards

-

TRANcELL•iii se

\_

1133 pages
Edited by
Ilarold C. FoIts,
Data Communications
Standards Consultant
and
Ilarry R. Karp,
Editor-in-Chief
Data Communications
Magazine

Presents all 89 relevant standards
promulgated by:
•Consultatk e Committee for International 'telephone and
telegraph (C(ITT)
•International Organization for Standardization (ISO)

C040.04

1
LIZ

solid state
dc voltage
standard

e• •

ST*AtelEFERENC: LABS.
FAIN LAWN NJ

07 410

USA

multiple-cell relatives, the solid-state
unit uses a 6.3-v zener diode that is
stable to within 2 parts per million
per year and has atypical short-term
drift of 0.2 ppm/hr. The zener
diode's voltage drop is accessible
through terminals on the front panel,
as is a 10.0-v output derived from it.
The latter is stable to within better
than 10 ppm/yr, with a typical drift
of 0.5 ppm/hr.
The VTS 101-SC is priced at
$1,695. Delivery takes 16 weeks.
Standard Reference Labs Inc., Pollitt Drive
South, Fair Lawn, N. J. 07410. Phone John
Halgren at (201) 797-3907 [385]

•American National Standards Institute (ANSI)
•I:Jet:twilit: Industries Association (HA)

Triple-output supplies work

•Federal Ulecommunications Standards Committee
IFTS(:)

at 50 Hz without derating

l'/us ... descriptions of the standards groups
And... relational charts of interfacing standards
Order today using tbis coupon!

rirLeÏ

Return coupon to:
Data Communications Standards
PO. Box 669
Hightstown, New Jersey 08520

1.11

Send me
copy (copies) of DATA COMMUNICATIONS STANDARDS (099782-9) on a 10-day money-back
guarantee. Iunderstand that if Iam not absolutely satisfied.
Imay return the book(s) within ten days at no further obligation. Otherwise. McGraw-Hill will bill me S165. for each copy,
plus applicable sales tax, shipping and handling charges.
SAVE MONEY! Enclose payment in full, plus local sales tax, and
McGraw-Hill pays all regular shipping and handling charges.
Ten-day money-back guarantee still applies.
Check enclosed
Bill me
Bill my company

Company
purchase order

Name
Title
Company

Datel Systems

Address
City

Inc.,

1020 Turnpike

St.,

Canton, Mass. 02021. Phone Gene Murphy
State

This otter subject to acceptance by McGraw-Hill
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Providing full-rated output over the
ambient range from 0° to 65°C, the
MP series of triple-output supplies
consists of six models. Users can
choose outputs of ± 12 or ± 15
and 5-v outputs at 3, 6, or 12 A, and
all models operate from 115 or 230 v
ac at 50 to 60 Hz with no derating
for 50-Hz operation.
The units have amaximum output
ripple of 1 my rms, line and load
regulation of 0.05% and 0.1% of
nominal output, respectively, and
efficiencies of 45%. Dual outputs
track to within 0.05% of absolute
value and all outputs are adjustable
over a ±5% range by externally
accessible potentiometers. In single
quantities, prices range from $128 to
$244 depending on output needed,
and the delivery time is from one to
four weeks.

Zip

at (617) 828-8000 [388]
ELV
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THE WIDEBAND RMS VOLTMETER
ONLY FLUKE COULD CREATE.

You're probably accustomed to using analog meters
for audio-to-rf measurements. Maybe you've given up
hope of going digital at areasonable price.
Good news!
Fluke's new 8920A wideband true
rms DMM is loaded with features—some
you can't buy anywhere at any price,
and it sells at an analog price: $995'
For starters, 8920A bandwidth is 10
Hz to 20 MHz for sub-audio to video AC
measurements. Mid-band accuracy is
0.5%, compliments of an exclusive Fluke
designed (and built) micro-electronic rms
chip. Accurately measuring noise and
non-sinusoidal waveforms is easy since
the chip responds only to the heating
8921As Isolated
effect of the waveform. You can select Banana Jack Input.
the AC + DC function for non-symmetrical waveforms like pulses that have
aDC component.
We gave the 8920A dynamic range
from 180 .t\/ to 700 volts, to measure
from low noise levels to the output of
powerful amplifiers. And, fast autoranging relieves you of the knob twist"Dial-An-Ohm"
ing chores!
Put the 8920A into dbV mode and measurefrom —75db
to +57db (132db range), with 0.01db resolution. If you want
your dbV reference somewhere else beside 1V, Fluke's

exclusive relative reference lets you store any voltage as
the 0-db point. Imagine how simple your gain measurements can be!
To make the 8920A all things to all people, we've included a"dial-an-ohm" feature for dbm measurements.
Instead of laboriously correcting each of your readings
from a600 ohm reference, simply dial 50, 75, 300, or one
of nine other impedances up to 1200 ohms, and be right
on every reading. There are several selections for broadcast, telephone, TV and RF applications.
An analog meter is standard, for convenient peaking/
dipping/nulling, as is alinear analog output for continuous
recording. Optional are logrithmic analog output and an
isolated output to drive acounter. Soon, IEEE 488 interface will be available for systems use.
If your prefer an isolated banana jack input with full
floating capability, specify the 8921A (also only $995).
*U.S. Price
For more information, contact one of the more than 100 Fluke
offices or representatives, worldwide. In the U.S., CALL (800) 426-0361*,
TOLL FREE. Residents of the U.S. and all countries outside of Europe,
contact: John Fluke Mfg. Co., Inc.. P.O. Box 43210, Mountlake Terrace,
WA 98043, U.S.A. Telex: 32-0013.
In Europe, contact: Fluke (Nederland) By., P.O. Box 5053, Tilburg,
The Netnerlands. Telephone (013) 673973. Telex: 52237.
Price U.S. only.
*Alaska, Hawaii, Washington residents — olease call (206) 7742481.

I
FLU K El

2504-8018
Circle 153 for Literature
Circle 251 for Demonstration

Loch Katrine in the Trossachs — where Glasgow draws much of its exceptionally pure water

Glasgow's unique industrial resource
-unfailing supplies of
the purest water in Europe
The lochs which ring the city do
much more than make Glasgow an
attractive centre for the tourist.
They make it an attractive base for
industries that need pure and
abundant water.
From these lochs comes the
purest piped water in Europe — and
some of the purest in the world.
Certainly the purest in any major
conurbation.
And the supply never fails. Even
in the U.K. droughts of 1976,
industry in Glasgow could still use
water without restriction.
Inexpensive water
There is another reason why
Glasgow is so attractive to industries
heavily dependent on fresh water.
Because Glasgow's water is so
available, so close at hand, it is
inexpensive water.
There is yet athird reason, too.
In Glasgow, there is no charge for
disposal of industrial effluents. That,
in itself, can make a big difference
to costs in many industries.
Circle 154 on reader service card

So if your processes need pure
water, get in touch. We'll help fill in
the facts and figures for you. And
we'll show you the other resources
Glasgow offers industry.
Room for you
First and foremost, Glasgow has
room for new industry. Nearly five
million square feet of factory space,
in units to suit any size of company,
are immediately available. And there
are over 300 acres of industrial
building land, offering sites of five
acres up.
So you won't be cramped for
space. Nor will you be isolated in
some remote industrial estate. All
these sites are well inside the city —
making it easy to recruit and keep
staff.

resources of a major industrial
centre — tool-making, packaging,
printing, maintenance. Excellent
links to the rest of the U.K., and to
foreign markets, by road, rail, sea
and air. And the leisure facilities of a
great city, surrounded by some of
the finest countryside in the world.
But, for the full story, contact
D. S. Logan, Industrial Development
Officer, City of Glasgow District
Council, Sun Life House, 116 West
Regent Street, Glasgow G2 2RW.
Telephone 041-332 9700.

Glasgow's other resources
Glasgow has other resources,
too. A well-educated workforce,
traditionally orientated towards
sophisticated industrial processes.
The service and sub-contracting

GLASGOW
city to build on

The Industry's First 25-MHz
From the company that was first to introduce 10-MHz LSI
test systems comes the industry's first all-new 25-MHz memory
tester-the Macrodata M-1.
With the advent of high-speed MOS Static RAM's and
16K/64K Dynamic RAM's with complex timing requirements,
the need for anew high-speed memory tester is obvious and
urgent. Looking ahead, Macrodata foresaw that need and
developed its new 25-MHz M-1 Memory Test System.
But there's more to the new M-1 than just speed. Here is a
brief run-down of some of the outstanding features:
True 25-MHz Device Testing Speed
•tests 4K (and larger) fast Static MOS
ÇfS
Q
RAM's up to 25-MHz (40 nanosecond
period) speeds
•tests 16K and 64K Dynamic MOS
RAM's up to 20-MHz (50 nanosecond
period) speeds with full split-cycle timing
•tests both bipolar and ECL RAM's at
speeds up to 25-MHz
Unique Device Interface
•special hybrid comparator
packaging allows measurement and
error processing at end of cable
•small lightweight test head
provides easy interface to commercial
probers and handlers

System Timing Accuracy
•skew specification guaranteed over 20% to
80% of waveforms, not restricted to a
single midpoint measurement
•fully automatic software calibration
without the use of pots- many times faster
than any other system
Designed for Reliability
•efficiently designed with
advanced IC technology to reduce
hardware complexity and parts count
•design rule of 10 watts per double
board maximum allowable power
dissipation to eliminate heat problems
•maintenance by card replacement
with guaranteed interchangeability to
eliminate pots and minimize downtime
Cost Advantages
•provides the highest performance per
dollar investment, resulting in the
"lowest-cost-per-hertz" in the industry
•single rack console minimizes floor space
•simplicity of
design maximizes
system utilization
Get the Facts

Full Computer Control
•full stand-alone software capability
based upon DEC LSI-11 system, providing program generation, datalog,
shmoo plot, edit, bin summaries, etc.
standard video terminal
plus hard-copy
print-out
,
71111111111

The new Macrodata M-1 is not only the
industry's fastest memory tester, but
it is the precursor of awhole new
generation of test systems. For more
information on this advanced
new system, send for acopy of the
M-1 brochure or call us directly.
Also ask about Macrodata's
complete family of memory board
and other LSI device testers.

•

Err COMPANY
Macrodata Corporation, P.O. Box 1900, Woodland Hills, California 91365, Phone: (213) 887-5550, Telex: 69-8489
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• Resolution 0.025%
• Non-volatile, adjustment
free storage.
• Pre-trigger information.
• Digital scale expansion
to X64.

EXPLORER
'SCOPES
• Equivalent write rates to
50 cm/fis.
• Dual beam
• IEEE 488 — RS-232 IB.

Quick...Accurate...
Convenient.
The EXPLORERS, from Nicolet
are digital oscilloscopes that
perform all the functions of
traditional scopes, storage or
non-storage.
They perform these functions
brilliantly, with high precision,
fantastic storage. Easier operation
and greater versatility
are bonuses.
In the dc to 10 MHz range,
these are the finest oscilloscopes
available. They're designed for
general scope use, yet, because
of the IEEE-488 IB, and other
interfaces, they are equally suited
for advanced research.

New products
faster than with any other plotter
now available," he claims.
Inside the 3700 are three 3870
8-bit microprocessors: one is a master chip that orchestrates the 3700's
hardware arithmetic section, another
processes X-axis data, and the third
handles Y-axis information. With
Three microprocessors allow
intelligence built in, the plotter
intelligent unit to plot
relieves its attached system's processor of data-intensive arithmetic tasks
at 15 inches per second
each time a drawing is zoomed
(scaled up or down), for example.
ICorp.'s chief designer, Victor Kley,
"That is what really slows a
did not set out to design a plotter
system down," states Kley. "A linewhen he went looking for one to
intercept equation needs to be solved
hook up with his company's line of
for all the points every time adrawlow-cost computer-aided design sysing is partitioned, causing throughtems [Electronics, Nov. 23, 1978,
put to sag. Now auser can load the
p. 196]. He found, however, that
plotter with raw data and let the
available plotters were either too
machine do the calculations."
slow or too costly. So he solved the
Instead of using vector approxiproblem by taking abare-bones plotmations for curved sections as do
ter and designing a three-micropromany plotter systems, the 3700 has
cessor front end to make it fast, flexan integral curve-generation routine
ible, and very competitive on a that produces smooth curves with
price/performance basis.
much less data than the vectorCompared with a competitor's
approximation technique requires,
one-pen 2-inch-per-second plotter
according to Kley. Users have, in
that sells for $12,500, Kley feels I addition to the built-in printing
Corp.'s four-pen 15-in./s model
character set, provisions for creating
3700 at $16,000 is a real breakvirtually any other symbols by downthrough. Made to complement I loading patterns to the plotter and
Corp.'s equipment, it nevertheless
configuring the 225 (15-by-15
interfaces easily with any IEEEstroke character points, he adds.
488— or RS-232-C—compatible terWhen manipulating a variety of
minal or computer. "It will hook up
pens and drawing media, users need
to Tektronix' 4051, HP'S 9835 and
dynamic control of pen velocity, and
9845, and DEC's LSI/11 and
the 3700 provides for such control
PDP/11 and makes these systems
via software. Page sizes can be
Computers & peripherals

4-pen plotter

sells for $16-k

Seeing is knowing...
For ademonstration and literature
call Jim Bartosch at (608) 2713333 or send reader service card.

HICOLET
INSTRUMENT
CORPORATION
OSCILLOSCOPE DIVISION
Telephone 608/271-3333
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TEKTRONIX
thinks your logic analyzer
should be as versatile
as you are
So ours let you see analog and digital displays at the same time.

Verify logic and
analog relationships
at aglance

Digital troubleshooting usually
involves two steps: First, logic
analysis to find where the
problem is located. Then
analog measurement to
pinpoint the source.
Tektronix 7000-Series
Plug-Ins give you both steps.
Presented together on the
same display: acomplete
picture of the analog/digital
relationship.
Many Tektronix 7000-Series
Mainframes allow the 7D01
Logic Analyzer plus vertical
amplifier and time base

plug-ins to all be housed in a
single mainframe. The same
configuration gives you full
analog and digital capability.
First, locate alogic problem
with the 7D01's timing display
and retain it on the screen
through memory. Next, make
the analog measurement and
put it up on the same display.
Both sides of the problem are
now revealed in a
single image.
Simultaneous analog/
digital display: it helps
make our Logic Analyzer

versatile. So you can do
today's job and tomorrow's.
So you can change
applications without
changing your logic
analyzer.
Contact Tektronix Inc., P.O. Box
500, Beaverton, OR 97077. In
Europe, Tektronix Ltd., PO. Box
36, St. Peter Port, Guernsey,
Channel Islands.

TeictrcIni"x
Ult.WITTEDUUW.41

TEKTRONIX LOGIC ANALYZERS THE VERSATILE ONES
For Technology Data circle #157 on Reader Service Card
For Demonstration circle #252 on Reader Service Card
For immediate action dial our toll free
automatic answering service :-800-547-1512

New products
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Nonblinking four-digit readouts
with automatic location of
decimal points.

VOLTS
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« -We nan inexperienced op er
can set this instrument up— sirPle line
plug-in, two sim
L
'connections, pin connectors suppl ied.

Pushbutton range selection with
protection from overload or
incorrect selection.

to minicomputer systems

1560

•
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Illuminated pushbutton
I
display hold for three-function
manual recording at aglance. 1

Here is a rugged, versatile instrument that easily and accurately performs countless test
and analysis operations on anything that uses electrical power: motors, transformers,
appliances, resistance units, even light bulbs.
By simultaneously displaying amps, volts, and watts, it does the work of three conventional power-measuring units; and with its easy-to-read digits and pushbutton display
hold it minimizes chances for operator error—almost anyone can handle its simple
setup and equally simple operation.
True RMS readouts, high surge capability, no need for burden compensation or other
correction, many other advanced features. Ranges 0-50 amps, 0-600 volts, 0,30,000 watts.
Typical accuracy better than .5 percent. Analog and digital outputs optionally available.
The unit can also be used as asecondary standard for testing other instruments.
Request information today.

1

r

see our 7:aloe .n

MAGTROL, INC,

70 GARDENVILLE PARKWAY WEST

or call us toll tr. at

800828-7844
Incese Neva York State)

BUFFALO, NEW YORK 14224

716-668-5555
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The magazine
you're reading now,
could be your own.
Drop off the routing list. Get your own fresh, unclipped copy mailed
to your home or office. Turn to the subscription card in the back of
the magazine. If somebody has beat you to it, write: Electronics,
P.O. Box 430, Hightstown, N.J. 08520.
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ICorp., 735 Addison St., Berkeley, Calif.
94710. Phone (415) 848-6600 [361]

Microcomputer opens door

WATTS

vests

Portable all-in-one unit
only 15 -wide,
goes anywhere, needs
no hard wiring.

varied up to a maximum of 34 by
150 inches, with folding wings
provided for working on sheet material. Users can continuously vary pen
pressure and the plotter's carriage
has an ink reservoir for use with
technical pens on Mylar, Kley points
out. Delivery time for the new plotter is 30 days.

Most computer manufacturers add
to the low end of their lines so that
potential users can gain entry to the
family at less cost, but Texas Instruments has done so with added flair.
Additions to the DS990 series of
minicomputers, models 1 and 2 let
users enter the minicomputer world
through amicrocomputer portal.
A multiuser system, the model 2is
based on a new single-board microcomputer, the 990/5, that contains
the central processing unit, 64 kilobytes of random-access memory, and
input/output ports. Available in
either a desktop housing or a 30in.-high cabinet, the model 2 offers
such choices as a video display or
printer terminal as a work station
and two to four double-sided doubledensity diskette drives.
The model 2's system software
includes the 990 assembly language
as well as TX Basic, an enhanced
version of ANSI-standard Basic for
business applications. TX Basic runs
under the TX5 operating system,
which is completely file-compatible
with the TX10 system used on larger
DS990 systems.
Software for the model 1, a
single-user desktop system based on
the TMS 9900 16-bit microprocessor, also includes TX Basic operating
under the TX5 system, as well as
Terminal Programming Language,
or TPL. The latter runs under the TPL
operating system used on 700 series
distributed-processing systems, and
thus the model 1 forms a bridge
between those systems and the
DS990 series. The model 1's main
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If your product must work outdoors
this sealed Cherry switch will work!
We built an umbrella around a switch ...by putting our subminiature snap-action
switch inside asturdy housing and injection molding epoxy plastic that encapsulates
the switch and leads to seal out dirt and moisture.
It's watertight and weatherproof. Making it the ideal switch for use in autos,
trucks, boats, snowmobiles, power mowers, outdoor vending machines ...just about
any product subjected to extreme weather, dust, dirt, grease, grime or spray.
The watertight. weatherproof "inside switch" is our reliable E62 subminiature,
proven over more than a decade in millions of demanding applications. In this new
sealed switch design, its stainless steel coil spring mechanism and reliable rock-wipe
contact action are protected by adouble enclosure plus arubber boot on the actuator.
So that when it rains ... it works!
TEST A FREE SAMPLE OF THIS NEW SEALED SWITCH. Just PHONE (312) 689-7700
or TWX (910) 235-1572, or write on your letterhead.

CHB
SWITCHES

We put a switch inside
.. .so it's watertight
and weatherproof!

CHERRY ELECTRICAL PRODUCTS CORP.
3608
Sunset Avenue, Waukegan, Illinois 60085

e

and KEYBOARDS — Available locally from authorized distributors.
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New products
housing includes 64 kilobytes of
random-access memory, two communications ports, a 1,920-character
video display, and a keyboard. Two
to four drives are housed in a separate unit.
A multiuser model 2 with two
diskette drives and two video display
terminals is priced at $13,200, with
deliveries slated for early June. A
basic single-user model 1 with two
drives sells for $9,450; with a Silent
700 thermal printer built in, it costs
$10,550. Model 1 deliveries are
scheduled to begin in April.
Texas Instruments Inc., Digital Systems Division, P. 0. Box 1444, M/S 7784, Houston,
Texas 77001. Phone (512) 250-7305 [363]

Our New Spectrum Analyzer MS62C/C1
does only what it's told.
Some spectrum analyzers give you a pretty picture of their
own noise and internally generated spurious signals. Not ours.
With a dynamic range of 70 dB and noise of less than
—122 dBm, our new MS62C and MS62D come pretty close
to showing you only what you put into it. Even with a
—30 dBm input signal, spurious components are kept to
—100 dBm or less. A wide frequency range from 50 Hz all
the way to 1.7 GHz means this is one spectrum analyzer
you can use for a wide range of applications: base band,
video, radio, or mobile. Controls have been simplified for
quick pushbutton operation, and overall size and weight
have been reduced for ease in carrying. Operates on a.c.,
d.c., or battery power. MS62C comes with
long
persistence-type CRT (P7 phosphor), while MS62D comes with
astorage-type (P31 phosphor) display screen.

For comprehensive literature on Anritsu's
Spectrum Analyzer, contact—

Anritsu

ANRITSU ELECTRIC CO., LTD
MEAS._ • NG INSTRUMENTS DIVISION
SALES DEPARTMENT:
12 20, M narruazabu 4.chorue M.nato•ku. Tokyo '06, Jar,
Phoue 031446 11•1,Teu,‘ 0 242 2353
Cable ANPITDENK tToKvo

L_

• U.S.A. Aura.. Alnerr,a,lt• .
.201) 1:69-4474 • West Germany Kmar Ele/lee
•1: 108178)
4085 • U.
K.DV.,"
Lututed Tel: Watford 37321 • France Tekele, Arrtre,
. • 946-96-48
• Italy Vlanello S A Tel: 102. 54 40 41 *Spain
SA
Tel: 242 `,2 4; • Holland C N Rood
B V Tel: 070-99 63 60 • Belgium C N. Rood S A
I' el; 02-35 21 35 • Sur.den '
•
•et AB Tel:
08 38 03 70 • Singapore O'Connor', (Pt.. ILtd
T-1; 637944 • Australia
• •
••• Ltd. Tel:
Melbourne 560 5233 • Malaysia ()'Connor' (Malaysldl SDN. BFID• Tel; 51563/5 • Brazil
ay, EietrOntca
Cotbérr to Lida
H.o 221 6036
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Software enhances use of
Naked Mini 4, SyFA systems
In the ever more aggressive computer market, more manufacturers are
looking to the provision of greater
software support to foster hard sales.
Computer Automation, for example,
is now offering an extended Fortran
IV compiler for its Naked Mini 4
family of computers, as well as a
programming aid called SymPLE for
its SyFA network processing systems.
Naked Mini 4 (NM4) Fortran IV
operates on all N M4 computers that
have 32 kilowords or more of memory, akeyboard entry device and associated intelligent cable, an input/output distributor, and a diskstorage subsystem. Compatible with
ANSI X3.9-1966 standards, it includes advanced functions such as
Boolean operators and can generate
compact object code.
Fortran IV applications programs
compiled under the 0S4 operating
system can be executed under either
0S4 or RTX real-time operating
system. Distributed in object-code
format on a floppy diskette, the
compiler is priced at $1,500 and is
supplied complete with language and
operations manuals.
The SyFA multiprogramming language extender, SyMPLE, is free to
all users of SyFA systems. It interactively generates code for programs
used in data entry, data inquiry,

Electronics/ March
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Want to test
the long life, high
output of these GE
optoelectronic devices?

The best way to test the high reliability and performance
in General Electric's full line of optoelectronic components is to try one—ask, and we'll send one free.
What do you need — Interrupter Modules? Choose
from 30 types, including new H21/22 modules, available
in transistor and darlington models. They're compatible
with popular logic systems and operate at higher
speeds because of an optimized light path through a
lmm aperture. Couplers? GE offers 81 types, with the
highest available CTR ...interchangeable with all
popular types. Emitters? Beam-on axis, radiant intensity
guaranteed for accuracy. Detectors? Available with
transistor and darlington outputs at low cost.
Every GE optoelectronic component gives you
better value. All GE infrared emitting diodes (IREDs)
are processed with premium liquid epitaxial material
for optimized reliability and performance. This process,
commercially pioneered by GE, has been refined over
15 years for the best characteristics available. Results:
high light output, high efficiency, minimum degradation, long life.

Try one.
Free.

For optoelectronic components, come to the source
—General Electric.
We optimized the infrared emitting diode, introduced the first commercially successful opto SCR, and
offer you industry's broadest line. For afree sample
and copy of our 190-pg. Optoelectronics manual,
contact your nearest authorized GE distributor, or
write General Electric Co., Box 44A, West Genesee
Street, Auburn, N.Y. 13021.
In Europe, contact International Genera( Electric of
New York, Dundalk, Ireland, (042) 32371, telex: 33816.
222.14A

There's more
to GE semiconductors
than meets the eye
GENERAL
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The
Indicator
With aMemory

New products
record deletion and modification,
screen formatting, and menu selection. With SymPLE, source code has
astandard internal format that eases
integration and maintenance of programs by making them appear as
though they were all coded by the
same programmer.
For NM4 Fortran IV compiler: Naked Mini
Division, Computer Automation Inc., 18651
Von Karman, Irvine, Calif. 92713 [368]
For SymPLE: Commercial Systems Division,
Computer Automation Inc., 17982 Skypark
Circle, Suite N, Irvine, Calif. 92714 [369]

Network family interfaces
with variety of hosts

seI'

The P35 panel mount memorizing indicator from
Ferranti-Packard.

The P35 features:
• Long life (100 million operations minimum)
• Excellent visibility (light reflecting disc)
• Choice of 5fluorescent disc colors
• Enclosed housing
• Simple mounting
A 1 millisecond, 250 mA current pulse sets
or resets the disc, status is retained
indefinitely by remanent magnetism.
Uses include:
Transient recorders, Industrial process
displays, Contact status indicators, Field
equipment.

Another contender has entered the
networking arena: Raytheon Data
Systems Co., Norwood, Mass., is
now offering a five-member family
of upgradable single and multiple
processor configurations— Raynet —
which can interface with avariety of
major host machines. As David B.
Levi, executive vice president points
out, "our computers live in networks
and we want networks that are easier
to use."
The family consists of line concentrators (Raynet I, II, and III),
message switchers (Raynet IV), and
network nodes (Raynet V). Raynet I
is an RDS-500 minicomputer-based
network that allows 60 terminal lines
to be added without adding host
hardware. The Raynet Ialso allows
mixed line speeds of up to 9,600 bits

e
Actual Size

Discover how you can use the P35 indicator—Fill
out the reader service card or write direct today.
When clear displays count, specify:
FERRANTI

PACKARD

162

Ferranti-Packard Limited
Electronics Division
6030 Ambler Drive
Mississauga, Ontario
Canada L4W 2P1
Telephone -(416) 624-3020
Telex: 06-961437
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Series 500 Measurement and Control 1/0 System
A complete subsystem for all your signals.
The newest member of the Neff System 620 family. the Series
500 Measurement and Control I/O System provides a single.
computer-contrclled interface for various types of I/O signals

The Series 500 includes a4K RAM in which the computer can
store scan lists, instructions and control wcrds to operate
peripheral devices. Data is returned to the computer over a

commonly used in measurement and control applications. It
Eccepts contact closures. TTL or other voltage levels.

single DMA channel. Completely integrated and cabled
standard interfaces are available for most computers and

f'equency inputs and low-level analog voltages. Its outputs

software drivers are available for most popular operating
systems.

include contac .closures, voltage levels and analog. In
addition. the Series 500 provides the interface to the
controlling corr outer and aserial data link to remote systems.

Configuring the system for any combination of I/O sgnals is a
simple matter. It's done with plug-in function cards selected
for the types of signals to be handled -up to 16 function cards
per assembly, expandable to 256 function cards per site.
Series 500 supports any of the Neff 620 systems for low-level
analog data acquisition.
Let us show you how the Series 500 can simplify the
instrumentation of your measurement/control application.

INSTRUMENT CORPORATION
Circle 163 on reader service card

1088 E. Hamilton Rd., Duarte, Calif. 91010
Tel. (213) 357-2281
TWX 910-585-1833

OUR SECOND DECADE OF LEADERSHIP
See us at the Paris
Composants Electroniques '79
in the U.S. Pavilion.

MCOEL 60
›DWER METE.

•••-

FOR REGULATORY LASER COMPLIANCE*
UDT's Model 60 is designed specifically for precise regulatory measurements of class 1, 2and 3CW HeNe lasers to Bureau of Radiological Health

standards.' This compact, rechargeable, NiCad battery-operated power
meter provides rapid, precise measurement of HeNe lasers in the field, on
production lines or whenever a direct reading or go/no go meter is
needed.
'Referenced

n Laser Compliance Measurements

Handbook. March. 1978
• Calibration accuracy

5% traceable to NBS

• Four ranges: 9.99pW. 99.9pW, 999pW, 9.99mW
• 1% reading accuracy

UNITED DETECTOR TECHNOLOGY INC.
2644 30th Street, Santa Monica, California 90405 (213) 450 8585 Telex: 65-2413
EUROPEAN GENER4L OFFICE

UDT — UK 15 South St., Farnham, Surrey, England GU9 7QU .Tel. 0252 72 4907
CANADA: Tel. 519-743-8571 DENMARK: Tel. (01) 744466 FRANCE: Tel. 657-12-87
GERMANY: Tel (089) 22.58.04 ITALY: Tel (02) 73.80.645 ISRAEL: Tel (021 45 92 81
JAPAN Tel (03) 662-8151 NETHERLANDS: Tel 8380-17623.19529 NORWAY: Tel (472) 28.28.30
SWEDEN: Tel 0764/315 80 SWITZERLAND' Tel 01-36 07 11
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From Electronics Magazine Book Series.

Zero-risk trial offer.

New Product Trends
in Electronics,

Number One
From New Products." stateof-the-art materials and
equipment arranged according to functton. S14.95
Title

Name

164

Discountt of 40°, on orders cf 10 or more copies.
1 must be fully satisfied or you will refund
full payment if the book is returned after tenday trial examination.
C Bill firm

ill Bill me

Charge to my credit card:
American Express L Diners Club
E.: Visa
E Master Charge

Street

Signature

Send me __ copies 01 New Prcduct
Trends in Electronics, Number One" at S1 4 .95
per copy

Payment enclosed

Company

City

Electronics Book Series
P.0 Box 669. Hightstown, N.J. 08520

State

Zip

Acct No
On Master Charge only,
first numbers above name

Date exp

New products
per second and an applicationdependent throughput rate of 50 to
60 messages per second.
Raynet It is also an RDS-500
based system with all the features of
the Raynet I, but also offers achoice
of line disciplines and allows communications with up to eight different hosts from a single terminal,
using automatic protocol conversion
for "host transparency" in mixedprotocol environments. Raynet Ill,
RDS-500 based as well, differs from
the II system in that it will support
multiple protocols. This will allow
the user to integrate systems with
multiple communications line disciplines. Raynet currently supports
Binary Synchronous, Synchronous
Data Link Control, Univac U-100,
and Pars airline industry protocols.
The next upgrade step in the family is Raynet IV, which has up to one
billion bytes of local disk storage for
store-and-forward message switching. Raynet V, as the largest configuration in the group, functions as a
network processor, with the capabilities of Raynet Ill and IV, plus data
switching between nodes for distantly distributed mainframes and virtual terminals. Up to five Raynet Vs
can be strung together within a
single network.
Immediate applications for Raynet Iinclude airline reservation/ticker services or for users with IBM
3270s. These applications would
hold for the Raynet II systems,
which also include users with
remote-job-entry functions. Raynet
III users would have multihost
access requirements, while Raynet
IV users would also have teletype
networks. Raynet V would be used
for large corporations in need of
switching networks. All Raynet systems can be expanded with additional peripherals. Raytheon Data Systems' communications operating system is standard for all configurations.
A single Raynet I with CRT
display/keyboard and software will
sell for about $60,000. Deliveries
will begin in March.
[Raytheon

Data Systems Co.,

ton-Providence Turnpike,

1415 Bos-

Norwood,

Mass.

02062. Phone (617) 762-6000 [362]
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The inside story of Cambion
cage jack superiority.

T

he inside story is asimple one.
Three beryllium copper spring surfaces in Cambion's unique "cage" insure superior contact redundancy. The
cage is captivated to insure proper insertion/
extraction forces and long life (up to 50,000
cycles of use).
Use cage jacks to mount components and
for function switching. They facilitate plugability of fuses, crystals, relays, A/D converters,
oscillators, trimmers, what-have-you. No soldering, unsoldering. When you want to change
components, snap' em out of cages, and snap
in replacements. Quick. Saves costly service,
downtime. As switches, when mated with
Cambion jumpers, they have extraordinary
life, are easy to handle, and position is always
evident.
The simple story has avery happy ending.
Cambion cage jacks and mating jumpers and
plugs come in awide range of sizes from .014
to .080" for almost any component lead size.
They are priced right. You can get fast delivery.
Order Cambion cage jacks from 54 Cambion
distributor locations across the country, or
directly.
That's the story. You can have aFREE technical brochure for all the details, with engineering
specs you'll appreciate. Send for it. Cambridge
Thermionic Corporation, 445 Concord Avenue,
Cambridge, MA 02138.

CANumon®
The Right Connection.
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Best by test
after test.
You're doubly sure
of quality with twice tested
Bus§fuses.
This small dimension
glass tube fuse may look
good to you. And to us.
But looks aren't enough
at Bussmann.
That's why Bussmann
quality control involves
more than aquick visual
inspection. Or testing a
random sample from our
production line.
Instead, Bussmann
tests every one of these
fuses twice. Once for
resistance, to measure
electrical performance.
Then again for dimensions,

to make sure the length
and diameter are right.
Few manufacturers
test each and every small
dimension glass tube fuse
they make. Even fewer test
each fuse both physically
and electronically.
Our tougher testing
assures that the Buss
fuses you buy will perform exactly the way you
want them to. When you
want them to.
It also explains why
Buss fuse quality is in a
class by itself.

MCGRAW -EDISON
Bussmann.
The Protection
Experts.

Bussmann Manufacturing Division
McGraw-Edison Company
P0 Box 14460
St Louis. Missouri 63178
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Variety show.
onr.

Conrac's variety show won't

win an Emmy.
But OEM's think it's great just

the same.
Where else could
they find such a variety
of reliable color and
monochrome CRT
monitors to meet their
system needs?
Screen sizes range from a
compact 9" to a dramatic 25' .
Resolution capabilities go
up to 4,500,000 individual
picture elements. Rack, cabinet, or even ceiling

experience and depth of technology.
And since Conrac
monitors are made in
the U.S., we're always
here to supply first-hand
technical assistance
and parts.
Call or write for more
information today. We'll also
send you a iv guide - for
OEM's — the Conrac
CRT Monitor Guide.

Conrac Division. Conrac Corporation.
600 North Rimsdale Ave., Covina, CA 91722.
Tel. (213) 966-3511 Telex: 67-0437.

mount options are offered.
Motels are available for every signal input:
NTSC, PAL, SECAM and separate signals for RGB.
Also composite, non-composite or external
syncing pulses.
Whether your requirement is for simple alphanumerics or complex graphics and computer generated imagery, you can depend on Conrac's

CONRAC
Were more than meets the eye.

Incredible,
but true!

New products
from 200 mV to 1,500 V full scale;
five ac voltage ranges spanning
200 mv to 1,000 V full scale; five ac
and dc current ranges, 200 µA to 2A
full scale (a separate input extends
the range to 10 A); and six resistance
ranges with full-scale values from
200 SI to 2m12.
One of a3V2-digit series,
The low-power resistance ranges
it, too, measures to 10 A,
permit users to make in-circuit
resistance measurements without
checks continuity
turning on semiconductors, which
would affect those measurements.
Beckman Instruments has entered To verify the operation of asemiconthe 31
/
2-digit, hand-held multimeter
ductor junction, the units provide a
market with aseries of three meters 5-mA test-current range. In all
that offer several features never resistance ranges, the instruments
before found in instruments of their provide aquick continuity check by
type. Further, the top-of-the-line flashing the Greek letter omega in
unit, the RMS 3030, earns its letters the upper left portion of the display.
by being the only true rms meter of
Both the model 3010 and the 3020
this type available today.
provide ac voltage measurements of
The $130 model 3010, the $170 signals with frequencies of up to
model 3020, and the $190 RMS
10 kHz, and they have input imped3030 all can measure ac and dc ances of 22 m1.
2. The 3010 is accucurrent up to 10 A. All three feature rate to within 0.25% of reading + 1
a continuity test indicator and a digit on all dc voltage ranges and the
semiconductor test function. Pow3020 is accurate to within 0.1% + 1
ered by a 9-v battery of the type digit.
used in portable radios, each unit
The RMS 3030, which has the
can operate for up to 2,000 hr.
same de voltage accuracy as the
Should it fail to operate properly,
3020, makes true-rms measurements
even because of mistreatment, it can of both ac voltage and current for
be returned to the factory for free accurate measurement of nonsinurepair or replacement under a onesoidal waveforms. All ac voltage
year "no-fault" warranty.
ranges have guaranteed accuracy
All models measure across the
specified out to 20 kHz for signals
same ranges: five de voltage ranges,
with crest factors (peak value

Instruments

10 Watts
1to 1000 MHz

..

ULTRA-WIDEBAND
AMPLIFIER
Amplifier Research again leads
the way with its new Model
10W1000, an ultra-wideband
amplifier that delivers 10 watts
of linear power from 1to 1000
MHz—more power and bandwidth than any other amplifier
of its kind. In fact, as the "next
generation" in ultra-wideband
amplifiers, Model 10W1000 offers you 21
/ times the power of
2
its predecessor, the Model
4W1000.
Versatile and unconditionally
stable, this high-performance
amplifier can be used with frequency synthesizers or swept
signal sources to provide highlevel outputs for RFI susceptibility testing, NMR spectroscopy, antenna and component testing, general lab applications, and other uses.

Hand-held meter
reads true rms

For complete information on
our 10W1000 and other W
Series amplifiers, write or call:
Amplifier Research
160 School House Road
Souderton, PA 18964
Phone: 215-723-8181
TWX 510-661-6094

urnPurien
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168

Circle 168 on reader service card

Electronics/March 15, 1979

Our new 64k ROM packs
an on-time guarantee:
We'll deliver 64K, 32K or
16K ROMs in 8weeks—
or you'll get 100 parts free.
Everybody promises on-time delivery. Only
Signetics guarantees it. In writing.
That means you'll get the first 100 pieces of our
new 64K high-density MOS ROMs within eight
weeks. After your written code verification, of
course. If we slip delivery, you'll get 100 additional devices free. No questions asked.
Same offer goes for our industry standard 16K
and 32K static ROMs.
We'll deliver those as promised. Or we'll add
100 free to your order for 1000 parts or more.
Signetics has a strong commitment to
high-density ROMs. And we've
packed that into our new
64K part. Higher
circuit den11111141/11,/,111.a '1/11111),
sity

l/f111111141.1121.11
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means fewer parts to meet storage requirements.
That translates to cost savings in assembly
time and board space.
Our 64K ROM is also asnap to interface. And
it's available in 16K X 4as well as 8K X 8. Since
it's static, no clocking is needed. Couple that with
ROM codes that work the first time out, and
you'll cut the time lag from design to working
hardware.
Compare the features of our 64K with other
ROMs on the market. You'll see why it should be
your first choice for design-ins.
And then try to find another supplier who'll
guarantee delivery. You won't.
While we're meeting your ROM delivery
schedule, Signetics will even program your mask
codes free. That goes for every 16K, 32K, and 64K
ROM on orders of 1000 up.
Whatever your design objectives are, Signetics
will help you meet them. On time.
To get your on-time ROM guarantee certificate and technical literature, call us today on
Signetics special ROMLINE: (408) 746-1756.
Or if another supplier has tied up your
phone making delivery promises
he won't keep, send us the coupon
below.

signuties
asubsidiary of U.S. Philips Corporation
Signetics Corporation
PO. Box 9052
811 East Argues Avenue
Sunnyvale, California 94086
Telephone 408/739-7700

Memories On Schedule

£379

To: Signetics Information Services, 811 East Argues Ave
PO. Box 9052, Sunnyvale, CA 94086
O Please send me complete details on miniMOS-em
static ROMs and guarantee certificate.
Name

Title

Company

Division

ms

Address
City

State

Zip

17 I'm tired of promises other suppliers won't back up. Please
have an MOS Memory specialist phone me today at:

Thordarson
Transformers
&Yokes
for
Superior
CRT
Displays

For the best performance from your CRT display terminals —
specify Thordarson.
Thordarson is the leader in the design and development of
CRT high voltage transformers and deflection yokes. Products
that are unsurpassed in construction, safety and reliability. All
designed to meet your physical and electrical requirements.
Whether your needs are large or small, we want to discuss
your CRT applications with you. Our R&D facility is devoted to
prototype custom products. Samples can be proouced fast. Let us
help make your display terminals function better and last longer.
Send us your specifications today.
THORDARSON MEISSNER, INC.
Electromc Center
Mt. Carmel. IIMoss 62863
(618)262-512 1
in Canada—GTE Sylvanta Canada Cnrporanon
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New products
divided by rms value) of up to 3:1 at
full scale.
The three instruments' inputs are
protected against overload conditions that result from the measurement of unknown signals or from
operator error. Voltage ranges are
protected from inputs in excess of
1,500 vdc or 1,000 v rms ac. Resistance ranges are protected to 300
dc or rms ac. The current inputs are
protected with a' 2-A fuse. (A
replacement fuse is included inside
each instrument case.) The 10-A
range is rated for 20 A for 30 s.
The multimeters' liquid-crystal
display and complementary-metaloxide-semiconductor custom-designed integrated circuitry minimize
battery drain. A single 9-v battery
provides up to 2,000 hours of continuous instrument usage. During the
final 200 hours of battery life, a
decimal point blinks on the display
to warn the user to change the
battery.
Calibration of the instruments
requires only one adjustment on the
3010 and 3020—four on the RMS
3030—and is guaranteed for a full
year. Each instrument is shipped
with a battery, a spare fuse, test
leads, and an operator's manual.
Accessories for the multimeters
include two carrying cases, a radiofrequency probe for voltage measurements up to frequencies of 200
MHz, a current clamp for measurements up to 200 A, and a deluxe
test-lead kit with test leads and 10
screw-in probe tips.
Advanced Electro-Products Division, Beckman Instruments Inc., 2500 Harbor Blvd.,
Fullerton, Calif. 92634 [401]

Variable filter offers choice
ALCO's TT Series are
the industry's broadest and most
unique selection of sub-miniature toggle s
ch products,
encompassing mating slides and pushbuttons. Design stress is
toward switch products fitting a 0.1" PC grid standard. The
TT Series were developed with printed circuitry in mind
having

gold plated contacts and terminals as standard, pro-

prietary preformed terminals and a constant height level to
fit between PC boards placed on 1/2" centers. Sub-miniature
switches

decreased

in

size

without

compromise

in quality.

FILCCISIVITCH®

ALCO ELECTRONIC PRODUCTS, INC. asubsidiary of Augat®
1551 Osgood St., No. Andover, MA. 01845 USA
Tel :(817)885-4371 TWX: 710 342-0552
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of four attenuation slopes
An extremely versatile filter, the
model 3750 not only offers low-pass,
high-pass, band-pass, and bandreject modes, it also offers a choice
of four attenuation slopes: 6, 12, 18,
and 24 dB per octave. The filter,
which is tunable over the range from
0.02 Hz to 20 kHz, has a Butterworth response and aswitch-selecta -
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Meet Super Grip Il, the great new test clip
from A PProducts.
(7\8 8888

New "duck bill" contacts are flat,
won't roll off IC leads.

8

Open-nose construction enables
probe at IC leg.
Pin rows are offset for easy attachment of probes.
Contacts are gold-plated phosphor
bronze. "Contact comb" construction separates contacts with
precision. No shorts.

New narrow-nose design makes
it easy to attach on high-density
boards. And now you can test ICs
with only .040" between
opposing legs

The new A PSuper Grip ll is, without
question, the best way there is to troubleshoot DIP ICs.
You get positive contacts. No intermittents. No shorts. Ever.

Heavy-duty, industrial-grade springs
for firm contact pressure—and a
good grip when pulling ICs. They'll
keep their spring indefinitely. No
intermittents.
Steel pivot pin. Engineering-grade
thermoplastic body molded around
contact pins. Made to last!

So it's endlessly useful to you—and it's
built to stay useful indefinitely.
Try one. Your local A Pdistributor has
AP PRODUCTS
IN

New button-head pins keep probes
from sliding off (Straight pin models
for logical connections.)

8, 14, 16, 16 LSI,18, 20, 22, 24, 28, 36 and 40pin models. (Be sure it's the AP distributor.)
Need the number? Phone (toll-free)
800-321.9668. And ask for our complete
A Pcatalog, The Faster and Easier Book.

Box 110 L•72 Corwin Drive
Painesville, Ohio 44077
Tel. 216/354-2101
TVVX 810-425-2250

Faster and Easier is what we're all about.
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DPM'S that light up
your life.., and for less.
¡rim'
1 :3

155 MARINE ST
FARMINGDALE, N Y. 11735

ble gain of 0or 20 dB. In addition to
the Butterworth response, the 3750
provides a low-Q transfer function
with a more nearly linear phase
characteristic for pulse-type signals.
The filter is particularly well
suited for applications in medicine,
seismology, and vibration and geophysical studies. It sells for $1,100 in
its standard line-operated form and
$1,300 in a battery-operated version
for use in situations requiring complete isolation from the ac line.
Delivery is from stock.

TWX
Tel 516-694-3607
510-224-6406

Industrial Park, Avon, Mass. 02322. Phone

Model

Now, an AC Line Powered DPM with:
•Bright, 0.6 in. high efficiency LED's •Differential inputs
•NEMA case interchangeability •LSI reliability
•Low cost BCD output option

Bright Meters For Less!

INDUSTRIES
DIVISION OF GENERAL MICROWAVE CORPORATION

a;

k
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u
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d4) e/
r
New products

Krohn-Hite

Corp.,

Bodwell

Street,

Avon

Ernie Lutfy at (617) 580-1660 [403)
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Module lets HP1611A analyze

POWER

SUPPLIES
STANDARD & CUSTOM

•FERRORESONANT •
•SWITCHER -REGULATED •
•SERIES- REGULATED •

almost any microprocessor
Hewlett-Packard's model 1611A
logic-state analyzer for microprocessor-based systems is aplug-in system
that requires different personality
modules for different microprocessors. The company's latest such
module, the 10264A, differs from its
predecessors in that it is flexible
enough to monitor activity on
virtually any microprocessor, albeit
with certain limitations. For example, the general-purpose module can
display code lists in octal or hexadecimal, but not in mnemonic code,
because the mnemonic code is different for each microprocessor. When
the 10264A is plugged into the

olgli
1;;;;1717.1
i-alab"›

Send For Catalog 578
All Products
Completely Mf rd. In The U.S.A.
A Division Of Technology Development

172

Corp.

•POWER SYSTEMS

NJE

Circle 256 on reader service card

P.O. BOX 50 CD
DAYTON, NJ -08810
'Ob 329-46;1 •TWX 710480-56/1
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The first true Op Amp with performance compatible
with high-speed Data Acquisition and Display systems.
Harris sets anew benchmark for highspeed amplifiers.
The Harris HA-5190 wideband,
fast-settling Op Amps provide the
high-speed performance of costly
hybrids—with the economy of monolithic bipolar construction.
Result: The industry's highest performing true Op Amps for as little as
88.60 (100-up).
You get the advantages of Harris'
unique Dielectric Isolation technology-6.5 MHz full power bandwidth, ±200 V/iis slew rate and
settling time of 70 ns (0.1%, 5 V
output step). Plus excellent input
characteristics of 5mV offset voltage
and 15 nV/N./-1z input voltage noise
at 1kHz, and the facility of inverting
and non-inverting mode operation.

HARRIS HOT LINE!
1-800-528-6050, Ext. 455
g..111.11 l.

K. Al.L.L_ for ph.... number of \OW nearin
aughtorgaell ghstrgloallor
expwlgtg..1 loterat Let. sen

Now you have an economical, true Op
Amp to match the performance of highspeed DACs. The natural choice for
data acquisition, pulse and wideband
video amplifiers, avionic and military
equipment, and a variety of graphic
displays.
For fast facts, check the specs below .. .
then call the Harris Hot Line. Or write:
Harris Semiconductor Products
Division, Box 883, Melbourne,
Florida 32901.

TYPICAL APPLICATION
(Cutout Amplater for DAC)

GAIN

BIPOLAR OFFSET

PERFORMANCE PARAMETERS
INPLT OFFSET VOLTAGE
BIAS CURRENT
FULL POWER BANDWIDTH
RISE TIME
SLEW RATE

5 mV
5
65
II
±200

0A
MHz
ns
V/At

SETTLING TIME
5V WO 1%
5V 10001%
POWER DISSIPATION

70
130
EDO

no

-15V

no

envy

Harris Technology
...Your Competitive Edge

HARRIS
SEMICONDUCTOR
PRODUCTS DIVISION
A DIVISION OF HARRIS CORPORATION
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Ailtech.

The

BROAD line in
BROAD band

Linear High Power Amplifiers.
Itech — we've got afull line of Broadband amplifiers with
all the features you're looking for .
•All Solid State — 10 KHz to 1Ghz.
•Built-in Wattmeter — reads true forward and reflected
power.
•ALC Signal — typically allows for leveling the amplifier
output to within 0.1 dB
•Constant Forward Power — the forward power is
held constant into any load
•Positive Protection — no damage when operated into
any load
We have power ranges from 50 watts minimum (70 watts
available) with a10 KHz -10 MHz frequency rate — our
Model 5001 — up to our Model 5020 with 50 watts, with up
to 75 watts available and afrequency range of 1MHz to
200 MHz
In addition to our amplifiers, we have modules tailored to
individual requirements They're packaged in RFI proof
enclosures, and operate from astandard DC power supply.

New products
1611A, therefore, the latter's mnemonic key is disabled.
With adisplay up to 36 bits wide,
the user can watch activity on
several buses simultaneously, for
both 8- and 16-bit microprocessors.
Seven clocks allow multiplexed data
on common bus structures to be
latched into the 1611A as necessary
for proper display. Each half of a
multiplexed 16-bit address bus and a
16-bit data bus can be clocked into
the 1611A separately, allowing an
additional 4-bit bus to be interrogated by adifferent clock at adifferent time.
A model 1611A analyzer with the
general-purpose module installed
sells for $6,000; the model 10264A
plug-in is priced at $2,000. Deliveries are beginning this month.
Hewlett-Packard

Co.,

1507

Page

Mill

Rd.,

Palo Alto, Calif. 94304 [404]

We ve got the complete line, and we'd like to send you our
complete story so write today.

20-MHz portable scope
is priced at $950
The model LBO-308 dual-trace oscilloscope is a portable instrument
with abandwidth of 20 MHz, asensitivity of 2 mv per division, and a
price tag of $950. Designed for field
and laboratory applications, the
scope may be powered by the ac line,
by a dc power supply, or by an
optional rechargeable battery pack.
Its 3-inch screen is divided into an
8-by-10-division grid. Two probes
with switches for direct or 10X
operation are included with the
scope. A carrying case is optional.
Leader

Instrument Corp.,

Plainview,

N. Y.

11803.

151

Phone

Dupont
George

St.,
W.

Zachmann at (516) 822-9300 [406]

Substitution box provides
resistance and capacitance

DIVISION CUTLER-HAMMER
WEST COAST • CITY OF INDUSTRY, CA. 91748 • (213) 965-4911
EAST COAST • RONKONKOMA, NEW YORK 11779 • (516) 588-3800
FRANCE • LA GARENNE-COLOMBES • TELEPHONE 7807373
UNITED KINGDOM • CRO'NTHORNE • TELEPHONE 5777

The model RCS-500 digital resistance-capacitance substitution box
uses one set of side-by-side thumbwheel switches for setting the desired
resistance value and another, similar
set of switches for selecting the
desired capacitance. This permits

GERMANY • MUNICH • TE_EPHONE (089) 5233023
NEDERLANDS • ROTTERDAM • TELEPHONE (010) 81 4466

MEMBER OF CUTLER-HAMMER INSTRUMENTS & SYSTEMS GROUP
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THE SUCCESS OF OUR MODEL NINETY-SIX
GOES TO OUR HEADS.
Quite frarx.y, atape system's performance depends
on the qually of its heads. And that's why Honeywell
developed the advanced technology needed to
produce the heads for the Model Ninety Six.
They are made of solid ferrite, amaterial so long'
wearing that we warrant the heads for 3000 hours
of operation. These heads also have such uniform gap
azimuth, and such minimal gap scatter, that they can
be counted on to produce stable, solid data whatever
your record or reproduce application.
But the Model Ninety-Six offers more than the
long-lasting ferrite heads. Its adjustment-free tape path
features ahighly efficient combination of vacuumcolumn isolation, dynamic inertial damping and

I

IIlt
111111111

lilt '

high-performance capstan servo that keeps skew,
flutter, and TBE to absolute minimums.
So if you need asystem that offers consistent,
gentle tape handling; up to 28 data channels; and a
variety of tape widths and recording formats, call
Ed Haines at (303) 771-4700. He will be happy to give
you ano-nonsense explanation of the features and
options of the Model Ninety-Six.
Or write for technical data sheets on the Model
Ninety-Six and afree illustrated brochure that
describes all of Honeywell's magnetic tape systems
oscillographic recorders and signal conditioning
modules. Honeywell Test Instruments Division,
Box 5227, Denver, CO 80217.

WE'LL SHOW YOU ABETTER WAY.

Honeywell
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You know Hamlin
reed switches
Now get to know
Hamlin reed
relays.

New products
the user to choose any resistance
from 1to 9,999,999 nin 142 increments and a capacitance value
between 100 pF and 99.9999 µF in
100-pF increments.
The selected resistance and capacitance may be used independently, in
series, or in parallel. All of the resistors are 1% devices with a power
rating of 0.5 w. The capacitors are
100-v units with tolerances of 4%.
The 14.5-oz box measures 4.72 by
3.16 by 2.17 inches and sells for
$185.95. Delivery is from stock.

e tssse

...e>

Hamlin has long been Number One
in reed switches. Now make Hamlin
your Number One choice for PCB and
dual in-line packaged reed relays.

IET Labs Inc., 761 Old Country Rd., West-

Hamlin reed relays are hermetically sealed in epoxy with a
choice of Form A, B or C
contacts; diode or electrostatic
shielding optional. These are
available as dry reed or mercurywetted, no-bounce operation.
One mercury model permits
operation in any position —
aHamlin first!
All Hamlin reed relays can be
driven directly with TTL and.
CMOS,logic and provide total
isolation between input and
output circuits. The epoxy
encapsulation provides high
vibration and shock immunity
and gives total protection to the
coil and contacts in hazardous
environments.
For More information,
write or call:
Hamlin, Inc.,
Lake & Grove Streets,
Lake Mills, WI 53551
Phone: 414/648-2361
TWX 910/260-3740

bury, N. Y. 11590. Phone S. Sheena at (516)
334-5959 [405]

Portable gauss/fluxmeter
takes wide range of probes

4

INCORPORATED
1448
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A portable 31
2 -digit gaussmeter and
/
fluxmeter, the model 906 measures
flux density in two ranges, 1and 10
kilogauss full scale, using any of nine
different Hall-effect probes. It also
has two magnetic-flux ranges, 10 5
and 10 7 Maxwell turns, over which
inputs from four standard search
coils or custom probes are integrated
and displayed.
The instrument has an internal
reference magnet of 600 G ± 2%.
When used as agaussmeter, its readings are accurate to within ±(0.4%
of full scale + error of reference
magnet) ± 1 digit for static fields
and to within ±3% for dynamic
fields to 10 kHz. Used as fluxmeters,
they are accurate to within ±(0.4%
of full scale + 0.5% of reading) ± 1
digit.
The 906 provides a maximum
analog control output of 0.5 ydc and
costs $665 without probe.
RFL Industries Inc., Instrumentation Division,
Boonton, N. J. 07005[407]

Completely new listings of
catalogs, new phone numbers,
new addresses, new manufacturers, sales reps, and
distributors! The total market in
abook—four directories in one!

[—Electronics

Buyers Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes, please send me

copy(ies) of 1978 EBG.
I've enclosed $25 per copy delivered in the USA or
canada.
I've enclosed $35 per copy for delivery elsewhere ($47
if shipped by Air). Full money-back guarantee if returned

D

in 10 days.
Name

To insure prompt delivery
enclose your check with the
coupon now.
1/E

Company
Street
Cty

State

Zip
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MILLIONS OF LAMPS.
Litronix is turning
out LED lamps
by the millions in
four different
colors. Six different sizes. Nine
different arrays.
And we're continuing to develop
innovative products like our flashing
Part
Number
(Series)

Color

Package Size & Description

lamps and lamps that maintain
a constant brightness over a 4.5 to 16
volt range.
Our super brights include apowerful
green lamp which puts out adazzling
20 millicandellas.
And our broad product line comes in
all popular sizes, from general
purpose 11 3
/4 down to lamps of one

Minimum Light Output
MCD
mA

Part
Number
(Series)

Color

millimeter. See the sampling below.
Whether you need 100 lamps or
100,000, we're the high volume producer
who can get you product fast. Our huge
distributor network is everywhere.
Write for samples on your letterhead.
And light up with Litronix,
19000 Homestead Road, Cupertino,
CA 95014. (415) 257-7910.

Package Size 84 Description

Minimum Light Output
MCD
mA

LD52

T1Y4

High Brightness

10

LD56

Yellow Ti/4

High Brightness

1.6 to 10

10

FRL4403

TI3.'s

Flashing

.5

20

YL4550

Yellow

Ti 3
x,

General Purpose

1.0

10

RL4403

TIN

Wide Angle

.8

20

LD36

Yellow T1

High Brightness

1.6 to 2.0

10

RL5054

T1Y4

Narrow Angle

.5 to 1.0

10

YL212

Yellow TI

General Purpose

1.0

10

RLC200

Tl Y4

Constant Current

0.4 to 0.8

10 to 20

YL56

Yellow Sub Min

Radial Lead

2.0 (typical)

20

1.2 to 2.0

10

LD57

TI3¡

High Brightness

2.5 to 20

10 and 20

.3 to 2.0

20

GL4950

TIY4

General Purpose

1.0

20

.3 to 2.0

20

LD37

TI

High Brightness

2.0 to 4.0

20

10

GL211

T1

General Purpose

20

GL56

Sub Min

Radial Lead

LD32

T1

High Brightness

RL209

TI

75 mil lead spacing

RL4480

TI

100 mil lead spacing

RLC210

TI

Constant Current

RL50

Sub Min

Radial Lead

1.2 to 15

0.1
.3 to 2.0

.8
1.0 (typical)

20
20

litronix
AN AFFILIATE OF SIEMENS

THE LIGHTS FANTASTIC
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16 bits and then some...
and Datawest packs it all together
DATAWEST will cut your data acquisition system and digital signal
processing system cost by applying time proven techniques to your
application. Putting together a successful analog-to-digital data
acquisition system requires more than just a good A/D converter.
Expertise is needed in signal conditioning, front end multiplexing
and digital techniques. DATAWEST has been designing and manufacturing systems for sophisticated applications for over a decade.
DATAWEST-designed systems, installed all over the world, are being
used in a wide variety of applications including geophysical studies,
vibration analysis, nuclear system monitoring and bio-medical
research. DATAWEST supplies complete analog-to-digital data
acquisition systems from input amplifier to computer interface,
including the DATAWEST line of array processors. Field proven
standard modules (plus custom interface circuits if needed) can
be assembled to provide reliable, cost-effective systems to meet
specific needs.

The 390 system offers high resolution and high speed
utilizing the DATAWEST 16-bit, 150 kHz A/D converter.
Other DATAWEST products:
• Array Processors
• Channel Simulators for IBM 360/370
• Digital Audio Delay Systems
• 12, 15 and 16 bit A/D Converters
• 12, 15 and 16 bit D/A Converters
• Complete Scientific Signal Processing Systems

DATAWEST
CORPORATION

Circle
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For information
regarding DATAWEST products,
contact David Long, Director of Technical Marketing
7333 East Helm Drive • Scottsdale, Arizona • (602) 948-3280
TWX 910-950-1289 DATAWEST SCOT

Manufacturers of computers and computer
peripherals throughout the world use C&K
à switches. Producers and designers of test
instrumentation, panel boards, word processing,
and telecommunication equipment are
switching our way too.
•And here's why. Our line of mini, submini, and
microminiature switches is literally hundreds of
thousands of models long. Quality is incredibly
high because we specialize exclusively in
switches and have developed our own specialized
engineering techniques. C&K switches are
readily available, at highly competitive prices and
with no minimum order requirements.

_4(

If you're not with us yet, start switching.
Send for our complete new catalog and see for
yourself. We give you more to switch about
than anyone in the world.

Celt

The Primary Source Worldwide

C&K Components, Inc.
15 Riverdale Avenue, Newton, MA 02158
Tel: (617) 964-6400, TELEX: 92-2546. TWX: 710-335-1163
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New products
Components

V-I converters
are accurate
Modules convert voltages
between 0and + 10 V into
currents from 4to 20 mA

FEATURES
• Space Qualified • High Passband Transmission •Bandwidth,
Typically 18 nm •Superior Sideband Rejection •Minimal Angular
Effects • O.E.M. Quantities are
available.

SPECIFICATIONS
Transmittance at 1.064 pm is
equal to greater than 75% at 0° incident angle and 25°C temperature. Bandwidth has amaximum
value of 19nm. Short wavelength
sideband blocking provides less
than 1% transmittance from 0.3
pm to the lower limit of the
minimum passband wavelength
value of 1.035 pm. Long wavelength blocking is not controlled.
At all incident angles of 12° or
less, the transmittance at 1.064
pm isequal to orgreaterthan 55%.
No degradation or damage occurs
from exposure to temperatures of
-62 °C to +85 °C. Standard size is
diameter 25mm with thickness of
2mm. IRI part number 22013-1.

Voltage-to-current converter modules that can maintain tight accuracy specifications over a broad temperature range are hardly common.
They're a little easier to come by
now, however, with the introduction
of two new ones by Analog Devices
Inc. The converters—the nonisolated
model 2620 and the isolated model
2B22 —are expected to find wide
application in avariety of industrial
areas.
"The 2B20 is completely selfcontained," notes Janusz S. Kobel,
marketing manager for signal conditioner components. "No external
components are needed for this nonisolated model." Voltage inputs for
the 2B20 may range from 0 to
+ 10 v and will produce outputs
between 4and 20 mA. Nonlinearity,
as a percentage of the full 16-mA
span, is amaximum of ±0.025% for
the A model and ±0.005% for the B.
Settling time to within 0.1% of full
scale, for a 10-v step, is 25 eis for
both and input impedance is 10 kO.
Both converters operate from
—25° to +85°C. At 25°C the maximum offset error (total output error

NI ANALOG
IL/DEVICES

2820A
MADE IN

INFRARED INDUSTRIES, INC.
EASTERN DIVISION
62 Fourth Ave., Waltham, Ma. 02154
(617) 890-5400 •TLX 923470
180
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with 0yat the input) is 0.4% of span
for the A model and 0.1% for the B.
Over the temperature range, the
offset error temperature coefficient
is
0.01%/ °C (2B20A)
and
0.005%/ °C (2B20B).
The 2B20 comes in amodule with
dimensions of 1.1 by 1.1 by 0.4 in. It
requires anominal supply voltage of
+15 v, but the actual value may
range from + 10 to +32 v. The
2B20A sells for $26 each in lots of
100 or more, whereas the 2B2OB is
priced at $33.
Isolated. The isolated 2B22 uses a
single resistor to program its 10-kil
input's voltage range. This may vary
from 0 to + 1v up to 0 to + 10 v,
while the output current range
remains fixed at 4 to 20 mA. The
2B22 has an input-to-output common-mode voltage rating of 2,500
rms (at 60 Hz for 1 minute) and
±2,500 y peak (continuous ac or
dc). The input-to-output commonmode rejection ratio is 90 dB at 60
Hz with a1-k9 source imbalance.
Nonlinearity, as a percentage of
span, is ±0.2% for the model 2B22J,
±0.1% for the 2B22K, and 0.05%
for the L. Settling time to within
0.1% of full scale for a 10-v step is
300 ms for all three devices. Nominal
supply voltage is + 15 v, although
the units will work off voltages
between + 14 and + 32 v.
The 2B22 will meet its specifications from 0° to 70°C, but it can be
used with reduced accuracy from
—25° to +75°C. The maximum
offset error at 25°C is ±0.25% of
span for the J and K versions and
0.1% of span for the L. The offset
temperature coefficients for the
three versions are: ±0.01%, 0.005%,
and 0.0025% per °C for the J, K, and
L, respectively.
The isolated units are housed in
modules that measure 2.2 by 3 by
0.6 in. In hundreds, the prices are
$59 (J), $74 (K), and $92 (L).
Applications for both models include industrial instrumentation and
process control, principally digitalto-analog conversion and data monitoring and logging. "The live zero
(non-zero output for zero input) is
especially useful to the processcontrol industry," says Kobel. The
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Now you can get
your favorite
programs in color.
Heeeeeeeerrrresssss Xerox!
With the new 6500 Color
Graphics Printer. The first printer that
can put full-color reproductions of
computer generated graphics in your
hands in seconds.
So now, for the first time, you
can quickly get apermanent record in
full color.
A permanent record to hand
out after presentations, or as part of a
report on an ongoing project.
Process industries, for example,
can use the 6500 CGP for prints of
process variables such as temperature,
pressure, flow, valve settings and to
record alarm conditions for analysis.
It can help railroads keep track of
their train routes. Graphics data processing centers can now print graphic
data in color.
And when the 6500 CGP isn't
working off acomputer, it becomes a
great way to make full-color copies
from regular hard-copy originals. Or
even 35mm slides.
So ask about the 6500 Color
Graphics Printer.
It'll not only make your programs look better.
It'll do wonders for your ratings.

XEROX
Circle 181 o-1reader service card
XEROX* and 6500 CGP are trademark, of XEPOK CORPORATION.
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New products
isolated 2B22 can be used in
current-to-current isolators, "where
isolation from one loop to another is
needed," he adds.
Both products are available from
stock.
Analog Devices Inc., Route 1Industrial Park,
Norwood, Mass. 02062. Phone Janusz Kobel
at (617) 329-4700 [341]

400-V/800-mA triac is
controlled by less than 10 mA

ediq
AO STEREOSTAR
Microscope. It has
everything from
Ato Zoom.
ALL ESSENTIAL FEATURES FOR AN
OUTSTANDING INDUSTRIAL MICROSCOPE
Auxiliary Lenses: .5x, 2x

A small, sensitive-gate triac, designed to be compatible with integrated logic circuits, requires less
than 10 mis of input current to
control its 800-mA rms output. The
SC92 withstands 400 v, allowing it
to control small motors, solenoids,
lamps, and similar devices directly.
The triac is protected against
nonrepetitive voltage transients by a
breakover-triggered mechanism,
which guarantees that if the triac is
hit with a high-voltage transient, it
will turn on and protect itself.
Furthermore, its glass-passivated
pellet enhances its blocking life while
its gold eutectic mountdown provides
virtual immunity to thermal fatigue.
The SC92 is priced in the vicinity
of 30 cents. For detailed specifications, along with a free sample kit,
write to George Sawchuck at the
following address.
General

Electric

Co.,

West

Genesee

St.,

Auburn, N. Y. 13021 [342]

Body Rotation: 360 Eyepieces: 10x, 15x, 25x
Field Size Range (inches): .13-2.25
Magnification: Standard 7-30x: Range 3.5-150x
UL listed Illuminator
Working Distance: Standard, 4.0 inches: Range, 1.4-5.7 inches
Zoom Range: .7-3x; Zoom Control: Dual Side Mounted: Zoom
Ratio: 4.3-1
These are all features you want and need for efficient assembly or inspection of microcomponents. The AO STEREOSTAR ZOOM Microscope was
specifically designed for production-line applications. Its easy to use, with
plenty of working distance plus coupled zoom control conveniently located on both sides. And traditional AO quality optics give very high resolution for crisp, sharp images. Send for adetailed brochure. American Optical, Scientific Instrument Division, Buffalo, NY 14215.

American
Optical
182
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Keyboards withstand
high-pressure selling
A series of sealed keyboards designed for severe environments,
Thinswitches can withstand not only
the rigors of military aircraft and
industrial control applications but
even the punishment inflicted on
them in vending machines.
The high-reliability keypads come
in three-by-four and four-by-four
arrays as well as in custom configurations. They have been designed to
meet the requirements of MIL-E16400 and —5400, and can be

Electronics/March 15, 1979

he Model 935

the worlds most accurate hand-held 3,,d4it portable $149.

_,AUF.Fir.,,,,dui si

3.407

Model 3400

the world snu's,: accurate 4 digit I and •‘.

multirneter 5795.

When
you want
the world's
most accurate
multimeters...
you want
Data Precision
multimeters.

The Model 7500
the world's most accurate high speed 5' 2 digit systems mu I
tim ete r524 05. baise

For ademonstration or acopy of our
comprehensive Digital Instrumentation
catalog contact Data Precision Corporation,
Electronics Avenue, Danvers, MA 01923,
USA
Phone (617) 246-1600 Telex (0650) 921819

çfibATA PRECISION7I
TheModel 245

the world's most accurate 41
2 digit portabiL
/

_

...years ahead

For Additional

Information circle 183

For Demonstration circle 257

VISIT US AT ELECTRO, BOOTHS 1814-16-18

New products

add the
personal touch
to your
terminal or
CRT system

The true Touch Screen has finally
become a reality—no more light
pens or cumbersome input devices, just touch the screen with a
finger to access data.

Consisting of a glass screen and
a separate controller board," the
Touch Screen "Digitizer" can easily be incorporated in your terminal
or CRT system during the manufacturing process. It provides a new dimension in man/machine interaction, and it provides your system with greater operational simplicity and
flexibility.
As to special features—here are just a few!
•
II
•
al
•
•

Operator uses a finger to select data directly on the display
No operator training required
Fewer operator errors—the operator's eyes never leave the screen
Extremely high stability, resolution, and reliability
Screen matches the curvature of many CRT's
Eliminates the keyboard in many data retrieval applications

Touch base with us about improving the competitive edge of your terminal
and CRT system. And why not also inquire about our extensive line of
Display Monitors.
Shaded area indicates ncation of electronics (covers removed).

—

Optional

(TSD) TSD DISPLAY PRODUCTS, INC.
Sales/Service
35 Orville Drive •Bohemia, New York 11716/Tel. 516-589-6652 •Telex 14-4659
,..,.

Manufacturing
302 Legget Drive •Kanata, Ontario K2K 1Y5. Canada/Tel. 613-592-1774
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College dollars need
time to grow.

REID
purchased with or without plastic
bubbles that provide tactile feedback.' Each key has a rated life at
load of 10 6 operations.
The switches are constructed with
gold-plated beryllium copper contacts. A high-temperature transparent polyester laminate allows lights
at the edge of the panel to illuminate
the switch legends, which can be
produced to the purchaser's specifications by photographic means. The
units work without springs, buttons,
or other mechanical linkage and are
only 0.13 in. thick.
Within an array, each single-pole,
single-throw key provides momentary contact between a row and
a column element when pushed. At
25°C, it has a contact rating of 50
mA at 28 vdc and maximum contact
bounce duration is 5ms.
A standard four-by-four array
Thinswitch with tactile feedback
costs $95 in lots of 100. Delivery of
standard models takes four to six
weeks.
Industrial Electronic Engineers Inc., 7740
Lemona Ave., Van Nuys, Calif. 91405. [343]

Light-emitting diodes shine
brightly from pc boards

Take stock in America.

Available in red, green, or yellow,
the 5300 series of light-emitting
diodes have a high-intensity output.

WA higher paying U.S. Savings Bonds.

184
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POWER
NEC's new series of
silicon power transistors
lets you tailor apower chain
to suit your power output
requirements. Maybe it's a
hand-held transceiver or
land mobile radio. Whatever
the application, you can
count on up to 35 watts at
the antenna, through
900 MHz.
Gain and reliability are
extraordinary -the result
of proprietary fabrication
techniques.
Pricing is competitive and,
better yet, they're available.
Contact California Eastern
Labs, One Edwards Court,
Burlingame, CA 94010.
(415) 342-7744.

SERIES

NE0202

TYPICAL OPERATION

TYPICAL
APPLICATION

VccP
P).: Frequency
(V) (Watts) (Watts)
(MHz)

2watt device for a
hand-held transceiver
Cr mobile radio

7.2

0.20

2.0

175

13.5

0.10

2.5

175

NE0203

3watt driver for
mobile radio

13.5

0.063

3.5

175

NE0206

6 watt device for a
hand-held transceiver

7.2

0.71

6.3

175

NE0207

7 watt device for a

7.2

0.71

7.0

175

NE0210

8watt device for
mobile radio

13.5

0.40

8.3

175

NE0220

20 watt device for
mobile radio

13.5

2.6

20

175

NE0235

35 watt device for
mobile radio

13.5

8.0

37

175

NE0502

1watt device for a
nand-held transceiver

7.2

0.13

1.4

500

NE0503

watt driver for
NE0510

12.6

0.32

3.1

500

NE0504

4watt device for a
hand-held transceiver

7.2

0.89

4.0

500

NE0510

9 watt device for

12.6

2.6

9.0

500

NE0520

:8 watt device for
mobile radio

12.6

6.4

18

500

NE0801

1watt driver for
NE0804

13.5

0.10

1.2

860

NE0804

4 watt driver for
NE0810

13.5

0.90

5.0

860

NE0810

10 watt device for
mobile radio

13.5

4.0

11

860

hand-held transceiver

mobile radio

NEC microwave semiconductors

California Eastern Laboratories, Inc.

Exclusive sales agent for Nippon Electric Co., Ltd. Microwave Semiconductor Products. U.S.A. D Canada El Europe
U.S. Headquarters and Warehouse -California Eastern Laboratories, Inc., 3005 Democracy Way, Santa Clara, CA 95050, (408) 988-3500
•Eastern Office -California Eastern Laboratories, Inc., 3 New England Executive Park, Burlington, MA 01803,1617) 272-2300 •Southwest
Office Cdlifornia Eastern Laboratories, Inc., 4236 North Brown Ave., Scottsda:e, AZ 85251, (602) 945-1381 •European Headquarters and
Warehouse California Eastern Laboratories, International, By, Havenstraat 8a-Postbus 1258, Zaandam, Nederland, 075-158944 •Southern
California Offices -California Eastern Laboratories, Inc., 2182 Dupont Drive-Suite #24, Irvine, CA 92715, (714) 752-1665, California Eastern
Laboratones, Inc., 2659 Townsgate Road, Suite 101-6, Westlake Village, CA 91361. (213) 991-4436.
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New products

DEVIATION
IN UNITS
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Ityou look ahead:
T eo
LIL-C decision.
The ESI Model 296 Automatic LRC
Meter offers remarkable versatility and
future tlexibility through the logic power
of a 6800 microprocessor. You get wide
ranges (2F), % and units deviation readout, multiple limits and high speed. Plus
the flexibility of dual displays for your
choice of function combinations ... C or
L combined with D, Q, R, or G ...in
either deviation or in units. And options
for future expansion: Calculator control,
teletype terminal, parts handler interface,
dc resistance measurement. Everything
you need for today, asuberb investment
for tomorrow, at $4700 (U.S.A. only).

• L, R, C, G + D&Q.
• % and units deviation.
• multiple limits.
• 2farad range.
• dual frequencies.
• dual displays.
• dual voltages.
• active guard.
• .1% accuracy.
• front panel lockout.
• programmable settling time.
• GPIB option.
• dcR option.
• 55ms speed option.

Electro Scientific Industries
13900 N.W. Science Park Drive
Portland, Oregon 97229
Phone: 503/641-4141
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The project
Cl ship launched.
First there was the hospital ship S.S. HOPE, now retired.
Today HOPE is on estoblished project which has carried
Its goal of improving health through education to 24
developing countries of the world and the United States.
Give to:

PROJECT Deportment A

186

Depending on color, the LEDs have a
luminous intensity of 6 to 7.5 millicandelas with acurrent of 20 mA.
The units can be mounted on
circuit boards where they can act as
pilot lights or illuminate back panels.
A channel on the bottom of the
housing permits flux cleaning solutions to circulate beneath them.
In quantities of 1,000, each unit
costs 454. Delivery is from stock.
Industrial Devices Inc., 7 Hudson Ave., Edgewater, N. J. 07020. Phone (201) 224-4700
[344]

Digital delay line withstands
harsh production processes
Designed to withstand manufacturing processes such as wave soldering
and freon degreasing, the HY-5001
digital delay lines are housed in
hermetically sealed, 14-pin, dual inline packages. Delay times can be
selected in 20% increments by five
taps, maximum values being 25 ns to
250 ns. Accuracy is to within ±5%
of maximum delay time or ± 2 ns,
whichever is larger. In quantity, the
HY-5001 sells for $14.80 and is
available from stock.
Hytek Microsystems Inc., 16780 Lark Ave.,

HOPE

HIIPF

lA(/lelle

Washington, D.C. 20007

Los Gatos, Calif. 95030. Phone Dick Fryoff
at (408) 358-1991 [348]

Gas-discharge display
looks bright 50 ft away
A seven-segment, six-digit gasdischarge display, the SP-491 has a
brightness of 210 foot-lamberts. The
neon-orange display is 0.7 in. high,
can be read at distances up to 50 ft,
and is visible at an angle of up to
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Today's management techniques are not
new to him.
Kieran Fitzpatrick has learned to work
with cost control, quality control, flexible production schedules, and increased employee
responsibility. Many international companies
have shown that innovative management can
be very successful in Northern Ireland. It
works for Du Pont, Goodyear, ITT, for
Grundig, Michelin, Telefunken—for firms of
all sizes in arange of industries.
The Northern Ireland work force fits
new methods into amanufacturing tradition
as old as the industrial revolution. We
combine innovation with positive attitudes
toward company loyalty, productivity,
and labor relations. We apply to the task
skill
m the basic to the sophisticat a,-

And to help put all this to work for you,
we offer the best overall package of economic
incentives in the EEC.
Find out how well we fit your business
style. Get the facts from Reg Browne or
George McLaren at the Northern Ireland
Industrial Development Office in New York.
They will quickly tailor an offer of assistance
to suit your plans. Call (212) 593-2258. Or
write: NIIDO, British Consulate-General,
150 E. 58th Street, New York, NY 10022.
Kieran Fitzpatrick works.
He's building acareer in
electronics at Grundig.

Northern
Ireland
rks.
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130 °even at that distance.
Designed for multiplexed operation, it is well suited for use in pointof-sale terminals. The SP-491 is
priced at $13.80 in quantities of
1,000 and is deliverable from stock.
Display Systems Division, Beckman Instruments Inc., 350 N. Hayden Rd., Scottsdale,
Ariz. 85257. Phone (602) 947-8371 [347]

1. Microprocessors What you must know about available microprocessor
technology, devices, information, 4th printing. $8.95

2. Applying Microprocessors

2nd and 3rd generation technology. 26 detailed
applications from data networks to video games. $9.95

3. Large Scale Integration Covers the basic technology, new LSI devices, LSI
testing procedures, plus system design and applications. $9.95

4. Basics of Data Communications

Includes 47 articles from Data
Communications magazine covering more than 11 key areas. $12.95

5. Circuits for Electronics Engineers

Contains 306 circuits arranged by 51
functions from Amplifiers to Voltage Regulating Circuits. Saves design
drudgery. $15.95

6. Design Techniques for Electronics Engineers Nearly 300 articles drawn
from "Engineer's Notebook." A storehouse of design problem solutions. $15.95
7. Memory Design: Microcomputers to Mainframes The technology,
devices, and applications that link memory components and system design. $12.95
8. Personal Computing: Hardware and Software Basics

More than 50
articles from leading publications, including specifications, helpful hints, subject
index. $11.95

Photoelectric reader lamp
beams with higher power
For photoelectric card and tape
readers that require a higherwattage light source, aT-2- 1
2 model
/
incandescent lamp has been added to
the CM8 Thin-Line series. The
5
/16-in. diameter lamp contains a
4-in.-long filament that radiates 5.16
wat 12 v.
Like other members of the CM8
series, the 10,000-hr lamp is con-

Electronics Magazine Books
P.O. Box 669, Hightstown, NJ 08520
Imust be fully satisfied or you will refund full payment if the book is
returned after ten-day trial examination. Send me:
copies of 1. Microprocessors @ $8.95
copies of 2. Applying Microprocessors @ $9.95
copies of 3. Large Scale Integration @ $9.95
-

copies of 4. Basics of Data Communications @ $12.95

-

copies of 5. Circuits for Electronics Engineers @ $15.95
copies of 6. Design Techniques for Electronics Engineers @ $15.95
copies of 7. Memory Design: Microcomputers to Mainframes @ $12.95
copies of 8. Personal Computing: Hardware and Software Basics @ $11.95

Discounts of 40% on orders of 10 or more of each book.

D

Payment enclosed

El Bill firm

D Bill

me

Company

structed with a spring that supports
the filament by tension. The usual
filament supports are thus eliminated, together with the cold spots
on the filament they typically create.
The units are priced at $11.60 in
quantities of 1,000. Delivery is from
stock to eight weeks.

Street

Chicago Miniature Lamp Works, 4433 North

Charge to my credit card:
American Express
Visa

D

Acct. No.

Diners Club
Master Charge
Date Exp.

On Master Charge only,
first numbers above name

Name

City
Signature

188

Title

State

Zip

Ravenswood

Ave.,

Chicago,

III.

60640.

Phone Tom Knopp at (312) 784-1020 [346]
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your ultra precision resistors
will also be ultra stable if you profit from our
advanced technology
\i

processes*
give you extra advantages
* Worldwide Patents

CHIP TECHNOLOGY, METAL FOIL ON ALUMINA SUBSTRATE
TOLERANCES: up to ±0,005%
TYPICAL TEMPERATURE COEFFICIENT ± 1ppm/°C between 0°C and + 60°C
T.C. TRACKING AVAILABLE TO :0,5 ppm/°C
STABILITY :25 ppm/year or 50 ppm/3 years
CLIMATIC CATEGORY: — 55°C/+ 175°C/56 days

Actual size -mm

CONFORM TO MIL- R-55182/9 -CECC 40300 style RS 92 N
(RCK02 for sales In europe)

RCK 02/RCK 02 A

RCK 04

RCK 05

Dimensions
8x 7,5 x 2,5 mm
0,33 W at 125°C
2,5o to 150 ko

Dimensions
10,5 x 15 x3,5 mm
0,6 W at 125°C
50 to 300 ko

Dimensions
10,5 x22,6 x3,5 mm
0,9 W at 125°C
7,50 to 450 ko

MATCHED SETS AND CUSTOM NETWORKS

CORPORATION •

SUITE 110
400 N. WASHINGTON STREET
FALLS CHURCH, VIRGINIA 22046
TELEPHONE :(703) 533.7646
TWX: (710) 831.0344

TRY US !our service is part of our success
RESISTOR RESEARCH IS A WHOLLY-OWNED SUBSIDIARY OF SFERNICE

Circle
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GROWTH SPURS HIRING

Rockwell Plans For Continued
Avionics Growth In 1979.
CEDAR RAPIDS — Rockwell International is anticipating another year of
growth and new developments for its
avionics and telecommunications
businesses, according to sources in
Cedar Rapids where Rockwell's Avionics and Missiles Group is headquartered. Rockwell's Collins Divisions have
helped place the company among the
largest electronic firms in the world.
The company is now gearing up for development of the next generation of
electronics products. Among the systems produced in Cedar Rapids are the
Rockwell-Collins Pro Line and Micro
Line avionics for general aviation aircraft, and a complete line of air
transport avionics. Government avionics products and systems include
the U.S. Air Force standard tactical
air navigation system, and the complete avionics system for the new U.S.
Coast Guard Medium Range Search
Aircraft.

Rockwell-Collins digital
flight control systems
to guide new generation
of commercial aircraft
through the turn of the
century.
CEDAR
RAPIDS
—
A new
multimillion-dollar contract awarded
to Rockwell International's Collins Air
Transport Division is expected to provide a baseline business for the Division through the turn of the century.
The contract is for digital flight control •
systems to guide a new generation of
commercial aircraft. It's the firm's
largest single avionics project ever.
surpassing even their work on the U.S.
space program. The Division has immediate openings for additional engineers to help handle the increased
work load.

General Aviations' new
product introductions
help provide continued
market leadership.
CEDAR RAPIDS — The availabihty
of exciting new technology, combined
with healthy sales projections for general aviation aircraft, has helped stimulate a wave of new product introductions by Rockwell International's
Collins General Aviation Division. Typical of the energetic product development efforts of the Division was the introduction this year of six new general
avionics products. Among them: the
first Rockwell-Collins Pro Line color
weather radar and a Pro Line navigation processor which displays checklist
and map information of the radar indicator: and the new Micro Line DCE400 distance computing equipment
which uses the bearing information

SECONDARY
VOY

20 NM

es'io
090 0
42 141,
1
130 ICS
20 MIN

PRIMARY
SOR

from two VOR stations to compute distance and groundspeed. (The engineer
who developed the latter product was
named Engineer of the Year for the Division.) The thrust of the new product
development work for both product
lines will be to further increase the
momentum that has propelled the Division to market leadership.

New products and systems under intensive development at Rockwell's
Collins Government
Avionics Division.
CEDAR RAPIDS — The GPS
generalized development model user
equipment being developed by
Rockwell's
Collins
Government
Avionics Division continues to perform
well beyond expectations in USAF
Avionics Lab tests. Meanwhile, the
Division continues work on the
USAF standard TACAN, standard
AM FM comm transceiver, the avionics
system for the USCG HU-25A and an
entire new family of cockpit control
and display systems. The Division is
also engaged in a series of major new
product and system development programs for the government avionics
market, creating arequirement for engineering and technical personnel to help
the Division expand its share of this
growing market.
Professional Rockwell employees enjoy
awide range of benefits, including life.
medical, dental and accident insurance: income protection: paid vacations/holidays: liberal reimbursement
for relocation: and generous savings
and retirement plans.
For full details, write Loren Wells,
Mgr., Professional Employment,
Avionics and Missiles Group, 400
Collins Road NE, MS 120-145,
Cedar Rapids, IA 52406.

I%

Rockwell
International

Equal Opportunity Employer M/F
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Once ayear,
you have
the opportunity
to see-the latest
product
developments
across the
entire electrical
en ineerin
industry
-all in one eaceat the
Hanover Pair.

Electric Power Transmission
Electrical Energy Supply
Telecommunications
Measuring, Testing, Control and
Automation Equipment
Electronic Components and SubAssemblies
Electrical Installation
Electric Lighting
Specialized Areas and Processes
in Electrical Engineering
Information for Your Visit
to the Fair
The Fair Planner and technical brochures
will be available from February onwards.
You can order the documents you need with
this coupon.
Please send me the technical brochure
D Electric Power Transmission
D Electrical Energy Supply
D Telecommunications
D Measuring, Testing, Control and Automation Equipment
D Electronic Components and SubAssemblies
D Electrical Installation
Electric Lighting
D Specialized Areas and Processes in
Electrical Engineering
D Fair Planner with the complete programme of all the specialist markets at
the 1979 Hanover Fair
Deutsche Messe- und Ausstellungs-AG
Messegelânde, D-3000 Hannover 82
Tel.: (0511) 891, Telex: 0922728
Name:
Company:

Street:
Town/Postal Code:
All the decisive innovations -in one place
at one time.
587 F.I.S

We dnesday,18th —Thursday, 26th April

Hanover
Fair "9
Electronics/March 15, 1979
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Eastman
910®
adhesive

MAKE IT
One drop of Eastman 910
adhesive bonds engraved
rigid vinyl strips to aluminum gear-shift housings.

MEND IT

Another drop of Eastman
910 adhesive repairs a
loose plastic nameplate on a
metal milling machine.

DEPEND
ON IT

New products
The system, which uses personality modules to orchestrate the various
types of processors, is being offered
in two configurations: one with floppy-disk storage for loading and
maintaining programs and data files,
and alower-priced cassette version.
The disk-storage HMDS sells for
CRT instrument supports
under $11,000, the exact price varying according to whether 630 or
8080A and Z80 and also
1,018 kilobytes of storage are
accepts 1802 overtures
required. It includes a 40-by-24character display, an ASCII keyboard, 16 kilobytes of static randomPlaying second fiddle does not give
access memory, an in-circuit debugsecond sources much of the limeger board for the 1802, power
light. So, to demonstrate its own
supplies, and a chassis. Also provirtuosity, Hughes Solid State Products division, which manufactures vided are editor, assembler, and
monitor-debugger software. Similar1800-family devices under license
from RCA, has decided to introduce a ly equipped, the cassette-storage
noteworthy product itself. Called
MDS sells for under $7,000. In the
disk-based version, programs and
HMDS, it is amicroprocessor development system that supports the data files are loaded by programmable read-only memories. The
complementary-metal-oxide-semiPROM programs include commands
conductor 1802, as well as n-mos
for reading object code and for
processors like the 8080A and the
comparing and changing data.
Z80.
The HMDS assembly language is
- It shows that Hughes is more
than asecond source, that we bring compatible with RCA'S Cosmac, says
DesRochers. At present, the system
something more to the 1802," notes
uses Basic as its high-level language,
Gary DesRochers, manager of miand Hughes is considering offering
croprocessor applications for the
division. In his view, RCA's use of a Pascal as an option.
In addition to its monitoring and
teletypewriter (rather than the cathdebugging capabilities, the in-circuit
ode-ray tube found in most n-mos
debugger board can select either the
support systems) presented an opinternal or an external clock. It can
portunity in the c-mos MDS field.
"Our customers are used to CRT also enable or disable direct memory
access or interrupts.
systems for real-time visual feedOptional hardware and software
back," DesRochers underscores.

Microcomputers & systems

System develops
C-MOS computers

Eastman 910 adhesive is
so strong, fast and easy to
apply that it can be used for
many small repair jobs as
well as for product
assembly.
For more information,write
Dick Blair. Eastman
Chemical Products, Inc..
Plastics Products Division,
Kingsport. Tennessee 37662
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Eastman Chemical Products Inc asubsidiary
ut Eastman Kodak Company Eastman 910 is
Eastman strademark tor cyanoacrytate adhesives
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PWG ALL YOUR
MEASUREMENT NEEDS INTO
ONE RECORDER.
Gould plug-in signal conditioners
give you all the versatility you need
so you don't have to buy new recorders as your measurement
needs change.
This modular approach allows
you complete latitude of measurement capabilities. Measure microvolts to kilovolts; microstrain to
10,000 microstrains; temperature
from —250" to 2500°C; frequencies

from 10 Hz to 50K Hz. Simply plug in
the appropriate signal conditioner.
And you get all this versatility
without sacrificing any of the features you expect from your Gould
instrument — calibrated zero suppression, low pass filtering to eliminate high frequency interference,
full floating inputs for operation up
to 500 volts off ground at any sensitivity setting.

Find out how one recorder can
satisfy all your measurement needs.
Contact Gould Inc., Instruments
Division, 3631 Perkins Ave., Cleveland, OH 44114. Or Gould Alco S.A.,
57 rue St. Sauveur, 91160 Ballainvilliers, France.
For brochure call toll-free: 800325-6400, ext 77. In Missouri. 800342-6600.

11
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I.> GOULD

New products
at present offered include additional
static RAM boards priced at $550 for
8-K, $1,000 for 16-K, and $1,750 for
32-K. Personality modules for n-mos
processors and the associated software are priced at $500 and $50,
respectively. Also offered is a PROM
programmer. Delivery of prototypes
began in February and Hughes
expects delivery times of 8 to 12
weeks for all subsequent system
orders.
Hughes Aircraft Co., Solid State Products

Selectivity: The ability to accept signals
within aspecified frequency band while
rejecting all others. Formerly aproblem.
See monolithic crystal filter.
Monolithic crystal filter: The solution
to most selectivity problems in radio
communication. See PTI. Their filters
define the best and most economical in
the field. Dozens of standard models,
or custom production models from 5
to 180 MHz. Write for their catalog.
The standard in monolithic crystal filters.

Division, 500 Superior Ave., Newport Beach,
Calif. 92660. Phone (714) 759-2907 or 2678
[371]

WE WROTE THE BOOK.

41111b
Plezo Technology Inc.
2525 Shader Rd., Orlando, FL 32804
(305) 298-2000
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e IT'S NEW and N
SMARTER THAN
EVER

TP-3150
Thermal Printer

Al! you need for full
Alphanumeric Thermal
Printing!

System supports development
of 12-bit processors, too
Original-equipment manufacturers
working with a number of different
microprocessors or anticipating future change can now purchase a
single system to handle all development needs. The UDS, or Universal
Development System, unites a 5-in.
cathode-ray-tube display, keyboard,
and open card cage in a portable
(shown) or bench-top package.
According to their needs, system
developers can purchase boards tailored to specific processors, as well
as support and memory modules. All
popular 8-, 12-, and 16-bit central
processing units, like the Z80, 8085,
8080A, IM6100, 6800, 9900,
Z8000, and 68000, are supported by
boards and software, and bipolar
processors can be accommodated on
special order.
With power supplies, a boardless
portable unit sells for $3,195. An
8-bit CPU board, a4-kilobyte memory module, an erasable program-

•Serial or Parrallel ASCII Input
•Power Supply •Bowmar's TP-3150 Printer
and it's only

$269." in unit quantity

.K1 Bovvinar
Bowmar Instrument Corporation •Commercial Products Division
8000 Bluffton Road •Fort Wayne, Indiana 46809
Phone: (219) 747-3121

e

194
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No Fault
Insure ce

We sell insurance.
100% insurance against faults
in your bare P.C. boards.
The Series 50 Circuit Verifier
line is alow-cost, high-speed
test system that once
programmed, will test up to
8,000 points on bare printed
circuit boards in less than 4
seconds. Quickly, accurately,
simply.
Insure that only fault-free
boards enter your assembly
cycle. The Series 50 can
provide 100% electrical
inspection to minimize
assembly rework due to
faulty P.C. boards.

Quick and simple to operate,
the Series 50 features easy
self-programming from a
known good board, extensive
self-diagnostics, rapid
"go-no-go" inspection,
complete numeric or alpha
numeric hard copy error
messac es and full memory
storage on magnetic tape or
diskettes.

The associated fixture
system features
interchangeable test heads
to accept bare boards up to
20" x24", and the "Bed of
Nails" uses our own reliable
probes.
We sell fast, accurate testing.
We sell no fault insurance.
Think about it. The Series 50
Circuit Verifier Line.
By ATEC, an
Everett/Charles Company.

ATEC

ASSEMBLY AND TEST
EQUIPMENT CORPORATION

2806 METROPOLITAN PLACE
POMONA, CALIFORNIA 91767

e/eLeifre
leAFETT/CArliAlileS, »vc

SEE US AT NEPCON WEST-BOOTH #563

Circle 195 on reader service card

You are Invited!!!

to Examine the Prestigious,
Portable Volksmeter Collection.
• Greatest selection. • Smallest size. • Low
prices. • Greatest portability. • Excellent
performance. • Dependability. • Reliable.
Most modern design. • More optional features.

•Measures VDC, VAC,
Ohms, DCmA & ACmA.
•Full four digits.
*Automatic zero.
•Automatic polarity.
•Battery powered with
charger unit included.
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Pl., Santa Ana, Calif. 92705. Phone (714)
549-03911397]

LM-4A
With LED Readout

•Measures VDC, VAC,
Ohms, DCmA & ACmA.
•Three & one-half digits.
•Automatic zero.
•Automatic polarity.
•Battery or AC line
operation?
Circle 223 on reader service card

LM-350
With LCD Readout
•VDC, DCmA, Ohms and
RMS VAC & ACmA.
•Three & one-half digits
*Automatic zero.
*Automatic polarity.
•Battery or AC line
operation?

RMS-350

Circle 222 on reader service card

mable read-only memory module,
and an E-PROM programmer are
priced at $599, $350, $140, and
$350, respectively. Source tape or
floppy disk for the Editor costs $500,
as do those for the Universal
Assembler. Compatible floppy disk
and line printer systems are also
offered.
Micro Specialists Inc., 1431 E. St. Andrews
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Circle 196 on reader service card

New products

With LCD Readout

Size: 1.9H x2.7W x4.0"D Weight: 9.2 oz

Fast worker hires on
for $7,700 or less
Intended for tasks best handled in
Basic, the SDS 420 microcomputer
system sits neatly atop a desk and
goes to work for only $7,700. The
6502A-based system has a maximum instruction time of only 3.5 its.
The unit's 32-kilobyte memory,
expandable to 56 kilobytes, fits on a
single board, and mass storage of
from 11
/
2to 10 megabytes is provided
by up to four single- or double-density floppy-disk drives. A 71-character
detachable keyboard and a 12-in.
cathode-ray tube that can display up
to 25 lines of 80 characters allow
transactions under the guidance of
the operating system and 12-K Basic
interpreter.
Delivery time for the SDS 420 is
90 days and substantial discounts
are available for large orders.
Scientific Data Systems Inc., 12640 Beatrice
St., Los Angeles, Calif. 90066. Phone (213)
390-86731398]

SPECIFICATIONS
RANGES

MODEL

DIGITS

1 mV

3

3134

1 mV

3

$114

I mV

9-1/2

3155

1 mV

9-1/2

3144

.0.50 Rdg

1 mV

3-1/2

3200

.0.10 Rds

100 0V

4

$209

100 iiV

4

$250

:10

LM-3A
LM-300

RESOLUTION

DC ACCURACY

VDC, VAC, DCinA & ACmA
I, 10, 100 & 1000.

Rdg

.10 Rd

PRICES

•1000

LM-3.5A•

over-noge - 1000 VDC or

LM-350.

R MS-350 displ•ys true R MS

.0.51 Rs"

Computer processes
English and data

peak AC & IA maximum.
.0.50 Rs*

.

in VAC •nd ACmA modes.
RMS-350•
Oil Mn
LM-40A

IID, 1010, 10010, IPM &le MR

.0.030

LM-4A
LM "A - Series display -

Rd(

LM-300, LM-350 & RMS-350 - ICO' ..

eLED-display models—NiCad batteries and charger unit included.
LCD-display models—batteries and charger unit not included but
available at extra cost.

NLS products are available from Nationwide Electronic
Distributors. Send for our brochure today!

Non-Linear Systems, Inc.
Originator ot the digital voltmeter.
Box N. Del Mar, California 92014
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Blending a high-speed, Z80-based
microcomputer, a video terminal,
dual floppy-disk drives, and a printer, the Memorite 2 meets the
computing needs of many small businesses or departments within larger
companies. In building the computer, Vector Graphic Inc. used its own
MZ microcomputer and Mindless
Terminal as well as Qume Corp.'s
Sprint 5printer and dual Micropolis

Telephone (714) 755.1134
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Once you compare our new 191 digital multimeter to ordinary 51
2 -digit DMMs, we think you'll readily
/
agree that it outclasses its class. For good reason.
The 191 is a±200,000-count DMM capable of 0.004% accuracy and 1µV/1mQ sensitivity. It delivers
unsurpassed accuracy faster, because firmware in the 6802-based µcomputer has replaced slower, less
precise analog circuitry.
Displayed data is updated at the fastest rate of
digit change readable by the human eye-4 conversions
per second. Settling time of 0.5 seconds is easily half that
of the 191's nearest competitor.
The µI) combines both charge-balance and single-slope conversion techniques. Every displayed
reading is automatically corrected for zero and gain drift.
If you've ever had to contend with the frustration of potentiometer zeroing, you'll appreciate the 191's
null function. Automatic arithmetical correction of residual error is standard. With atouch of the button
you can buck out any in-range signal, large or small.
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8previous readings. Yet it instantly displays input

changes of 10 digits or more.
Another exclusive of the 191 is 2and
•
4-terminal measurement from 1m52 to 20MQ across six ranges. Simply
adding
ding two more sense leads automatically enables
es Kelvin
in measurements.
changing input terminal links or even pushbutton settings.
And, finally, since µI) design reduces component count, the 191 requires less servicing and calibration,
increasing reliability and stability.
At $499 without plug-in ACV, the 191 is today's performance/value
leader in 51
/ -digit DMMs. A year from now most people will agree.
2
But you probably don't need that much time to make up your mind. And we're ready to help you with a
demonstration or additional information. Call 800-321-0560. In Ohio, 216-248-0400.
Next year you'll be glad you did.

KEITH LEY

Circle #261 for literature

Circle #197 for demonstration

DON'T LET
MOISTURE UNDERMINE YOUR
PRODUC1 RELIABILITY
Moisture trapped inside an IC package can seriously affect it's long
term stability and reliability. This problem becomes critical with hi-rel
hybrids used in military or commercial systems.
The Mini-Mod-A sensor provides an accurate, nondestructive method
of testing hybrids for moisture content. It is a miniature device designed
to be mounted inside the package with the other components, using conventional bonding techniques. With the Mini-Mod-A sensor and the Model
771 Moisture Analyzer, it is possible to measure moisture levels from
less than 25 ppm to greater than 15,000 ppm. This method is simple to
use, and is a cost-effective alternative to destructive sample testing. It
will also continue to provide information on
the moisture content of the hybrid for it's
entire life.
Call or write us today for free literature and
technical papers describing the Mini-Mod-A
and it's applications in the microcircuits
industry. Panametrics, Inc., Thin Film Sensor
Operations, 221 Crescent St., Waltham, MA
02154, 617-899-2719.

PANAMETRICS

New products

floppy-disk drives. The MZ can
manage up to 630 kilobytes of disk
memory and the printer can operate
at speeds up to 55 characters per
second.
For word processing, Memorite 2
has edit and delete capabilities for
advanced text preparation. The system will automatically, type letters
from memory with underlining, indentation, automatic margins, and
variable line and character spacing.
Moreover, letters and address lists
may be merged for mass mailings.
As a data processor, Memorite 2
can perform not only accounting
tasks amd custom calculations using
the Business Basic language, but
also scientific calculations. Price of
the Memorite 2system is $8,950.
Vector Graphic Inc., 31364 Via Colinas,
Westlake Village, Calif. 91361. Phone (213)
991-2302 [394]

Name

Function

Company

Division

L

Address
ate

Disk operating system
executes faster than most

City
Zip

Phone

Ext

Circle 198 on reader service card

If this magazine
is worth your time,
it's worth 65 e.
Drop off the routing list. Avoid the Perils of Passalong. Get your own
fresh, unclipped copy mailed to your home or office $17 (65e per
issue) for aone-year U.S. subscription. ($19 in Canada.) Turn to the
subscription card in the back of the magazine. If somebody beat you
to it, write: Electronics, P.O. Box 430, Hightstown, N.J. 08520.
198

Index, which stands for interruptdriven executive, is adisk operating
system for the 6800 microprocessor.
It is faster than most disk operating
systems because the keyboard console and other input/output devices
are serviced by interrupts rather
than polling. Also, because the 1/0
devices are treated as disk files, new
devices can be added without altering the operating system.
A user can expand Index by
adding utility commands and driver
routines, which reside on diskette
and are loaded into memory only
when needed. Thus software can be
enhanced without changing the entire program or adding memory.
Index handles both ASCII and
binary files, and these disk files are
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NOW. to
obsolete
decou
capacit
with

New, high capacitance Q/PAC*power distribution elements are the exciting, revolutionary way to eliminate

0/PAC elements eliminate the need for on board
power traces and extra board layers. They maximize

decoupling capacitors from printed circuit boards.
Rugged 0/PAC elements are easy to install and increase system reliability through reduced part count.

packaging density and minimize signal interconnection
problems.

0/PAC elements are available in capacitance values up
to 0.05pf per inch in lengths up to 16 inches. Configurations allow for either vertical mounting or horizontal
installation under DIP packages.
*

WPAC elements feature a low dissipation factor, low
inductance and low impedance.
Pack more on static and dynamic MOS memory boards,
more on critical random logic boards.

Patent Applied For

Contact the 0/PAC Product Specialist at (602) 963-4584.

r421efl
For immediate need circle #224

Rogers Corporation
Chandler, Arizona 85224
EUROPE Mektron NV Gem Betgkon

JAPAN Nfflon Mektron Tokyo

For Information only circle #199

When you need
illuminated switches,
or more than
illuminated switches...

Dial ight is the first place to look. We make just about
any kind of illuminated push button switch that anyone could want ...Single lamp, dual lamp, neon,
incandescent, LED lighted, you name it.
Perhaps you're looking for snap action switches
with silver or gold contacts, or wiping action switches with gold contacts for low level application.
And if you're looking for rear panel or front
bezel mounting switches, switches with momentary
or alternate actions, or high quality switches for
computer applications, we have them.
You'll find that Dialight switches are not only
available at a reasonable price, they're also available with some very attractive features. Lamp removal is from the front so you don't have to remove

an entire switch just to change a lamp. And you
never have to use anything more complicated than
your fingers for replacement or installation.
Along with outstanding variety and design, you
get superior Dial ight quality. Most Dialight switches
are Underwriter's Laboratory listed and CSA approved.
And Dialight distributors are widely located
throughout the United States, Canada and worldwide.
Call or write Dial ight today. We'll send you our
free switch catalogs so you can select a quality
switch that's American
made and Dialight guarA North American Philips Company
anteed.

DIAI IGI-IT

Dialight meets your needs.
Dialight,

Circle 228 on reader service card

203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600

New products
automatically created, allocated, and
de-allocated storage. Files are given
names up to eight characters long to
which parameters are appended to
indicate drive number, directory level, protection status, and activity
value. With the activity value, the
user may list or display only the file
entries at or above this level.
Versions of Index are available for
the PerCom LFD-400, Southwest
Technical Products' MF-68, Smoke
Signal Broadcasting Co.'s BFD-68,
and Motorola's ExoRciser development system. Index is supplied on
two minidiskettes for $99.95
Percom Data Co., 318 Barnes, Garland,
Texas 75042. Phone (214) 272-3421 [395]

Simulator takes place
of RAMs or ROMs
The ED-6000 simulator is used in
place of read-only or read/write
random-access memories while code
is being developed for them. This
allows a user to design and test
machine-code software for microprocessors, as well as bit-slice and minicomputer systems. Because of the
unit's short access time (65 ns), user
programs can be executed and diagnosed at full speed without wasting
programmable ROMs.
The simulator will support words
up to 128 bits in length. Its memory
is contained on cards holding 16
kilobits each. Data can be entered
into the high-speed simulator
through an optional terminal,
through the use of a paper-tape
reader, or by acomputer.
The basic ED-6000, with 16 kilobits of memory, sells for $4,500.

Now you can sound off
right from your
printed circuit boards.
The Mallory
Sonalert Signal.
This new Sonalert design gives you a choice
of three medium loud sounds — continuous,
fast pulse, or slow pulse at 2900 Hz. It will
even give you pulsing or continuous sound
in the same package. You can spec it into
just about anything in which you need sound.
And its pin mounting makes it easy to insert
and solder into printed circuit boards. Units
may be hand or wave soldered.
Mallory Sonalert Electronic Signals are
available direct, or through authorized
Mallory distributors in U.S., canada and
overseas. Give us a
hearing. Write or call.
P. R. Mallory & Co. Inc.,
Box 1284, Indianapolis,
Indiana 46206.
(317) 856-3731.

Eldyne Inc., 7364 Convoy Court, San Diego,
Calif. 92111. Phone (714) 277-2471 [396]

MALLORY
Electronics/March 15, 1979
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Electronics Magazine
Books

1. Microprocessors
What you must know about
available microprocessor
technology, devices, information, 4th printing. $8.95
2. Applying
Microprocessors
2nd and 3rd generation technology. 26 detailed applications from data networks to
video games. $9.95

3. Large Scale Integration
Covers the basic technology,
new LSI devices, LSI testing
procedures, plus system
design and applications. $9.95

4. Basics of Data
Communications
Includes 47 articles from Data
Communications magazine
covering more than 11 key
areas. $12.95

5. Circuits for Electronics
Engineers
Contains 306 circuits arranged
by 51 functions from Amplifiers to Voltage Regulating
Circuits. Saves design
drudgery. $15.95
6. Design Techniques for
Electronics Engineers
Nearly 300 articles drawn
from "Engineer's Notebook."
A storehouse of design
problem solutions. $15.95

P.O. Box 669, Hightstown, NJ 08520
(609) 448-1700, ext. 5494
Title
1.

Microprocessors

Charge to my credit card:

Price

R

American Express
Visa

D Diners Club
Master Charge'

$ 8.95

2. Applying Microprocessors

$ 9.95

3. Large Scale Integration

$ 9.95

4. Basics of Data Communications

$12.95

5. Circuits for Electronics Engineers

$15.95

O. Design Techniques for
Electronics Engineers

$15.95

7. Memory Design: Microcomputers
to Mainframes

$12.95

8. Personal Computing:
Hardware and Software Basics

$11.95

Acct. No.

Date Exp.

'On Master Charge only, first numbers above name
Name

Title

Company
Street
City

Discounts of 40% on orders of 10 or more copies of each book.

202

8. Personal Computing:
Hardware and
Software Basics
More than 50 articles
from leading publications,
including specifications,
helpful hints, subject
index. $11.95

If after my 10-day free-trial examination fam not fully satisfied tunderstand
that my payment will be refunded.
D Payment enclosed D Bill firm D Bill me

Electronics Magazine Books

No. of
Copies

7. Memory Design: Microcomputers to Mainframes
The technology, devices, and
applications that link memory
components and system
design. $12.95

State

Zip

Signature
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Zeiss Optics...Precision...Durability„.
for Production OC, and R&D.
130 interchangeable
objectives—
No eyestrain—

Standard 20 T—
the workhorse
Compact, rugged
semiconductor
microscope with
4x4" traveling stage
for the production
line, inspection.
Removable
specimen
holders for
easy loading of
masks and
wafers.

Greatest operator
comfort.

Circle 264

The Universal—the most
universal microscope
Time-proven in R&D. quality
control, and failure analysis.
Full interchangeability for the
most sophisticated techniques,
use of 35mm and large-lormat
cameras, TV, automatic scanning
stages, and photometer lend true
universality to the UNIVERSAL.

Circle 263

•IA
tia

'

Epi-Microscope—the
best buy on the market
A small and versatile
upright incident-light
microscope for production. OC. and R&D. Can
be mounted on various
stands or attached to
any machinery. With
special objective, working distance up to 19mm
for up to 300x
magnification.

Circle 203

Light-Section
Microscope—cuts a
profile, nondestructively
Measures thin-film
thickness, layers in
wet and Jired state,
substrate surface
warps. Accepts
35mm and 4x5"
cameras, Polaroid@

it

Ultraphot—camera
microscope
The only, alt-enclosed
system for micro- and
macrophotography at
continuous magnification
from 2.5x to 3,200x in
brightfield, darkfield.

Circle 265

br- I

Circle 266

f
r

Solidscope 6x6—
specially designed for
the electronics
industry
Supetstable microscope with extra-large
6x6" traveling stage for
inspection and OC
of masks, wafers,
packaged chips.

Stereomicroscopes DR and DV 4
—high resolution at economical
prices
2 fixed magnifications or 1:4
finest zoom optics with widefield
eyepieces give exceptionally
brilliant, flat, and sharp images.
Precise binocular alignment is
easy on operator's eyes.

Write for
10-page catalog:
"From Slice
to Circuit." Circle 127

010

Axiomat—the 21st century camera
microscope
An upright or inverted microscope,
according to choice, with 35mm and
4x5" fully automatic cameras built

Circle 128

in. Stability and optical quality
have no equal.

Circle

129

Carl Zeiss, Inc., 444 5th Avenue, New York, New York 10018 •(212) 730-4400
Branches in: Atlanta, Boston, Chicago, Houston, Los Angeles,
San Francisco, Washington, D. C.
THE GREAT NAME IN OPTICS
Nationwide Service

[
Z
EISS
CARL

WEST CiRMAP,!
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For multiple choice
in alphanumeric
displays.-
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LOOK TO IEE
FOR SIZE, COLOR,
QUALITY AND ECONOMY!
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LRT1784/85 is adual .54" 14-segment LED
display; it is low power, low cost, endstackable and available in red
green, and orange.
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LRT1704 is a .3" 5x7
LED array available
in the high brightness colors of
red, yellow and
orange.
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LRT1057 is a 1.16" 5x7 dot matrix, sidestackable LED capable of creating a
"marqueeing" type of display
effect; available in red, green,
yellow and orange.

Please request additional information on your business letterhead,
or call your local sales representative listed below:
CANADA

UNITED STATES

INTERNATIONAL

AL
AZ
CA

(205) 883-7893
(602) 995-9455
(213) 541-2515

MI
(313) 353-8210
MN (612) 927-4361
MO (3 14 )569 -122 0

AB
BC
ON

(
403) 276 -9644
(60 4 )58 1- 761167-2393
(
41 6) 638 -5511

AUSTRALIA248231
95-1566 /
597-2866

0
1
T
3
A
9L
-3
Y60021.2.3

CA
CO
CT
FL
FL
IA
IL
IN
IN
KS
KS

(415)
(303)
(203)
(305)
(305)
(319)
(312)
(317)
(219)
(913)
(316)

965-9321
442-1100
239-0212
857-3760
942-0774
362-9177
433-2375
844-8462
432-5553
381-0004
264-2662

NC
NY
NY
NY
NY
NY
OH
OH
OR
PA
TX

(704 )527- 30 70
(518) 489-7408
(607) 723-8743
(716) 271-2230
(3 15) 732- 3775
(516) 822-9890
(216) 526-2535
(614) 457-8472
(503) 245-2342
(215) 265-5211
(214) 349-9940

PE

(5 14 )487-3434

BELGIUM
031/83. 33.50(41)
DENMARK
02 86 3888
ENGLAND
690-1914/15
01-953-4151
FINLAND

JAPAN 400-8511
NETHERLANDS
(070) 46-93-36
NORWAY
+47 2 15 75 50
SOUTH AFRICA
28-2662
SOUTH AMERICA

MA
MD
MD

(617) 862-8230
(301) 460-6100
(301) 252-7111

UT
VA
WA

(801) 262-0000
(804) 973-5874
(206) 883-6690

'The
Display
Maker

ISRAEL

9°
FR/
A
88
NC
-20
E-44

(215) 624-1049

603-96-23

2s
S3W0
PAE. I
5N
D5E.0N7

GERMANY
06235-5662

INDIA
373544-37354557

08-89 04 35
SWITZERLAND
062/51 57

-INDUSTRIAL ELECTRONIC ENGINEERS, INC. • 7740 Lemona Ave., Van Nuys, CA 91405 •Telephone (213) 787-0311 • TWX: 910-495-1753
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LOW COST PROTECTION FOR
MICROPROCESSORS, MEMORIES
OR ANY SYSTEM LOAD.
Lambda semiconductor overvoltage protectors
2 AMPS to 35 AMPS from $1.70.

Hybrid L-12-0V

(JP

Monolithic L-2-0V

e
e0
c;:
Hybrid L-20-0V/L-35-0V

Monolithic L-6-0V

LAMBDA SEMICONDUCTORS
Lambda staffed sales and service offices
ATLANTIC REGION
Melville, New York 11747
515 Broad Hollow Road
Tel 516-694-4200
TWX 510-224-6484

NORTH-EASTERN REGION
Lexington. Massachusetts 02173
2 Mod. Dove
Tel 617-861-8585
TWO 710-326-7558

SOUTH-WESTERN REGION
Dallas. Texas 75231
6950 W.chester
Tel 214 341-5130
TWX 910 861•9048

MID-WESTERN REGION
Arlington Heights. III. 60005
2420 East Oaklon St Unit
Tel 312.593.2550
TWX 910-222-2856

POWER SEMICONDUCTORS
DESIGNED, DEVELOPED
AND MANUFACTURED BY

FAR-WESTERN REGION
Cerritos, Ca 20701
126071fidden Creek Way Sude J
Tel 213-926-0562
TWO 910-346 7649

NORTH-WESTERN REGION
Sunnyvale. Ca 94086
599 N Mathrkla Ave
Tel 408-738-2514
TWX 910-339-9243

A LAMBDA

ELIX"ITIONICS

:OVERVOLTAGE PROTECTION
'IN YOU BUY OR BUILD.
ied in Lambda's 5-year-guaranteed power supplies.

MONOLITHIC
L-6-0V

HYBRID OVERVOLTAGE PROTECTOR
SCHEMATIC DIAGRAM

LAMBDA L-2-0V USED TO BUILD HIGHER
CURRENT LEVEL OV PROTECTOR.

ATED OVERVOLTAGE PROTECTION
'A, 20A, 35A.
ORDERING INFORMATION

OUTLINE DRAWING
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12 AMP
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20 AMP
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CITY

CITY

OTT
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MODELS

1
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250

1000

MODELS

1
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1000
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1
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250
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57 50
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$20
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14 40

13 60

12.30

7.50
750

680
680

L 20-0V-12
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28
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PRICE
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750

680
680

L-20-0V•20
L20.0V•24
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16

11.20
11.20
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10 50

9.50
950

750

6.80

L•20-0V 28

16

11 20

10.50

9.50

750

680

L•20.0V-30

16

11 20

1050

9.50

VOLTAGE TOLERANCE MAINTAINED OVER 0 71 ° C DUE TO POWER DESIGN

•V -DISCONNECT TO
MSc!
CASE

NOW YOU CAN AFFORD TR
FOR ANY POWER SUP
The same semiconductor overvoltage protectors u:

1

HYBRID
L-35-0V

HYBRID
L-20-0V

HYBRID
L-12-0V

AP

MONOLITHIC
L-2-0V

TRUE TEMPERATURE-COMPENS
2A, 6A,
GENERAL DESCRIPTION
the output terminals of the power supply when a preset limit voltage has
been exceeded. The trip-point limit voltage cannot be adjusted To reset
overvoltage protector, remove AC input to power supply allow overvoltage protector to cool, and reapply power

The Lambda overvoltage protector prevents damage to the load caused
by excessive power supply output voltage due to improper adjustment.
improper connection, adisconnected sense lead, or bailie of the power
supply Load protection is accomplished by effectively short circuiting

OVERVOLTAGE PROTECTOR ABSOLUTE MAXIMUM RATING
L6 OV
SERIES

L 2 OV
SERIES
PARAMETER

SYMBOL

MIN

MAX

MIN

L 12 OV
SERIES

MAX

MIN

MAX

L•20-0V
SERIES
MIN

MAX

1•360V
SERIES
MIN

MAX

On Slate Current

'DC

2A

6A

12A

20A

35A

On Stale Voltage

26V

I3V

14V

16V

VDc

26V

Non Repeldlye Peak
Surge Current'

Ip

23A

70A

2004

260A

350A

Standby Current

Is

35mA

25mA

30mA

30mA

30mA

Oper along Temperature
IBlociune•
Operaimq Temperature
IConducttng)•* .

,ca

,100 °C

-40 °C

4

100 °C

-40 C

• 100 °C

40 'C

. 100 t

40 C

• 100 C

conducting or 'OFF" state
'Case temperature fOr overvoltage protector in conductal(t or ON stale Power must be removed and case
Aed to drop to 71 0 C bet ne applica-

The overvoltage protector requires an eterna
i,ntain case temperature below

Ti
Ts

Power Citsppatron
(o)Tc=25 -C
Oerate
above 50 C

P0

R ( oc

40 C

r 150 'C

40 C

t 150 C

40 c

. 140 C

40 C

• 140 C

40 C

' 140 C

40 C

, 150 C

•40 C

• 150 C

40 C

• 125 C

40 C

• 125 C

40 C

• 125 C

30
Watts
0)06 CnN

150
Watts
@I 5 CtW

50 C W

10 C W

,ateo

heat s,nk
the

I.rnt When

.• •. )Itage protector is used with a Lambda oovve ,SuOPIY
e oower Supply chassis acts as the neat sink The

t 12 -0v. L-20 -0v. L-35-0V

Storage Temperature

Thermal ResIstance

40 C

For sinusosdal current duration of 83 milliseconds max
''Case temperature for overvoltage protector in non-

,applied

overvoltage protector

is

with mating connectors for pins on overvoltage

;.'oteCtnr I•V and - V engraved on unit)
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LOW COST PROTECTION FOR
MICROPROCESSORS, MEMORIES
OR ANY SYSTEM LOAD.
Lambda semiconductor
overvoltage protection from $1.70*

DC REGULATED
OUTPUTS
SEMICONDUCTOR
RVOLTAOE PROTECTORS
•-•

Amov"
ov-s
ere
2‘,
66 o

ALAMBDA SEMICONDUCTORS
*$1.70 IN QUANTITIES OF 1000

Sepertester 680 7Z

fabulous
and revolutionary

10 MEASUREMENT FUNCTIONS
AND 80 RANGES

Microtest Mel. 80
The smallest, thin and light weight precision
meter in the world !
(90 x 70 x 18 mm -120 gr. only)

with a very

wide mirror scale meter (90 mm).
• 8 MEASUREMENT FUNCTIONS AND 40
RANGES
• NO ROTARY SWITCH -NO POTENTIOMETER-METALLIC FILM AND WIRE RESISTORS OF HIGH PRECISION (0,5%)
• OVERLOAD PROTECTIONS SENSITIVITY
20 K&/V.
Not bigger than apacket of cigarettes! !
N
The meter for the engineers who need high requirements

Records
for

lLarge mirror scale meter with small size (mm128x95 x32)
Accuracy (1% D.C. -2% A.C.)
Simplicity and ease of use and readability
Solid, robust, compact and light weight body (300 gr)
Large range of inexpensive accessories (14 Types)
Fully protected against overload with fuse and diodes

PRICES OF ABSOLUTE COMPETITION - FREE CATALOGUES

DISTRIBUTORS

I.C.E.

WANTED FOR
FREE AREAS

INDUSTR IA COSTRUZIONI ELETTROMECCANICHE
VIA
RUTILIA
19
—
20141
MILANO
ITALY
Circle 209 on reader service card

300 NANOSECONDS VOLTAGE DAC
V

True12-Bit DTo A Conversion
... is achieved by combining our 4065 current DAC
and our 1430 fer operational amplifier. The result
is a 12-bit hybrid voltage DAC system with a
voltage settling of under 300 nsec to 0.01%.
In addition,

these units offer operation from

—5.5 °C to +125 °C and the high reliability that
is inherent in MIL-STD-883 screening.
Just one more reason why....
No One Does It Better Than Philbrick

LI

Circle 267 on reader service card

irTELEDYNE PHILBRICK
./.111411e4e-

DATA CONVERTERS, V/F/V CONVERTERS, LINEARS, NONLINEARS, POWER SUPPLIES

j Allied Drive at Route 128, Dedham, Massachusetts 02026
Tel:

(617) 329-1600 TWX:

(710) 348-6726 Telex: 92-4439

Triggering is the single
most important feature
of your logic analyzer.
Now BPI brings you expanded triggering.
Introducing our new Trigger/Data Probe. Coupled with our
versatile logic analyzer (as pictured), it's the most
powerful way to tackle your microprocessor, mini,
or mainframe problems. Here's why.
1. You can parallel trigger up to 38 bits wide.
2. And record and analyze up to 16 digital
signals while triggering from up to 22
additional locations.
3. Or use the probes in series for double or triple
word trigger ng.
Compare feature for feature, dollar for dollar.
The new BPI Trigger/Data Probe brings yo
more versatility, portability and performanc
at a low, low price.
Call us today for a demonstration of
how our expanded triggering can
make troubleshooting easier in your
,
• applications.

t

I i BP Instruments • 10601 S. DeAnza Blvd., Cupertino, CA 95014 • (408) 446-4322
Circle 210 on reader service card

The biggest problem
with your IEEE bus...
So your new equipment conforms to
IEEE standards. Great. But your system
doesn't work. Not so great. Either your
interface or your software isn't compatible.
But which one?
Look no further. This is Model 488.
The IEEE Bus Monitor/Analyzer from
Interface Technology.
It records, analyzes, and controls.
It stimulates, calibrates, tests, and verifies.
In short, it does the thinking — and the
searching — for you.
Call today for ademonstration of this
remarkable time saver. Now that you're
on the bus, you don't want to miss
the boat.

...is finding why
your bus has aproblem.

intee
ri E
repe
852 North Cummings Road •Covina, California •(213) 966-1718
Circle 211 on reader service card

Products newsletter
4-bit quantizer

Watch for Advanced Micro Devices Inc., Sunnyvale, Calif., to speed up

has 10-ns conversion

the analog-to-digital conversion market with a 100-MHz 4-bit quantizer
that performs a complete conversion in 10 ns. Available as samples, the
Am6688 is aparallel converter that obtains its high speed by operating 16
emitter-coupled-logic comparators in parallel, instead of using a series
technique like successive approximation. Although it only resolves four
bits, the device has 8-bit accuracy, so 16 of them can be stacked to make
an 8-bit converter. The part will sell for $45 each in hundreds. A 6-bit
version is expected by the end of the year.

time, $45 price

Probe enhances
logic analyzer

Monolithic 8-bit
a d converter
sells for $14.50

Floppy-disk
systems offered
for PDP-8 users

Price reductions

Electronics/March 15, 1979

Users of E-H International Inc.'s model LA 1850 logic analyzer should be
glad to hear that the Oakland, Calif., firm is enhancing the instrument's
capability with anew data-probe accessory, the model DPI 1. The probe,
which sells for $525, features 11 channels —8 regular data bits plus 3
qualifier lines—according to product manager Richard L. Newsome.
Units may be connected to provide more bits for complex combinational
triggering, Newsome says.

Analog Devices Inc.'s Semiconductor division in Wilmington, Mass., has
applied integrated injection logic to an 8-bit analog-to-digital converter
with a conversion time of 25 /Is. The single chip contains a clock, a
comparator, a successive-approximation register, a buried zener reference, a d-a converter, and three-state output circuitry. It requires no
external components to operate at full accuracy (± 1
/
2 least significant bit
uncertainty) and is priced at $14.50 in hundreds.

There are still plenty of PDP-8 computer systems around and Xebec
Systems Inc. of Santa Clara, Calif., hopes to supply many of them with its
two new flexible-disk systems. The first is the model 1252A, a doubledensity system capable of storing 1.56 million 12-bit words. The second,
the 1252AS, is compatible with DEC media and can store 788,000 12-bit
words. Both units sell for $3,950 and come complete with computer
interface, formatter, two drives, cables, and manuals.

Mupro Inc., Sunnyvale, Calif., has reduced prices on its line of 16kilobyte Multibus-compatible memory boards. The basic MBC-016 has
been reduced by $190 from $985 to $795, while the cost of top-of-the-line
MBC-016C with its error checking and correction capability has been
lowered $220 from $1,395 to $1,175.
General Electric Co.'s Electronic Components Business division,
Auburn, N. Y., has cut the prices of 27 of its optocouplers. The reduction
averages 16% on the 4N types and 22% on the HI IA and B devices.
Analog Devices Inc., Norwood, Mass., has slashed prices across its
entire line of synchro-to-digital converters. Prices for the SDC1702511
(10-bit), 1700511 (12-bit), and 1704511 (14-bit) converters, in single
quantities, are now $215 (down from $325), $255 (from $345), and $385
(from $440), respectively. "Other resolutions and reference frequencies
have similar price reductions," says Edward H. Friedman, product line
manager for synchro converters.
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problems of VLSI:
report 15 pp $3.00

Books
and Software Basics-ElectronR-819 McGraw-Hill's

Compilation

Communications
standards

_

issue $4.00
R-821 Codecs answer the call 18 pp

_

R-817 How bit-slice families compare

$4.00

ics Book Series 266 pp $11.95

dards-89

of

18 pp $3.00

Stan-

from

R-816 Packaging technology responds

5

to the demand for higher densi-

organizations 1133 pp $165.00

ties 9pp $3.00

R-803 New Product Trends in Electron-

R-815 Higher power ratings extend V-

ics 1977-Electronics Book Se-

MOS FETs' dominion 8pp $2.00

ries 333 pp $14.95
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R-732 Memory Design:

R-813 Data-link control chips: bringing
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$3.00
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R-726 Design Techniques for Electron_

Series 396 pp $15.95
R-31D Designer's Casebook Number 1
106 pp $5.50
R-704 Thermal Design in Electronics 52

Data

$4.00
R-734 Microcomputer families expand

Thick-film thermistor pastes may be
used to replace conventional discrete
thermistor chips. Four different
pastes are available in the NTC 100
series, with resistivities ranging from
500 I per square to 10 k11 per
square, and maximum betas from
- 1,500 to -2,350 (comparable to a
-7,000 to -8,500 temperature
coefficient of resistance). These materials can be blended prior to use to
achieve intermediate resistivities, or
they can be custom-blended to
customer specification. In evaluation
quantities they sell for $4 per gram,
and in production lots for about
$2.50 per gram.

report-Automotive

electronics gets the green light

Electronics Book Series 191 pp

10 pp $3.00

Communica-

tions-Electronics Book Series

Charts

303 pp $12.95
R-602 Large Scale Integration-Elec-

R-823 Communications satellites $3.00
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tronics Book Series 208 pp
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R-520 Microprocessors-Electronics

R-213 Electromagnetic spectrum (updated 1976) $3.00

_

Book Series 154 pp $8.95
R-011 Computer-aided Design 135 pp

R-516 Electronic symbols $2.00

R-326 Optical spectrum (6-page report
and chart) $3.00
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Articles
R-901 1979 world market survey and
forecast 24 pp $4.00
R-829 Special report: New networks tie
down

distributed

processing

concepts 16 pp $3.00
R-827 Tackling

the
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large-scale

Payment must
accompany your order

Cermalloy, Cermet Division of Bala ElectronMake check or money order payable to Electronics Reprints. All orders are shipped
prepaid by parcel post. Allow two to three
weeks for delivery. For additional information
call (609) 448-1700 ext. 5494.

USE THIS PAGE AS YOUR ORDER FORM
Mail your order to:

Cost of orders

Janice Austin

Plus 10% handling charge
TOTAL AMOUNT ENCLOSED

ELECTRONICS REPRINTS
P.O. Box 669
Hightstown, N.J. 08520

SEND REPRINTS TO
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Dept

Company__
Street
City
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Rogers Corp., Circuit Systems Division, P. 0.
Box 700, Chandler, Ariz. [476]

R-730 Special

Microprocessors-

A cover film of polyimide coated with
azelate adhesive for forming flexible
circuits does not require the high
processing temperature and pressure
needed for acrylic adhesives. R/flex
7000 absorbs less than 0.2% of its
weight in water after being immersed for 30 minutes at 25 °C. It
has a bond strength of 8 lb/in. at
25 °C when laminated to treated
copper, a tensile-strength rating of
23,000 lb/in 2,and the capability to
withstand a60-second dip in a260 °C
solder bath with no degradation of
these specifications. The material is
available in thicknesses of 1, 2, 3,
and 5 mils, coated on one or both
sides with the azelate adhesive. The
thickness of the adhesive may be 0.5,
1.0, or 1.5 mils.

processors 8pp $3.00
R-801 World market report 1978 24 pp

20 pp $4.00

pp

of

R-809 New methods and material:: stir

ROMs 14 pp $3.00
R-805 Why and how users test micro-

neers: 306 circuits in 51 functional groups-Electronics Book

$9.95
R-608 Basics

dis-

up printed wiring 10 pp $3.00
R-807 Here come the big, new 64-K

ics Book Series 370 pp $15.95
R-711 Circuits for Electronics Engi-

$5.00
R-701 Applying

liquid-crystal

plays 10 pp $3.00

ics Engineers: 293 time-saving
ideas in 48 chapters-Electron-

_

a special

R-825 1978 technology update special

R-903 Personal Computing: Hardware

Data

New products/materials

State

ics Corp., Union Hill Industrial Park, West
Conshohocken, Penn. 19428 [477]

A ceramic coating insulates electrical and electronic components at
temperatures up to 3,200 °F. Cera ma-Dip 538, asingle-component material, comes in paste form with a
liquid thinner that gives the thixotropic coating asouplike consistency.
The material can then be brushed
onto acomponent, or the component
can be dipped in the mixture. After
air-drying for one hour, followed by
baking at 180 °F for 3to 4 hours, the
coating hardens into adense ceramic
surface. Cerma-Dip 538 has a
dielectric strength of 150 v/mil at

Zip
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LAST YUMAN
IMPRESSIVE 389
NEW OEMs JOINED
DATA GENERAL
HERE'S WHY.

HERE'S HOW.

1. Because we've got an
E I'm impressed, tell me how Ican become aData
General OEM.
aggressive new product inD I'm abusiness systems supplier D OEM
D an end user.
troduction policy that proI
duces goods, not excuses.
I
2. Because we've got a
broad line of compatible prodL
ucts to get them in more
doors.
y
Data General
We
make
computers that make sense.
3. Because we get our products delivered before they
become ancient history
4. Because we offer an enticing discount schedule and
extended start-up contract
5. Because we'll go right to
their customer with them to
help close abig sale.
6. Because they know that
success breeds success.
I

Name

Title

Company

'Id. No.

Address

1

I

City

_

State

Mail to: Data General Corp.
Att: OEM Marketing
MS 83110, Westborl MA 015$1
IMB= MI
ffl
IMM ffl

Zip

E315

ffl

Ilata General Corporanort, Mi.stboria. MA 01581. 16171 366-8911. I/au. I...nerd I
Canada) Ltd., Oniano. Canada. Data
General Europe. 61 rur dr Coon:el/es. Pans. France. 766.51.79 Data General Austral.. 103)89-0633.
General
Lida.. Costa Rica. Lain. Anoint, 22-79-42. Data General Middle East, Athens. IWert-. 95241557. 0 Data General
Corporals.. 1979.

The Data General Computer Express—A live product presentation
and demonstration— is coming to your area. Call your local Data General
sales office. Or call direct (617) 366-8911, ext. 4722 for details.
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213

For maximum warning and minimum size, you can't buy
abetter audio indicator than our new Series AI-250.
Features include Piezo transducer, P.C. PIN or flange
mounting, low power consumption, and a4KHz, 89 dbA
sound pressure rating at one foot. Get full details on
the AI-250 and our entire line of Audio Indicators
by contacting Projects Unlimited, Inc., 3680 Wyse
Road, Dayton, Ohio 45414.
Phone (513) 890-1918.
s..eep
TWX 810-450-2523.
•••

projects'
unlimited

OUR NEWEST
WARNING

New products/materials
room temperature, a dielectric constant of 4.0, and avolume resistivity
of 10 9 1
1-cm at room temperature. It
resists oils, solvents, and all acids
except hydrofluoric. The paste sells
for $40 aquart, and the 538-T thinner sells for $20 aquart. Delivery of
both is from stock.
Aremco Products Inc., P. 0. Box 429, Ossining, N. Y. 10562 [478]
Foam microwave absorbers are
backed with an electrically conductive coating, allowing application to
both nonconductive and conductive
surfaces. The three types of Eccosorb absorbers, ANP-ML-73, -74,
and -75, display a maximum power
reflectivity of —17 dB. Depending
on the type of material, the frequency range is 2.5 GHz to 12 GHz,
weight is from 0.16 lb/ft 2 to 0.50
lb/ft', and thickness is from / 6 to
1
3
/
1
6in. Standard sheets of the material are 2ft'.
The absorbers can be bonded to
metallic or nonmetallic surfaces with
Eccobond 87-H and can be easily cut
with an electric carving knife or scissors. Delivery is from stock
Emerson 8t Cuming Inc., Microwave Products Division, 59 Walpole St., Canton, Mass.
02021 [480]
7 1

Circle 214 on reader service card

Exclusive Sheldahl
FLECSW1TCH® kit
s
luile

Only slOw
With scissors, modify this .030
thick, non-tactile panel into a2-16
key, water and dust-resistant
switching module. Prototype kit
includes: design guidelines,
complete instructions, a
Sheldahl FLEXSWITCH®,
flexcircuit connector, press-on
nomenclature and RFQ checksheet. Available in production
quantities at reduced prices.
Pressure sensitive back.

Mail to: Sheldahl Electrical Products DMsion
P.O. Box 170, Northfield, MN 55057
Please send me
FLEXSWITCH kit(s). For each ordered
Ienclosed check or money order br $10.00.
Name
Title
Company
Address
City
State
Zip

ire]Shelclahl
214

Specify SvAtch bye:

shoe to got.rd

Crooft

A cyanoacrylate adhesive fuses to
almost any combination of materials
in 10 to 12 seconds, forming a
permanent bond. Developed for industrial use, AR-1776 is useful for
production assembly, prototype assembly, and field repairs. The onecomponent transparent material
does not require any surface preparation and is resistant to most chemicals, weather, and temperature.
Shelf life is six months.
AR-1776 has a viscosity of 75
centipoises, aspecific gravity of 1.06
at 25°C, and a melting point of
350°F. Tensile strength depends
strongly on the substrate to which
the material is bonded.
In quantities of 1to 24, the material sells for $6.40 in 1-oz bottles and
$63 in 1-lb bottles. For 25 bottles or
more, the price is $5.80 per 1
-oz
bottle and $59.50 per 1-lb bottle.
Formulated Resins Inc., P. O. Box 508,
Greenville, R. I. 02828 [475]
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672,000 BYTE

Odnte

x

TAPE DRIVE

FOR 3M DC100A
DATA CARTRIDGE
MODEL 200 MINIDRIVETm...
The most compact tape drive ever...
Large, up to 672,000 bytes capacity...
Recording on one or two tracks...
Read-after-write capability...
3M DC100A or ITC TC-150 Data Cartridge...
High transfer rate, up to 48,000 bits-persecond...
Low power requirements, + 5 and + 12
Volts DC only...
High electrical and mechanical reliability...
Flexible configurations range from basic
OEM building blocks to complete tape
memory systems...
Optional electronics and mounting
hardware...
From $250 in single unit quantities...
Contact us today for complete details...

Odntex

Division of
North Atlantic Industries
60 Plant Avenue, Hauppauge, NY 11787
(516) 582-6060 TVVX 510-227-9660

SEE US AT INTERFACE '79 - BOOTH #349

Circle 215 on reader service card

New literature
Rfi filters. "Corcom RFI Power Line
Filters," a24-page catalog, provides
a flow chart that shows how to
choose the correct filter for an application. Several series of filters are
g3(,)
RP POWER LINE FILTERS

Corcom, Inc.

2635 NORTH «DARE AvENUE. CeSCAGOTLUNOIS

presented in the catalog, each with
complete electrical and mechanical
specifications. Six pages discuss such
subjects as what radio-frequency
interference is, choosing an effective
filter, and testing for rfi susceptibility, rf emissions, and insertion loss.
International specifications are also
provided. Corcom Inc., 2635 North
Kildare Ave., Chicago, Ill. 60639.
Circle reader service number 421.
Miniature systems. A 112 -page
booklet gives information on SMA,
SMB, SMC, radio-frequency coaxial
connectors, miniature semirigid cable, coaxial-cable assemblies, and
hermetically sealed SMA mic launchers, plus aline of fiber-optic connectors and assemblies. Two additional
sections contain instructions for assembling connectors and engineering
data that include detailed line drawings. The devices are indexed by

Cablemase Systems

miniature systems products

11.R11.1111111MI
Ilel••••••••••••••
•••••••••••101.1116-1.111110»

product type. Cablewave Systems
Inc., 60 Dodge Ave., North Haven,
Conn. 06473 [422]
Winchester disk drives. "Who's Selling Rifles to the Indians?" describes
the evolution of the Winchester disk

The new way to do
Prom Programmin
Software Personality,n" E-H's
contribution to the science of
prom programming, makes
it possible for one smart
machine to handle all types
of EPROM's, current and contemplated, without the hassle
(and expense) of extra sockets
and personality boards. No
hardware. No hassles!
If you are working with
NMOS EPROMS—either in
development work or production—our new Software
Personality technique for
doing the programming will
save you money. And time.
And hassle.

Two keystrokes tells our
programmer which Software
Personality you want,
4K to32K
.up to 128K.
No personality boards. No
new sockets.
Our Flex-Pin Matrix Te lets us
control all device programming environments with
software. When you change
manufacturer or device
density, all you have to change
is the Software Personality.
Two keystrokes. Simple. Fast.
At no extra cost!
Also, features that are
expensive options on some
systems are included in ours.
At no extra cost. 2K x8RAM,
for instance. Extensive move,
list, and alter address
operations. Fully buffered and
powered-down (cold) sockets.
And an easy-to-use serial I/O
port to talk to other systems.

Save up to $1500!
Hardware Personality (Theirs)
Prom Programmer (Plus
accessories required.
about $4,000
Software Personality (Ours)
E-H Model 4Prom Programmer (no accessories
needed) ... $2,495*
Use coupon for free Cost
Comparison booklet.
Get all the facts on the new
E-H Software Personality
Programmers. Return the
coupon for the data sheets
and avery informative price
comparison of hardware and
software personalities in prom
programming. For immediate
information, please use our
hotline, (415) 834-3030.
Ask for Tina Bilhorn.

*U.S. domestic price only
Circle 217 on reader service card
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drive. Subtitled "A Winchester Disk
Drive Technology Primer," the
booklet also explains the differences
between Winchester disk-drive technology and the earlier disk-drive
technologies from which Winchester
evolved. A brief history traces the
development from IBM's Ramac
305 with 50 disks and 5 megabytes
of data storage. Improvements in
track and bit density and in diskdrive reliability are discussed. Priam
Corp., 20730 Valley Green Dr.,
Cupertino, Calif. 95014 [423]
Microcomputer products. The series
80 family of microcomputer products is discussed in aDatabook from
National Semiconductor. It includes
descriptions, photographs, and diagrams for six board-level computers,
three rack-mounted computer systems, and three prototyping systems,
all based on the 8080A microproces-

sor. More than 30 support products
are also described, including boards
with random-access memory, readonly memory or programmable
ROM, input/output expansion
boards, combination memory and
vo boards, analog uo boards,
peripheral controllers, and system
chassis and power supplies. National
Semiconductor Corp., C.P.G. Marketing Services, MS/10A190, 2900
Semiconductor Dr., Santa Clara,
Calif. 95051 [424]
Telecommunication statistics. The
sixth edition of "The Yearbook of
Common Carrier Telecommunication Statistics" is a compilation of
telecommunications information
gathered from 163 countries. Covering the years 1968 to 1977, this 351page yearbook includes such information as the number of automatic
main telephone stations, number of

The Model 16B, the only programmer
capable of doing data manipulation
and volume production. It programs
16 EPROMs in one operation. Before it
programs the devices, it checks them
for proper insertion, continuity, shorts,
and opens.

Telex connections, annual investments in telecommunication facilities, the gross domestic product, and
the ratio of investment to gross
domestic product. It sells for 42
Swiss francs and is available from
Sales Service, International Telecommunication Union, CH-I 211
Geneva 20, Switzerland.
Ceramic capacitors. A 32-page catalog covers awide range of monolithic
ceramic capacitors, including radiofrequency ceramic-chip capacitors,
multilayer ceramic capacitors, glasssealed multilayer ceramic capacitors,
and special products. Technical information and test and performance
specifications are also given, as are
detailed drawings with dimensions in
both English and metric units. The
catalog can be obtained from Centre
Engineering Inc., 2820 East College
Ave., State College, Pa. 16801 [426]

E-H International, Inc., 515 Eleventh Street, Oakland, CA 94607.
TWX (910) 366 7258
Please send data sheets on Model 4and the Model 168 Prom
Programmers—the new way to go. Also send your FREE booklet.
"Cost Comparison of Prom Programmers."
rldrm•
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Corupdny
Addir,s
Clty. Stalealg,

I'm in something of ahurry. Please have one of your sales offices
phone me at I

Stocked at Weatherford.

-2)

The Model 4, with its device
flexibility, low cost and small
size, make it ideal for both
software development and field
service applications. It includes
in-circuit emulation (ICE), an
important feature to enhance
your software development and
check-out capabilities.

IFI

Keep astep ahead of
the market place with atruly
full-function microcomputer

M200
mark if series

SMALL BUSINESS COMPUTERS

Si

• Z80 CPU •64K bytes RAM
• 350KB/700KB mini-floppy disk drives expandable to 1.4M bytes
• Two RS232C ports built-in • Extended BASIC Interpreter

,

Options
• Extended BASIC Compiler
• FORTRAN-IV Compiler
• COBOL Compiler

MAX

'MB

ee

Wn3
Mar\r'U,

• Visit us at Halle 18, Stand 1304 at the Hannover
Messe, April 18-26, 1979
• Visit us at Stand 907 at the EQUIPORAMA in
Aartselaar, Belgium March 16-22, 1979

•

Interested distributors and OEM's please contact our office.

SORD COMPUTER SYSTEMS, INC.
'soma No.2 Bldg., 4212 Nishi-Shinkoivva 4-chome,
Katsushika-ku, Tokyo, Japan 124 Phone: (03)696-6611
Telex: 2622393(SORD J) Cable:SORDCOMPSYS TOKYO

SORD U.S.A., INC.

111101111111mmil

Model
M203 MARK-II

41111m1Fisr..,,,

International Trade Center, 8300 NE Underground
Drive, Kansas City, Missouri 64161, U.S.A.
111111.1111MIIMIMminggiummeniesoiloi
M223 MARK-II
Phone:I8161454-6300 Telex:42204 ISORDUSAINC KSC)
Distributors
Europe:

Asia and Oceania:

COMPTRONI X AG
Horgen. Swot:eland
Phone 01/72504 10
Telex 58799ICPTX CM)
MITSUI & co. (AUSTRALIA)
Melbourne, Australia
Phone 60 1481(8
Telex 30245(MELMM AA)

LTD

GEPSI
Pans, France
Prone 233 61 14
Telex 220104ILORESOL FI

N.V. EGEMIN S,A
Be'porn
Phone: 1031145. 27.90
Telex: 32525 (EGEMIN 81

DECTRADE LIMITED
Nctongham, EnçOand
Phone 0601861.774
Telex 377678 IVIDEUR 0)

ECS DIVISION OF AIRSPARES INZ1 LTD
Palmerston North, New Zealand
Phone 77 ,107
Idea: 3766IAIFISPARE NZI

SAMF'0 CORPORATION
Taipei, Taiwan
Phone: 7712111, 7521311
Telex: 31108 ISEIVCO)

BANGKOk DOCUMENT CO., LTD.
Bangkok, Thailand
Phone: 2527506
Cable: DOCUMENT BANGKOK

AWILCO
Seensved, 011111/11rk
Phone 103/66 981:43, 66 9408
Telex 43574 IAWILCO OK)

Circle 218 on reader service card

Free Yourself

with our New Data Acquisition and Control System
Free yourself from the normal drudgery
of data logging, collection, reduction,
report preparation and control.
The NEW Fl Electronics Data
Acquisition and Control System
is a complete system that can
do it all. It can accept any kind
of signal, reduce the data
immediately, generate aconcise
report on the spot, and control
the process or experiment, all
from one loction. And it will
even do 3 color X-Y plotting.
For more information on our
new system call Ed Bollet
COLLECT at (707) 527-0410.
Fl ELECTRONICS, 968 Piner Rd., Santa Rosa, CA 95401
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Weston Trimmers.
The Weston cermet trimmer family can meet avariety of demanding applications with top performance ard unmatched versatility. Our newest model is
the 860 .... the first reasonab y-priced 1/4" square multiturn cermet trimmer.
It features 16 turns of adjustability, operating temperature range from
—55°C to +150°C and 1/4 watt power rating at 85°C.
The 860 relies on the same superior Weston technology that produced our
well-known 8:30, 840 and 85C trimmers. The 830, a 3/4" rectilinear model,
offers you 15 turns, while the 840 gives you one-turn adjustability in a /
square trimmer for smaller-size, single-turn applications. The 850 combines
the best of both models with 22 turns and a higher operating temperature
capability in a 3/
8" format. All Weston trimmers offer a choice of pin
configurations.
3 8 "

Whatever your need in trimmers
trimming potentiometers.

SANGAMO WESTON

Schlumberger
Electronics/March 15, 1979

insist on the Weston family of quality

I

WESTON COMPONENTS 8 CONTROLS
A Division of Sangamo Weston, Inc.
Archbald, Pa. 18403
Tel. (717) 876-1500
TWX 510-656-2902
Telex 83-1873

Circle 219 on reader service card
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The consequent pursuit of the principle of proximity focusing in image
converters lead to unique optoelectronic components offering new

UN/

VIS 4-1R

possibilities to research and development:

The 25 mm Proximity Focus Image Converter and Intensifier

PROXIFIERR
converts UV- and IR -images brilliantly sharp and free of
distortion into the visible range of the spectrum.

•

high quantum efficiency in the range 160 nm ...950 nm by the
use of S 20 -photocathodes on fused silica windows and by
field-enhanced emission in the IR

•

1: 1imaging with high contrast and absolutely free of distortion

•

high resolution and gain, both equal over the entire useful area

•

adjustable gain, in a single stage up to 300, in two stages up
to 30000

•

low noise

•

axial dimension 10 mm (single stage, unpotted)

More information about single- or two -stage PROXIFIERs, with or

PROXITRONIC
,
Fup.u9
PROXIMITY FOCUS OPTOELECTRONIC

without integrated power supply. is obtainable from

PROXITRONIC FUNK GmbH & Co. KG
D-6100 Darmstadt Kasinostr. 24 Tel. 061 51/894209 Telex 419 589
West-Germany

Circle 269 on reader service card

Volume
Eprom
Erasing
in
6.7
Minutes!

OMSI
PASCAL
Reliable, efficient production Pascal compiler
for the DEC POP-Il family, including the 151-1 I.

Full Language
All elements of Standard Pascal, including the capabilities
not found in student Pascals. Extensions for complete lowlevel control with direct memory and I/O device access,
embedded assembler code, FORTRAN procedure interface.

Production
Integrated with DEC operating systems (RSTS/E, RTI I, RSX, IAS).
Compatible with existing file structures, editors, and utilities.
Interactive symbolic Debugger with breakpoints and full trace.

Performance
Fast one-pass compiler runs in 16K words (32K8), translates
thousands of lines per minute. Produces compact PDP-I 1code
that runs circles around interpretive or threaded languages.

Proof
In production use since 1975 — now at more than
300 customer sites. Warranted for Iyear after purchase.
Write for information, demonstration, manuals, and benchmark

minicomputer
SORWEIF© inc.

2340 SW Canyon Road
Portland, Oregon 97201
(503) 226-7760
TWX 910-464-4779

DEC. POP RSTS. RT.11. RSX. AS. and LSI.11 are trademarks of Chiral Eq Corp

Introducing two new members in UVP's growing family
of MEMORASES Eprom Erasing Systems. Both offer
speed, reliability and outstanding performance.

For large capacity requirements, the C-90 will erase a
600 chip batch in under 7minutes. No preoperative
adjustments or tuning are needed. Simply load it, set
the timer, and forget it. It's that easy.
Model C-91 is geared for small systems users and
delivers fast, efficient operation at an affordable price. It
provides complete,thorough erasure of up to 96 chips
in one cycle in less than 7minutes.
Like all UVP products, each MEMORASE System is
quality built, and backed by nearly 50 years of UV
experience and technology.
Why settle for less? Call or write today for more
information.
New

from the research labs at UVP

ULTRA-VIOLET PRODUCTS, INC.R9°
5100 Walnut Grove Avenue, San Gabriel, CA 91778 U SA
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NO ONE EVER PRODUCED A
FULLY INTEGRATED DTMF RECEIVER
ON A MONOLITHIC CHIP...
UNTIL NOW.
Sticky one-of-a-kind problems are routine at SSi.
Although no one else had ever completely integrated a
DTMF receiver on asingle monolithic chip-that's what
the task called for, so that's what we did. Employing
state-of-the-art technology, we not only combined
analog and digital functions but also-for the first timefully integrated the necessary filters on the same CMOS
chip. We thereby produced aunique tone decoding IC
that can detect 12 or 16 standard digits without the need
for prefilters and ahost of other external components.*
At SSi, we offer all the capabilities required to
produce acustom IC circuit for your application.
Working from your design, our design, or in design
collaboration with you-we can deliver the custom
circuits you require in small runs or in large volume.
What's more, we help you select the most cost effective
technology for your application-TTL, Schottky TTL,
ECL, I
2L, Bipolar Linear, PMOS, CMOS, NMOS, etc.
We are not technology limited in our design thinking
or in our production.

BANDPASS
FILTER
BANKS

If you are using hybrids or have avo id edcus t
om
circuits in your application beca us eyou thi nkth at
custom IC's cannot be made to repl ace your com pl ex
circuitry, are not as reliable as yo ur proven ci
rcu it s,
are too expensive, or requi remass i
ve f
oll ow on
production orders-call SSi f
or a consu lti ng di scuss i
on.
Remember when you switch t
o f
ull i
nt
egra ti on it al
mos t
always means lower powe r,light er we i
ght, sma ll er si
ze ,
cheaper system costs, and grea t
er re li ability
and accuracy.
If you haven't taken the cus t
om IC st
epy
etb
uth
ave
been thinking about it, ca ll Ji m M eyer f
or a persona l
discussion of your application. Or se ndf
or our
capabilities brochure today.
Silicon Systems incorporated, 16692 Hal
e Avenue ,
Irvine, California 92714. Phone (714) 979-0941.
TWX 910-595-2809
*(Described in the paper "A Monolithic Dual-Tone Multifrequency Rece i
ver WAM2.6" presented by SSi at the February 1979 Internati ona lSo lid St at
e
Circuits Conference.)
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Silicon Systems
incorporated
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Cl assified

section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES
Atlanta
Boston
Chicago ..

404/892-2868
Jim McClure 617/262-1160
Bill Higgens 312/751-3733

Sales Manager—Mary Ellen Kearns-212/997-3308
Cleveland
Dallas
Denver
Detroit

Mac Huestis
Mike Taylor
Shirley Klotz
Mac Huestis

216/781-7000
214/742-1747 Houston
303/837-1010 Los Anoeles
313/873-7410 New York

Mike Taylor 713/659-8381
Ana Galaz
213/487-1160
Larry Kelly .212/997-3594

Philadelphia .. Dan Ferro .. 215/568-6161
Pittsburgh .. .
Dan Ferro
412/391-1314
San Francisco Peter McGraw 415/362-4600
Stamford
William Eydt 203/359-2860

Van Berkel's Patent is een
vooraanstaand producent van kwalitatief
hoogwaardige- en technisch geavanceerde
weeg- en etiketteerapparatuur, snijmachines
en koelmeubelen met wereldwijd gespreide
ontwikkelings-, produktie-, verkoop- en
service activiteiten.
Binnen de Berkel organisatie, welke is opgesplitst in produktgroepen is
de afdeling Research and Development verantwoordelijk voor de ontwikkeling
van produkten en technologieën. Deze ontwikkelingswerkzaamheden worden
uitgevoerd in een projectgerichte, recentelijk ingevoerde matrix-organisatie.
Voor de centrale R&D afdeling te Leidschendam, voorstad van Den Haag,
Nederland, zoeken wij thans

ervaren
project managers
welke voor de produktgroepen,
— elektronische toonbankschalen & etiketteerapparatuur
— industriële weegapparatuur en -systemen,
de verantwoording dragen van aile "design".
Zij zullen daarbij rechtstreeks aan de directeur R&D rapporteren en samenwerken met afdelingshoofden met wie zij in de organisatie op één lijn staan.
Een ingenieursopleiding (TH) elektronika, alsmede een zeer ruime ervaring
in projectmanagement in een vergelijkbare industrie zijn voor deze functie
vereist. Een goede beheersing van de Engelse taal is noodzakelijk, terwijI
ook de Duitse taal geen problemen mag opleveren.
Kandidaten moeten in staat zijn ontwikkelingswerkzaamheden in
verschillende landen op efficiënte wijze te coórdineren. Zij moeten daartoe
tevens bereid zijn in voorkomende gevallen buitenlandse vestigingen te
bezoeken.
Uw schriftelijke sollicitatie met curriculum vitae en met opgave van
huidig salaris kunt u richten aan de directeur R & D, postbus 20,
2260 AA Leidschendam, Nederland. Interviews kunnen worden gehouden
op onze vestiging in Laporte, Indiana, USA. Reiskosten worden
vanzelfsprekend vergoed, evenals verhuiskosten bij indiensttreding.

BERKEL M & D B.V.
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The ITT LSI Systems Support Center is working on some very
exciting projects. In fact, the work is so proprietary and advanced
we can't give you specifics.
We can, however, tell you that our small, high-caliber staff
is tackling the more complex LSI design problems for telecommunications, space, defense, commercial, industrial, and
automotive product areas throughout International Telephone
and Telegraph Corporation.
We can also tell you that you'll work in an informal, stimulating
atmosphere. Enjoy direct exposure to every phase of LSI design
and development. And have the opportunity to make the most
of your versatility, creativity and imagination.

SHHHHH ...
This spring we'll be moving into new quarters in Milford,
Connecticut, where we'll have 20,000 square feet all to ourselves
and the latest resources at our command — including digital
and linear test systems, SEM for failure analysis, environmental
test equipment, computer and graphics systems ... and
state-of-the-art wafer fabrication facilities at ITT's nearby
Corporate Technology Center.
Off-the-job, you'll enjoy the best in Connecticut living,
in alocation close to Long Island Sound and New Haven,
and almost midway between New York and Boston.
So let's hear from you. Particularly if you're unusually
talented. And can keep asecret.
We have opportunities at various levels for:

•Process & Device Specialists
•LSI and VLSI Design Engineers
•Linear Designers
•LSI Layout Designers
•LSI Applications Engineers
•Digital & Linear Test Engineers
•Reliability & Quality Engineers
Call collect to arrange interview: (203) 348-8855,
Monroe Weiant, Assistant Director — Operations.
Or send resume including salary history in confidence
to Mr. Eugene Edwards, Caller Service 1-14, Milford, Conn. 06460

ITT

LSI SYSTEMS
SUPPORT CENTER

An Equal Opportunity Employer, M/F
Electronics/March 15

1979
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The.
ulcers

Engineering

challenge...
research...
discovery...
...it's the world of ECM.

It's our world here at Northrop Defense Systems Division.
And it's aworld to which you should aspire.
If you're intrigued and inspired by the new, the innovative,
the state-of-the-art. . . you'll want to know that we at
Northrop have committed ourselves to these ideals for the
past twenty-five years. They've led us to our position as arenowned leader in the research, design and manufacture of
sophisticated electronic countermeasure (ECM) systems.
By maintaining an environment that encourages creative
freedom, coupled with our consistent procurement of longterm contracts and outstanding financial compensation —
we've succeeded in building one of the finest engineering
teams in the world.
But we need YOU. If you're trained and experienced in one
of the following areas, investigate the potential at Northrop:

ENGINEERS
PRODUCT
ASSURANCE

DESIGN
SOFTWARE

RELIABILITY
MAINTAINABILITY

ENGINEERS
ANALYSTS
PROGRAMMERS

AUTOMATIC
TEST
ENGINEERS

SYSTEMS
SENIOR ENGINEERS
PROJECT ENGINEERS
ENGINEERS

DIGITAL TEST
ANALOG TEST
RF (MICROWAVE TEST)

We offer outstanding compensation packages
including complete benefits, unlimited growth
potential and the opportunity to combine the
career of alifetime with off-hours enjoyment in
Chicago, one of the most exciting, culturally alive and highly liveable areas in the nation. For
further information, please forward your resume stating salary history and requirements, in
confidence, to:
Employment Manager, Dept E379

NORTHROP CORPORATION
Defense Systems Division
600 Hicks Rd., Rolling Meadows, IL 60008
an equal opportunity employer m/f
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Systems Engrs.
Data Processing
Electronics
Salaries to $46.000

Manufacturing Ens.

ECM Engrs.
Tool Design Ens.
Air Traffic Contr!.Syst. Engrs.
Rotating Devices Engrs.
Thermometric Engrs.
Digital CKT Design Engrs.
Power Systems Engrs.
Sr. Military Systems Engrs.
Field Engrs.(Electronic Equip.
Digital Systems Boys.
Production Control
Programmers/Mgrs.
OA and/or OC Engrs.
Technicians
Companies Assume Our Fees.
Submit Resume, Call or Visit
THE ENGINEERS INDEX
133 Federal Street, Suite 701
Boston, Massachusetts 02110
Telephone 16171482-2800

•

POSITIONS VACANT

Electrical Engineer/Instructor —
Qualifications: Electrical Engineer,
Bachelor's Degree. Master's Degree
preferred. Three years of applied
experience in the design or application of engineering principles on
electronic equipment or equal. Solid
state and computer background as
they relate to the communications
field is desirable. Salary range: depending
upon
training
and
experience. To apply send resume.
transcripts and salary requirements
in confidence to: Edward R.
Maclosky. Springfield Technical Community College. One Armory Square,
Springfield, NIA 01105. An Equal Opportunity Employer.

Applicants are invited for a faculty
position in The Electrical Engineering
Dept. at South Dakota State
University. Brookings. SD to begin
Aug. 16. 1979. Rank and salary are
commensurate with background and
ability. Acceptance of applications
until position is filled. Contact Dr. V.
Ellerbruch Head, or call 605-6884526. An equal opportunity/affirmative action employer.

Anticipated faculty position in
Bachelor of Technology Program Fall
1979. Teach courses in areas of
digital electronics micro-processors.
and computer interfacing. Ph.D. required for assistant professor appointment: industrial and teaching
experience desired. Send resumes
to: Dr. George DePuy, Director of
Technology Programs. School of
General Studies, SUNY-Binghamton,
Binghamton. New York 13901. An
equal opportunity employer.

Electronics/March 15, 1979

You'll make the
right connections
at
LEF1KURT

San Francisco Peninsula

Join a people-oriented TELECOMMUNICATIONS Company that is not only
stable, but also growing rapidly to meet
the expanding demand for a variety of
communications systems.
Our customers depend on us for excellence in design, manufacture,
and service of sophisticated video, voice and data communication
systems. We offer a rewarding career, excellent advancement potential,
interface with knowledgeable professionals.

DEVELOPMENT
ENGINEERS

MICROPROCESSOR
SOFTWARE ENGINEERING

Electrical Engineers at all levels for
projects in subscriber carriers, signalling and VF equipment design, PCM
carrier and switching as well as digital
microwave radio. Experience in either
linear, digital or microprocessor control circuit design.

POWER ELECTRONICS
ENGINEER

For a Stored Program Digital Telecommunications Switching System.
Should have a BS or MS degree in one
or more of the following areas: Telephone Call Processing, Structured
Software Design, Real Time Systems
Design, Systems Diagnostics, PL/M.

Position requires a BSEE with 2.5
years experience in power electronics
and power processing. Knowledge of
solid state components, power electronic circuits and power magnetics
is required.

PCM DEVELOPMENT
ENGINEER

APPLICATION ENGINEER

As a key member of a product development team, you will have significant
responsibilities for system and circuit
design of high bit rate PCM equipment.
This equipment will utilize State-of
the-Art techniques including high
speed digital circuits and microprocessors, and will be used with fiber
optic and microwave radio systems.
Applicants should have a minimum of
4 years digital design experience, preferably including ECL, and a BSEE
degree. A background in PCM telecommunications equipment design
is desirable.

PCM TERMINALS
ENGINEERS
Responsible for circuit design of PCM
voice/data channel bank equipment
from concept to factory production.
Position requires BSEE degree and
experience in analog design. Prefer
some digital experience or desire to
learn digital design. Openings at all
skill levels.

Responsible for analyzing customer
orders and determining exact detailed
requirements. This requires performing
varying amounts of System Engineering, scheduling, contract interpretation and direct customer or sales contact plus factory support. Must have
prior technical experience in 1or more
of the following areas: microwave
radio, multiplex, supervisory and control and switching systems.

MICROWAVE
TRANSMISSION
ENGINEER
Utilize topographic and other maps
to select radio repeater sites, determine tower heights and antenna equipment needed to meet customers communications requirements. You will
also calculate system noise performance,
predict
radio
propagation
reliaDility and analyze potential microwave interference situations. BSEE
or equivalent degree and experience
required.

GTE Lenkurl offers excellent salaries and a comprehensive
benefits package including, Paid Vacations and 11 Paid
Holidays; Medical/Dental/Life/Disability Insurance; Stock
Purchase; Savings & investment Program; 100% Tuition
Refund; Pension Plan; Employee Store and Credit Union,
and Relocation Assistance We are an Equal Opportunity/
Affirmative Action Employer.
Please send your resume or a brief letter outlining your
qualifications to DICK NELSON, Employment Manager, GTE
Lenkurt, 1105 County Road, San Carlos, CA 94070.
(415)595-3000.

Electronics/March 15, 1979

CUSTOM IC
DEVELOPMENT
ENGINEERS &
DESIGNERS
BS/MS or PhD in Electrical Engineering
to develop custom integrated circuits
in Bipolar and N-Mos technologies.
Analog and/or digital design and computer simulation desirable. Willing to
train Engineer with solid experience in
discrete circuit design. You will have
full responsibility for the development
of your telecommunication circuit.
Need Electrical Engineer to generate IC
modeling test pattern and to develop
automatic programs for high speed
test systems. Solid background in
linear or digital circuit analysis and
aptitude in programming required.
Programmer or IC Designer to develop
and maintain IC layout design rules
and to generate software programs for
digitizing and mask design.

EQUIPMENT
MECHANICAL/
PC DESIGNERS
Must have knowledge of electromechanical packaging and/or printed
circuit board layout for proprietary
products. No degree necessary.

CEO LEF1KURT

A Part of General Telephone Et Electronics Corporation
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FRESH
IDEAS
IN DIGITAL COMMUNICATIONS

ARE WHAT WE'RE ALL ABOUT...
If you are a digital engineer with
a desire to work with other
innovative and imaginative
professionals in advanced
digital technology, you should
investigate opportunities of
uncommon potential with us.
We're Digital Communications

Corporation, a worldwide leader
in digital communications, and
we seek engineers who want to
expand their professional
horizons working in the most
advanced digital technology
available anywhere.

POSITION VACANT

Electrical Engineer Instructor —
Qualifications: Electrical Engineer.
Bachelor's Degree. Master's Degree
preferred. Three years of applied
experience in the application. design
or maintenance of electrical power.
Control equipment. motor controls.
or similar current consuming devices
is required. Solid state and logic
systems as they apply to electrical
controls are desirable. Salary range:
depending upon training and
experience. To apply send resume,
transcripts and salary requirements
in confidence to: Edward R.
Maclosky. Springfield Technical Community College, One Armory Square,
Springfield, NIA 01105. An Equal Opportunity Employer.

DIGITAL LOGIC 7JESIGNERS
You need experience in
complex logic design including
mini-computer interfaces.

commurricAnoNs
You need at least 3years
experience in communications
systems analysis and design of
terrestrial and satellite networks
with familiarity in at least two of
these areas: network design and
organization; traffic engineering;
switching; modulation 8f. multiple
access techniques and system

EMPLOYMENT SERVICES

Experience with POP 11 35
computer desirable. BSEE
required (MS preferred).

Electronic engineering growth positions with clients located nationally
Our service is enhanced by the fact
that Iam an EE with 20 years in industry and over 10 years in placing
professionals on an employer fee
paid basis. Send your resume to Joe
Torcassi. Director. J. Anthony &
Associates.
PO
Drawer
AD.
Lynchburg, OH 45142. 513/3642305.

SYSTEMS ENGINEERS
economic tradeoffs. Your work
will involve design, analysis and
specification of new
communications networks,
performing systems studies,
computer simulations and field
evaluation to optimize system
parameters. MSEE desired.

POSITIONS WANTED

RESEARCH SR. MEMBER TECHNICAL STAFF
You will perform analysis of
communications systems and
techniques and direct programs
leading to new products. You will
report to the V.P., Research, Ph.D.

Design Engineering CREI student;
High grades. Experienced. Resume
on request. Box 3577. Boulder. CO
80307.

required, major in EE, physics or
mathematics with a minimum of
10 years experience in these
areas.

SCHOOLS

RESEARCH MEMBER, TECHNICAL STAFF
You will implement and analyze
new signal processing
techniques leading to new
product development. You need
a MS (Ph.D. preferred) with

experience and educational
background in signal processing
techniques, communications
theory and communications
systems analysis.

MODEM ENGINEERS
You need a knowledge of
design, implementation and test
of coherent PSK modems, and

your background should include
IF and RF design, 1-3 years
experience and a BSEE.

We are located in a pleasant
Maryland suburb close to the
Nation's Capital with five major
universities, and your choice of
city, suburban, mountain or
water living.

J.E. GLAZE
(301) 840-3487

If any of these positions sounds
like the fresh opportunity you seek
in digital communications,
please send your resume
including salary history in
confidence or call COLLECT to:
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World Open University—A NonResident Graduate School—Division
of Electrical. Electronics & Computer
Engineering offers full graduate
courses in areas: Applied Mathematics & Physics: Electronics
Engineering; Electrical Circuits; Computers & Advanced Programming;
Communications Systems; Control
Systems; Energy-Power Systems:
Nondestructive Testing—leading to
MS., Ph.D., Sc.D., Eng.D., Tech. D.—
guided by full professors having a
series of original contributions to
inter-national learned societies.
Request complete information to
WOU, PO Box 5505, Orange, CA
92667, USA, enclosing $5 in US. or
US $7 outside of US, for airmailing.
Self-authored original paper reprints
from national learned societies may
get proper credits. WOU is racially
nondiscriminatory. To mention
Electronics in request.

rre)
DIGITAL COMMUNICATIONS CORPORATION
19 First!leld Rood. Gaithersburg. Mary4and 20760

BUSINESS OPPORTUNITIES

Excellence In lelecommunicallons Engineering
A MA

COM Company

An kAn. Oopo,Ar.o iMpkrAe

How To Earn Money As AConsultant
including specimen contracts) $31
Business Psychology Intl 890/44
National Press Bldg Washington,
DC 20045
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"Major new
contract awards
will keep our
engineers In
the forefront of
radar systems
technology for
years to come:'
James Alimena, VP-PRODUCT ENGINEERING

"Norden Systems continues to lead the field in winning
major long-term military contracts. For instance,
RGWS and AEWS for the Navy and TAWDS for the Air
Force. And we were selected to modify and update
radar systems for the B-52—which is bringing involvement with the latest technological developments
including 'side-looking' radar. We're also implementing advanced concepts in such fields as synthetic
aperture radar and high-speed programmable digital
signal and data processors. And several of our projects
are integral parts of a larger program focusing on
next-generation electronic countermeasures.
"Our impressive record in radar development is
matched by our extensive contract performance in
other military areas involving data, display, and navigation systems. We offer engineers the chance to make
a personal impact on every phase of a project—from
concept and proposal through delivery. Personal and
professional development is further enhanced by our
association with United Technologies—a corporation
whose R&D investment exceeds $1 million per day. And
our own expansion, of course, will continue to open
up higher level positions for ambitious engineers."

Openings at Norden Systems—
Melville, Long Island,
and Norden Systems—
Norwalk, Connecticut for:
• Radar Systems Engineers
• Radar Signal Processing Design Engineers
• Microwave Design Engineers
• Receiver Design Engineers
• Command & Control System Engineers
• Fire Control System Engineers
• Ship Combat Systems Engineers
• Real Time Software System Designers
• Real Time Software Programmers
• Sr. Mechanical Design Engineers
• Power Supply Design Engineers
• Sonar Systems Engineers
• ECM/Radar Engineers
• Test Equipment Design Engineers
• Hybrid Development Engineers
• Digital Design Engineers
• EMI Engineers
• Computer Architects & Designers

"If you are interested in the kind of opportunity
we offer, and would like more details, you can
reach me or an appropriate member of my staff
by calling James E. Fitzgerald COLLECT
at (203) 852-5408."
Or you may send your resume including salary
history to Mr. James E. Fitzgerald,
Norden Systems, Inc., United Technologies
Corporation, 308 Norden Place, Norwalk,
Connecticut 06856.

• Display Systems Engineers

The military systems house.

NORDEN ti
e
v
/
t
i
rSubsidiarY°f
UNITED
SYSTEMS
TECHNOLOGIES
An Equal Opportunity Employer
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Mfg", galen flu!!
Ideas Up Against
Our Best in EIN/ECtà Systems.
We work on the leading e dge of EW and ECM
systems, an d our success is measured by the major
progra ms in house vvith production follow-on to
provide systems operating capability through the
year 2000. If you are an innovative Microprocessor
or E W Software Engineer we challenge yo uto
work in the development of multifunction
distributed microprocessors.
These positions range from Member o fthe
Technical Staff to Senior Scien tist with salaries to
000.
$35,
lding
Fi
n d out mote t
abo ut the challenges wa i
ti
ng
for you
at AMECOM.
e e send your resume incu
salaryhistory, or better yet, call COLLECT to..
Philip T. Foster
(301) 864-5600
AMEC OM

also has openings for
ee rs at our
Telecommunications and RF Eng in
College Park headquarters. We are located
tion's
in a
pleasant Maryland subu rb close to the Na
cap i
ta l
with your choice of city ,suburban,
waterfront or country living.
Anlecom Division
ImITION
SYSTEMS, INC.
5115 Calvert Rd., College Park, Md. 20740
An Equal Opportunity Employer M/F/

ENGINEERS
ELECTRONIC ENGINEERS
Move to Sunny Houston
Rapidly growing southwest Houston
electronic medical instrument manufac
turer with excellent work environment
benefits and competitive salaries has open
'rigs for two electronic engineers Both
positions offer excellent opportunities for
advancement and professional growth.

Design Electronics Engineer

Ideal candidate will have extensive
experience designing and documenting
small hybrid analog/digital medical instru
ments for production Previous design
involving low level analog circuits amust

Sustaining Electronic Engineer

Degreed candidate must have experience
as sustaining or production engineer for
electronics instrument company Complete
understanding of TTL logic and analog
design with ability to write required

Call or send Andrew C. Kyle
resume to
Life-Tech Instruments, Inc.
P.O. Box 36221
Houston, TX 77036
713-783-6490
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ENGINEERS

CORPORATE RECRUITERS serves
leading Electronic/Electrical industries nationwide. Our current require
ments include .
R&D Lab Mgr./Microproc.
Microprocessor Des
Digital Des/Controls
I.C. Design
Power Equip. Des.
Entry/Sprg. Grads.

32K
22-30K
23-32K
19-27K
25K
18-21K

Send resume w salary data to CORPORATE RECRUITERS, 525 Omaha
Tower. 2120 S. 72nd, Omaha, NE
68124, 402/393-5515

Engineers—SE Locations, Process,
Powerlight. Software, Hardware,
Systems, Instrumentation, Facilities.
Fee Paid, No Contracts. 12 yrs.
experience
Beall Associates
P.O. Box 5042
Spartanburg, S.C. 29304

FLIGHT TEST \
DATA SYSTEMS}

McDonnell Aircraft
Company has immediate
openings in Flight Test Data
Systems associated with the
collection processing and
presentation of Flight Test
Data.

PutYour

liE

(

t.ike ads intage of the most Indhodualrzed

'oh search m the Engineering field today
i'ou pay absolutely NO FEE for our local or
nitionwide service Forward your resume in

• Technical Specialist -To direct the software
development of
minicomputer systems.
M.S. in computer science
with E.E. basis.
Familiarity with
minicomputer operating
systems, assemblers, and
source file management,
and the ability to deal
with system hardware as
well as software are
required.
• Senior Programmer
and Programmer — To

write or direct the writing
of minicomputer
applications for Raytheon
RDS-500, Data General
Nova and H.P. Scientific
Minicomputers.
Experience with aforementioned systems is
desirable but not
required. M.S. or B.S. in
E.E., Computer Science
major. 3-5 years
experience in
minicomputer
programming preferred.
Please send your resume in
confidence to:
W. B. Kellenberger
Section Manager,
Professional Employment
I62-2A)
Department E-03
P.O. Box 516
St. Louis, Missouri 63166

confidence to
ENGINEERING SEARCH

\.."

CeONIMIL

••

3152 Linwood Ave Cinti On 45208
all re dies answered
NATIONWIDE ELECTRONICS

PLACEMENT

Immiimmi.-

—Amu

Digital Ckt Dsgn •Hardware Sys Dsgn
Analog Ckt Dsgn •Software Sys Dsgn
Quality Reliability •Test Equipment Mtnce
Entry Level through Management
All Fees are Exclusively Employer Paid
Resume Format Guide
Available Upon Request
E. J. STEPHEN ASSOCIATES
Tri State Mall, Claymont, DE 19701
13021 798 6861

DESIGN ENG.
New Products. E/M Devices $25 K
Pathfinder
P.O. Box 447
Commack, NY 11725
Engineering Recruitment

We have immediate openings with
the most progressive clients in the
Southeast and nationally for E.E.'s
with Data Processing background
involved in the computer field. Send
resume to: Continental Personnel,
Inc., P.O. Box 11321, Charlotte, NC
28220. 704 525-2160.

Nationwide
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Build Your Career in the Stimulating Environment of aMulti-Discipline Research Center

E!E

Borg Warner today is much more than a supplier of
quality automotive components and systems. We're
putting new emphasis on electronics, including microprocessors—to meet industry's increasingly demanding requirements.
Back of this focus on new-product development is
our Roy C. Ingersoll Research Center —which brings
new technologies to our increasingly diversified company and provides strategic support for our basic
technologies. The work of the Center has the strong
support of top management, with a new building now
under construction that will add 30% to our floor space.
You can join a staff of over 125 professional applied
researchers, including about 40 PhD's. You will work in
small groups, have much freedon to be creative, and
share the challenges and rewards of a successoriented organization.

MICROCOMPUTER APPLICATIONS
Project Engineer to Group Manager
Projects include electro -hydraulic transmission controls, remote telemetry applications, and control of
variable-speed drives. You should have a strong background in software, hardware, and interfacing of micro
or minicomputers to real-time systems. Future Corporate-wide programs are envisioned, limited only by the
drive and talent of the group.

POWER ELECTRONICS
Project Engineer to Group Leader

You'll work on programs in variable-frequency
drives, electric and hybrid vehicle control, and electromechanical energy conversion as applied to actuators
and transducers. Your background must include
experience in power electronic and control circuit
design, system analysis, and system simulation.

:EE

Positions are in Des Plaines, Illinois, a Chicago suburb.
You're close to all of Chicago's major universities and
you can take advantage of the area's extensive recreational and cultural activities. Excellent starting salaries
along with outstanding fringe benefits, including paid
relocation. Please send resume with salary history, in
confidence, to: C. C. Robinson, Manager of Employee
Relations.

qE
EEE

BORG WARNER CORPORATION

BORG

Roy C. Ingersoll Research Center
Wolf and
Algonquin Roads
Des Plaines
Illinois 60018

INARNER

An Equal Opportunity Employer M/F

FROM PLYMOUTH
TO POLARIS.
ELECTRONIC ENGINEERS
ELECTRONICS ENGINEERS, $15,000445,000. Choice entry-level to
management positions immediately available in Pennsylvania &
national locations. We have been placing electronics engineers
for more than 14 years, and have established contacts with many
of the leading companies in the nation. Reply in strict confidence
to J. G. Weir, President, WEIR PERSONNEL SERVICES, 535 Court
St., Reading, PA 19603 (215/376.8486).
ENGINEERS, $15K-$40K. West Coast & nationwide positions entry
level thru mgmt. Design, Inst., Application, test, etc. Reply in
confidence. Call or send resume to GLENN ENGLISH AGENCY,
7840 Mission Center Ct., San Diego, CA 92108 (714/291-9220).
ENGINEERS, $17,000-$35,000+. We have access to hundreds of
positions. Openings in design, applications, systems. Reply in
strict confidence to Phil Riddick, RIDDICK ASSOCIATES, 9 Koger
Center, Norfolk, VA 23502 (804/461.3994).
BSEE/ELECTRONIC DESIGN ENGINEERS, $15,000-$35,000. Immediate, desirable upstate New York 8. nationwide. Junior to senior
project management. In confidence send resume or call James F.
Corby, President, NORMILE PERSONNEL ASSOC., INC., 5 Leroy
St., Box 110 Westview Station, Binghamton, NY 13905 (607/
723.5377).
DESIGN ENGINEERS to $30K. Central Penna. Design connectors/
terminals,
E/M components. Outstanding relocation package.
Prompt confidential
reply. MECK ASSOC.
PERSONNEL, 1517
Cedar Cliff. Camp Hill, PA 17011 (717/761-4777).
ELECTRONIC ENGINEERS: Many openings in Colorado and Western U.S. for BSEEs experienced in hardware and software microprocessor, digital, analog design. RECRUITING SERVICES, INC.,
1430 Larimer St., Denver, CO 80202.

O

NATIONAL
PERSONNEL
CONSULTANTS

DRC. Solidly established as the area's rich
history. Forward-looking as the new space
age. Our success in systems guidance/planning means opportunity for you. New England
means a real home.

• TEST ENGINEER INERTIAL COMPONENTS
Design and direct test programs on inertial
components

• WEAPONS SYSTEMS ENGINEER

Develop and apply new analytic tools in the
areas of manpower and life cycle costs for
large scale weapons systems. Manage an
engineering staff and maintain customer
contact.

• SENIOR ENGINEER AVIONICS

Engineering evaluation, program planning
and customer interface in support of major
avionics equipment programs.

• ENGINEER. GUIDANCE SYSTEMS
Lead in the analysis of
performance data.

guidance

system

• INERTIAL SYSTEMS COMPONENTS ENGINEER
Perform engineering studies on inertial
systems and components.
Qualified interested candidates are invited
to submit a resume, including salary requirements, to Mr. Jack Kelly. Dept. 226-E, at the
address below.

DYNAMICS RESEARCH CORPORATION
60 Concord St., Wilmington, MA 01887
An equal opportunity employer
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FLIGHT TEST
ENGINEERS

Eiigi ulcers Prinzramnici,

ENGINEERS AND
PROGRAMMERS
GROW NEAR SAN
FRANCISCO

McDonnell Aircraft Company has immediate openings
for engineers experienced in Flight Test data systems
opportunities include development,
operation and support of Flight Test data systems on
F-15, F-18, AV-8 and advanced aircraft projects in one
or more of the following applications.
• Mini-Computer Technology
• Computer Programming
• Flight Test Data Assessment
• System Design

Back in 1973, when we started, sales of Triad computer
systems were only $200,000. Last year we sold nearly S15
million worth of systems, and next year we'll deliver
even more. You may find it hard to believe, but we've grown
to only 280 employees! Now we need afew more.

• Airborne Instrumentation
• Installation Design — Electrical & Mechanical
• Electronic Circuit Design
• Micro-Processor Technology
Please send your resume in confidence to.
W. B. Kellenberger, Section Manager
Professional Employment
Department E-02 • P. 0 Box 516
St. Louis, Missouri 63166

10.8

Sales
(S millions)

/

70
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An Equal Opportunity Employer
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Fiscal Year

As aTriad employee in our new Sunnyvale headquarters on
the. San Francisco Peninsula, you'll be part of the leading
supplier of turnkey, on-line multi-terminal computer
systems for anumber of distribution industries.
Triad needs engineers and programmers to design computer systems, including CPUs, interfaces, controllers,
terminals, and systems and applications programs. Projects
involve conception, specification, development, generation
of final documentation and training manufacturing, field
service and sales personnel. Positions are available for
both experienced professionals and recent college graduates.
Consider your growth opportunities. Consider the
excitement of being part of an industry-leading computer
systems company. Consider living in, and exploring, this
beautiful part of America. Send your resume to Don
Ruder, Vice President of Engineering, Triad Systems Corporation, 115 Independence Drive, Menlo Park, CA 94025.
We are an equal opportunity employer.

TRIAD
Systems Corporation

NOW IS THE TIME ... TO HIRE
ASTUDENT THIS SUMMER.
First, it's later than you think,
with schools closing on different
semester schedules, and students torn between lining-up
"sure" jobs now or gambling
that something in their chosen
field will come along later.
Second, and most important,
it's in our industry's best interest to encourage and hold
its life-blood by providing practical experience in their future
profession.
And, since there'll always be
more applicants than openings,
you'll be able to select the cream
of the crop, then evaluate them

with an eye towards hiring, when
as coveted graduates, the job
market might be in their favor.
Because we believe this program is of mutual benefit to
both employer and employee
alike, we again offer our services as aclearing-house.
Just fill out and return the
coupon below, and we'll include
your organization in a free listing to be sent to Placement
Directors and Department Heads
at leading colleges and universities across the nation.
They'll post it, and the students
will contact you directly.

Free summer help listing
MAIL TO: ELECTRONICS/POST OFFICE BOX SOO NEW YORK NY 10020
NAME/TITLE tor individual to be contacted'
ADDRESS: (Mailing address of your personnel office)
ORGANIZATION: Firm, Company, Government Agency or Institution
TYPE AND NUMBER or STUDENTS SOUGHT: Electronics
•
; Technician
•

Computer Science

prj

Avionics

Other: (Draftsman, etc.,

fill 1

3/12/79

•

Note Last date coupons can be accepted for this year's student mailings is
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rRD Electronics Division
-

HIT A NEW
CAREER
HIGH!

PRD Electronics Division, the world leader in
Automatic Test Equipment, needs MORE versatile and imaginative hardwaresoftware engineers
to maintain its outstanding growth record and
peak systems performance.
In fact, we support more than BO°. of all new military aircraft
and are currently developing an entire new generation of Automatic Testing Equipment systems which are giving PRD a depth
and breadth of knowledge no other company in ATE can match.
We want to retain our leadership position and reputation for quality, obviously, and to do so we have an immediate need for additional skilled engineering professionals.

SEMICONDUCTOR
TECHNOLOGIST
LSI/VLSI

These Are Among Present Opportunities
to Give Your Future Security and Potential:

PROJECT ENGINEERS (Software)

Sperry Univac, a leader in the computer
industry has an immediate requirement
for a semiconductor technologist. The
successful candidate will plan and investigate technologies for the design of
very large scale integrated circuits for
use in future computing systems.

Lead technical teams to define hardware and interface
requirements with advanced ATE systems as well as computer based processing and control systems. Familiar with the
disciplines of software development, language standardization, compiler throughput and on system operating systems
capable of conceptual design. BSEE/Physics/Comp. Sci.,
Adv. Degree desirable.

SENIOR ENGINEER (Software)

Responsible for detail design of programs and subsequent
systems integration. Capable of working from overall software
specifications into systems analysis and subsequent coding
conversions. Experience with mini-base systems as well as
mircoprocessor designs and applications. Comp. Sci., Adv.
Degree desirable.

Research disciplines will include both
Silicone and Gallium Arsenide materials,
multilayer metalization systems, operation at cryogenic temperatures, submicron lithography, and design automation considerations.

PROGRAMMER ANALYST

Capable of working from conceptual specifications to the
establishment of design to software specifications. Primary
area is the expansion of computer systems technology to
automatic programming aspects as well as program validation. BS Comp. Sci. required.

Applicants should possess an MS or PhD
in Physics, or a related field and should
have a thorough familiarization with
device physics.

TEST PROGRAM ENGINEERS

Translate circuit operation in computer programs for automatic fault detection and isolation. Experience in design and
analysis, digital/analog. R/F and micro-processor applications
with BSEE or equivalent desirable

Interested candidates please reply with
a detailed resume, Including salary requirements to R.A. Pagano, Sperry
Univac, P.O. Box 500, Blue Bell, Po.
19424. Sperry Univac is a division of
Sperry Rand Corporation.

PROJECT ENGINEERS
SENIOR ENGINEERS
(Analog, Video)

BSEE, 3-10 years hands-on design experience in current Analog and Video signal processing technologies. Heavy emphasis on synthesizer and wide bank op amp applications.

PROJECT ENGINEERS
SENIOR ENGINEERS

NI
VAC

(Digital Design)

COMPUTER SYSTEMS

BSEE, 3-10 years hands-on experience in LSI and micro-processor technology, with leadership capability.

"MAKING MACHINES DO MORE
SO THAT MAN CAN DO MORE"

PRD Electronics Division is conveniently located
Syosset, Long Island: just minutes away from
the magic of New York City. We're easy to take in
terms of living cost, and nationally recognized for
excellent schools and residential areas.
All our current openings feature competitive
salaries and comprehensive benefit packages as
well as a relocation allowance, if required.
Please forward your resume with salary history
in confidence to: Mr. Tony Pfarrar, Harris Corporation, PRD Electronics Division, 6801 Jericho Turnpike, Syosset, New York 11791.

in

An Equal Opportunity Employer. m/f/v/h

M

HARRIS
COMMUNICATIONS AND
INFORMATION HANDLING

L
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An Equal OppoqunIty Empboyer — Male and Female
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NOTICE
TO
EMPLOYERS:
ENGINEER, ELECTRONIC

ELECTRONIC
TEST SYSTEMS
DESIGN
GENERAL ELECTRIC's Power System
Management Department has aposition
available for a Quality Equipment
Engineer skilled in electronic test system
design.
Foremost responsibility will encompass
the design and development of advanced analog and digital solid state test
equipment for adiversified line of electrical and electro-mechanical products.
Must possess technical capability in the
field, plus have a BSEE or the
equivalent. Experience with the programming of microprocessor-based
automated test equipment would be
highly desirable.
Excellent salary to the high 20's, a full
range of benefits and advancement opportunities. Interested applicants should
send resume, including salary requirements, to:
Professional Relations 101304

GENERAL

ELECTRIC

Switchgear Division
6901 Elmwood Ave.
Philadelphia, Pa. 19142
An Equal Opportunity Employer PAW

Why
we can recommend
our readers
for the top jobs
The subscribers to this magazine have
qualified professionally to receive it. They
are also paid subscribers —interested
enough in the technological content to have
paid aminimum of $15 for asubscription.
As subscribers to ELECTRONICS, our
readers have told you several things about
themselves. They are ambitious. They are
interested in expanding their knowledge in
specific areas of the technology. And they
are sophisticated in their need for and use
of business and technology information.
Our readers are now in senior engineering or engineering management, or they are
on the road toward those levels. In either
case, they are prime applicants for the top
jobs in almost any area.
If you are interested in recruiting the
best people in electronics, these pages are
open to you for your recruitment advertising.
Our readers are not "job-hoppers". To
interest them you will have to combine
present reward with challenge and opportunity for future career advancement.
.....

NM

MMMMM

The cost of recruitment advertising on
these pages is $65 per advertising inch. For information call or write:

Electronics

Post Office Box 900, New York, NY 10020
Phone 212/997-2556
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Motorola Semiconductor Products
4

93, 153

General Electric Instrument Rental Division

190

NEOHM SPA

15E

Caddock Electronics Inc.

Minthorne International

Neff Instruments Corporation

8

Bel Fuse Inc.

20.21

Forth Inc.
4

•

•

1979

March 15,

Sheldahl Inc.

214

Shipley Company

173

Siemens AG Munich

64

20E
Signetics Corporation
Silicon Systems

134, 135, 169
221
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Get your
1978 EBG
while
they last.
1979 edition
not available
until June.

Advertising Sales Staff
Advertising sales manager: Paul W. Reiss
•

Sivers Lab (Philips Group)

29E

Socape• (Thomson CSF)

26E

•

Solid State Scientific

236

Sord Computer System

218

•

Spectrol Electronics

•

Sprague Electric
Synertek

•

56

Societe Fort

97
63
58,59 122

Syntronic Instruments Inc.

95

Techsnabexport

236

•

Tektronix

2, 157

•

Teledyne Relays

17

Telequipment

53

Teradyne, Inc.

84

Teledyne Philbrick

209

Texas Instrument Components

151

Textool Products Inc
•

14

Thomson CSF Division D.T.E.

19E

Thordarson Meissner Inc.

170

••

Trio Kenwood Corporation Test Inst. Division

•

TRW Electric Components

•

80
78, 79

Ultra Violet Products

220

United Detector Technology

164

United Systems Corporation Sub. of Monsanto
Vecuurnschmelze
Varadyne Industrie* Inc.

•

54
32E

10E, 11E

Wavetek Indiana

119

Weston

219

Wilhelm Westermann

8

Xerox Corporation

181

tw

Carl Zeiss Inc.

203

•

Zeltron

25E

The only book of its

Tel: 13-73-95

kind in the field.

Classified and employment advertising—
,

If you haven't got it,
you're not in the market.
To insure prompt delivery
enclose your check with
the coupon now.
Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020
Yes

please send me

copy(ies) of

1978 EBG.
I've enclosed 625 per copy delivered in the
USA or Canada.
CI I've enclosed $35 per copy for delivery
elsewhere ($47 if shipped by Air)

rt,erle, Manager 212-997-2557

Beall Associates
Berkel M
D, B. V.
Borg Warner Corp.
Continental Personnel
Corporate Recruiters
DCC, Digital Communications Corp.
Dynamics Research Corp.
Engineers Index, The
General Electric Co.
GTE Lenkurt
Harris Corp.
ITT LSI Systems Support Co.
Life-Tech Instruments Inc.
Litton Systems, Amecom Div.
McDonnell, Douglas
National Personnel Consultants
Norden Systems Inc.
Northrop Corp.
Pathfinder
Stephen E.J.
Sperry & Univac Computer Systems
Tried Systems Corp.

228
222
229
228
228
226
229
224
232
225
231
223
228
228
228,230
229
227
224
228
228
231
230

• For more information of complete product line see

Name

advertisement in the latest Electronics Buyers Guide
• Advertisers in Electronics International
Advertisers in Electronics domestic edition

Company

Street

Stale

Zip

Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27c, Germany
Phone 72 01 81
Tokyo: Akio Saijo. McGraw-Hill
Publications Overseas Corporation,
Kasumlgaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
(581) 9811

Business Department
Thomas M. Egan
Production Director
[212] 997-3140

Carol Gallagher

Production Manager International
[212] 997-2045

Betty Preis

Production Manager Domestic
[212] 997-2908

Thomas Kazich

Production Manager Related Products
[212] 997-2044
Morison» Nelson«, Production Assistant
(212) 997-2843

Frances Venom

Reader Service Manager
[212] 997-6057

Full mone -

back guarantee if returned in 10 days.

City

1221 Avenue of the Americas, New York, N.Y 10020
[212) 997-4371
Atlanta, Ga. 30309: Michael Chariton
100 Colony Square. 1175 Peachtree St, N.E.
[404) 892-2868
Soeton, Mass. 02110: Frank Mitchell
607 Boylston St.
[617) 262-1160
Chicago, M. 90811
645 North Michigan Avenue
Jack Anderson (312) 751-3739
Robert M. Denmead [312) 751-3738
Cleveland, Ohio 44113: William J. Boyle
[716) 586-5040
Coats Mesa, Calif. 92828: Robert E. Boedicker
3001 Red Hill Ave. Bldg tt4 Suite 242
(714) 557-6292
Dallas, Texas 75201: John J. Uphues
2001 Bryant Tower. Suite 1070
[214) 742-1747
DOIWIllf, Colo. 90203: Harry B. Doyle. Jr
123 Speer Blvd. a400
[303] 837-1010
Detroit, Michigan 48202: Jack Anderson
1400 Fisher Bldg.
(313) 873-7410
Fort Lauderdale, Fla. 333011: Michael Charlton
3000 H.E. 30th Place
(305) 563-9111
Houston, Texas 77002 John J. Uphues
601 Jefferson Street, Dresser Tower
(713) 659-8381
Los Angeles, Calif. 90010: Robert J. Rielly
Robert E Boedicker, 3200 Wilshire Blvd., South Tower
(213) 487-1160
Minneapolis, Minn. 55435: Robert M. Denmead
4015 W 65th St
(312) 751-3738
New York, N.Y. 10020
1221 Avenue ot the Americas
John Gallie [212] 997-3616
Matthew T. Reseska (212) 997-3617
Philadelphia, Pa. 19102: Matthew T. Reseska
Three Parkway
[212] 997-3617
Pittsburgh, Pa. 152= Matthew T. Reseska
4Gateway Center
(212) 997-3617
Rochester, N.Y. 14534: William J. Boyle
Power Mill Office Park, 1163 Pittsford-Victor Rd.,
Pittsford, N.Y. 14534
[716] 248-5620
San Francisco, Calif. 94111: Don Farris
Dean Genge, 425 Battery Street,
[4151 362-4600
Paris: Patrick Mouillard
17 Rue-Georges Bizet, 75116 Paris, France
Tel: 720-73-01
United Kingdom 11, Scandinavia: Robert Ghey
34 Dover Street, London W1
Tel: 01-493-1451
Scandinavia: Andrew Karnig and Assoc.
Kungsholmsgatan 10
112 27 Stockholm, Sweden
Tel: 08 51 68 70 Telex: 179 51
Milan: Ferruccio Silvera
1via Baracchini, Italy
Phone 86-90-656
elruseels:
23 Chaussee de Wavre
Brussels 1040. Belgium

Electronics Buyers' Guide
H.T. Howland, General Manager
[212] 997-6642
Regina Hers, Directory Manager
[212) 997-2544
Thomas KazIch, Production Manager
[212] 997-2044
Marleanno Melsener, Production Assistant
[212) 997-2843
Frances Valions, Reader Service Manager
(212) 997-6057

Classified and Employment Advertising
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Frank Eberle, Manager
[212) 997-2557

PROTOTYPING BOARDS
R
d
'

MV 80

ETP

SBC COMPATIBLE
•;11
tlilaildttutasetauímuna.

rittirtiftettitaidittitit

SBC compatible Board MV 80 has six double-sided edge connectors for busoriented parallel or serial input/
output.
The board MV 80 holds up to 40 16 pin Robinson Nugent U-type wire-wrap sockets or a combination of 16, 24,
28 and 40 pin wire-wrap sockets. It has a 32 cm 2 free area for component and an area for an on board
5V/ + 15 V, + 150 mA DC/DC converter.
There are 10 independent heavy duty power and ground buses on the back of the board. The connections for
the by-pass condensors are also provided on board.
The main advantage of this board is its low profile, the wrapping is done on the component side.
The board is delivered as a kit including board with insert bushes, wire-wrap pins and a set of screws for the
fastening of the sockets. DC/DC converter and sockets are options.
There is also a set of Europecards using the same principle available.

For further informations and price quotations, please contact:

ETA SA FABRIQUES D'EBAUCHES •Division Diversification
2540 Grenchen /Switzerland •Tel. 065/51 11 21 •Tlx. 342 84 assa ch

Circle 234 on reader service card

Feed all your forms to our wide-open printer
Consider the advantages!
Programmable character pitch.
heavy-duty construction and
an extra long-life dot matrix
printing head means real durability. Its exceptionally long
needle stroke turns out crisp
multiple-copy printings on
thicknesses from .003" to .015"
—without adjustment.

The OEM
impact
printer
wide open

Its easily replaceable ink rollers
and self-reversing ribbon gives
you a 10 million character life.

With an edge guide
•
sensor on one side
and the other three
sides open, our alphanumeric
„ed..
.
-.Y "
41S
DMTP-8 impact form printer ends
worries about forms that won't fit. vou
can easily insert from bank checks to out-size pages, single
sets to multipart reports... any forms where you need to
print up to 50 characters per 4" line.
e

ALL THAT,
YET STILL
ECONOMICAL —
ONLY $269 IN 100's.

....

A

PRACTICAL
AUTOMATION, INC.
Trap Falls Road
Shelton, Conn. 06484
Tel (203) 929-5381

Circle 235 on reader service card

ESSEX/SUFLEX has a wide selection of Astratite"
heat shrinkable tubing to insulate and
protect circuits, wiring harnesses,
fuses, diodes, capacitors,
terminals and junctions.
Polyolefin very flexible, flexible or semi-rigid

lower

cost Polyvinyl Chloride tubings (cross-linked and non
cross-linked) standard wall or thin wall .. greater
or lesser than 2.1 recovery ratio. All from
one source — Essex/Suflex. And most of
these Astratite versions are UL listed.
Samples, property data and prices available from 29
Essex/IWI Warehouse/Sales Centers and
many independent distributors — or contact.
Essex Magnet Wire & Insulation Division,

ESSEX
UNITED
drOU_.d1
6Ir TECHNOiÛGS

Essex/Suflex, Newmarket, N.H. 03857, Phone 603/659-5555.

Circle 236 on reader service card

Total fiberoptics
Total reliability
-o -

(full range)

RADIATION
COUNTERS

for registration of
•alpha radiation
•beta radiation
•gamma radiation
•X-rays
•cosmic rays
•neutrons
Exporter:

PRIM

cubloptic

Optical fibers: from 4 dB to 800 dB
Single-fiber or bundle:

V/O TECHSNABEXPORT
32/34 Smolenskaya-Sennaya,
121200 Moscow, USSR
Tel. 244-32-85 •Telex 7628

TNC and SMA connectors
Components up to 30 MHz
Why take chances ? With FORT, you've got 10 years' experience in the design of reliable optical fibers and cables tailored to your needs... plus an international user-support
network at your beck and call.
FORT Z Ide la Gdudree 5, rue Lambert 91410 DOURDAN FRANCE.
Tel. (1) 492.94.63 + Télex TXFRA 270105 F.

REF. 643

lechsfigiggpal

Subsidiaries in Germany. England, Italy. Japan and representation in
15 countries.
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Come to see us at the Componsants Hall

Circle 237 on reader service card

Booth 43 Afee 11

Circle 238 on reader service card

Electronics

Complete entire card.

Reader Service
For additional information
on products advertised,
new products or new literature,
use these business reply cards.

Electronics

Circle the number on the Reader
Service postcard that corresponds
to the number at the bottom of the
advertisement, new product item, or
new literature in which you are
interested.

Subscriptions & Renewals

To aid the manufacturer in filling your
request, please answer the three
questions

Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.

=

March

All inquiries from outside the U.S. that
cannot reach Electronics before the
expiration date noted on the Reader
Service postcard must be mailed
directly to the manufacturer. The
manufacturer assumes all responsibilities for responding to inquiries.

Please print or type.

15,

1979

MCI CCC

MCI CM MSC OEM UM ITN

This reader service card expires June 15, 1979

NAME

TITLE

PHONE (

COMPANY

STREET ADDRESS

(Company 0 or home 0 check one)

CITY

STATE

ZIP

Was Trus Magaz,ne Personally Addressed to You/ 0 Yes 0 No

Industry classification (check one):
aCI Computer & Related Equipment
bD Communications Equipment & Systems
cD Navigation, Guidance or Control Systems
d0 Aerospace, Underseas Ground Support

e
f
g
hCI

Test & Measuring Equipment
Consumer Products
Industrial Controls & Equipment
Components & Subassemblies

j D Independent R&D Organizations
kD Government

Your design function (check each l
ett er th
at app l
ies )
:
Your principal job
XD Ido electrol
design or development engineering work.
t El Management
yIII Isupervise electronic design or development engineering work.
V D Engineering
zD Iset standards for, or evaluate electronic comp onen t
s,
sy
st
ems an dma t
er i
al
s.
Estimate number of employees (at this location:
1 16 31

a

11

9
11
11

I

46

61

76 91 106 121 136
36

1. D under 20

2. E 2 -

100 -iflf
999

4. El

ûvr

n

(check one)

Electronics

If the cards below have already been used,
you may obtain the needed information

Reader Service

by writing directly to the manufacturer,
or by sending your name and address,
plus the Reader Service number and issue date,
to Electronics Reader Service Department,
P.O. Box No. 2530, Clinton, Iowa 52734.

2

IMIMI MIMI

IIIMM

MIMI MIMI MIMI

Affix
Postage
Here

Electronics
P.O. Box No. 2530
Clinton, Iowa 52735

Affix
Postage
Here

Electronics
P.O. Box No. 2530
Clinton, Iowa 52735

Who offers the ultimate in electronic
relay automation? The control creators
S-SYSTEM BY ELECTROMATIC OF DENMARK. Also includes Electromatic Level Controls for
Liquids and Granulates. Now bringing to America plug-in relay controls unique in modular
design and unlimited functionality. Consult the control creators!

ELECTROMATIC COMPONENTS LTD.

Distributor Inquiries invited.

742 West Algonquin Road
Arlington Heights, Illinois 60005
(312)364-0100
TVVX 910-222-3452

stQQatcrinalic

Outside the United States, contact your
Local ELECTROMATIC Sales Office lozated
in 43 countries World Wide
Circle 901 on reader service card
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Switch from the old to the new!

Low-cost
OPTICAL SWITCHES
from Clair«

Switch from slow switching,
moving parts and arcing
problems to fast switching,
solid-state, low-cost optical
switches from Clairex.
Seventeen optical
switches in the CLI 800
series lets you choose from:
awide range of sensor
currents; phototransistor

and photodarlington
outputs; and two voltage
ranges, 30 and 55 volts.
Each series features amodel
with afive-mil slit over the
sensor for applications
necessitating stringent
target resolution.
Clairex also offers the
CLI 200 and CLI 300 series

that are designed for harsh
environmental applications.
For détails on the full
line of Clairex Optical
Switches, call (914)
664-6602 or write Clairex
560 South Third Avenue,
Mount Vernon, New York
10550.

CLA1REX ELECTRONICS
ADivision of Clairex Corporation
Circle Number 902 on Reader Service Card

