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A New Dawn
In Trimmer/Resistor
Technology...

We've put it
all together in
one space /cost
saving package.
11>

We named it MFTrm ...our multi function trimmer. This revolutionary
concept combines cermet trimmers and fixed resistors into asingle prepackaged circuit. A consolidation of functions has been designed into a
new product line of cost-effective DIP components.
All trimmer applications require afixed resistor to either divide avoltage
or limit acurrent. The nine MFT trimmer models will functionally satisfy
almost any trimmer application.
SAVES SPACE — MFT trimmers drastically reduce PC board space
required for the peripheral components of alinear IC.
SAVES TIME — MFT trimmers reduce the time and cost of designing
circuits. It also saves production
time as MFT trimmers are compatible with DIP automatic insertion
equipment. And, there are less
components to purchase and handle.
SAVES MONEY — MFT trimmers lower total "on-board" component
costs. In addition, MFT trimmer DIPS are compatible with automatic test
equipment, reducing inspection costs.
INCREASES PERFORMANCE — Temperature tracking is better than discrete components ... 50 ppm/ C. Trimmers/Resistors are manufactured
simultaneously on acommon substrate. MFT trimmers are more reliable
as aresult of pre-tested circuitry and reduction of connections.
The sealed multi function trimmers are available in nine configurations
of the multiple trimmer and network combinations. Call or write today
for your MFT trimmer catalog.
TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507. Phone: 714 781-5204. TWX: 910 332-1252.

International Marketing Affiliates: European Headquarters — Switzerland 042/23 22 42 • Belgium 02/218 2005 • France
01/2039633 • Germany 0711/24 29 36 • Italy 02/32 56 88 • Netherlands 70/87 44 00 • United Kingdom 01/572 6531 •
Norway 2/71 18 72 • Sweden 764/20 110 • Japan 075/921 9111 • Australia 02/55-0411 03/95-9566 • Israel 77 71 15/6/7
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Instrumentation Interfacing:
how does your real-time computer
measure up?
Your old favorite

Feature

Our HP 1000 and 21MX Computers

Standard Interfaces (IEEE-488,
ANSHWC1.”

HP-Interface Bus (HP-IB) simplifies connections to over 200
bus-compatible instruments for stimulus, measurement and
display, and reduces installation costs. High-level READ and
WRITE calls in FORTRAN and BASIC simplify programming.

Intelligent
Analog
and Digital
Subsystem

HP'S 2240A microprocessor-based analog and digital subsystem off-loads CPU and simplifies programming. Handles
complete real-time tasks such as time-scheduled data acquisition, scan synchronization with external events, interrupt
waits, waveform sample pacing, temperature drift corrections
for high accuracy.

Real Time
Software

Compatible family of memory and disc-based Real Time
Executive (RTE) operating systems. Interrupt handling at
100µs. Real-time BASIC, ISA FORTRAN with bit-manipulation and real-time extensions.

Computer
Costs*

HP 1000 Model 20 memory-based system from $21,000.
HP 1000 Model 30 disc-based system from $31,500. (Both
include 21MX E-series CPU, 64K bytes memory, 2645A CRT
with dual mini-cartridges, RTE software.)

Interface Costs*

Plug-in measurement and control cards: 32 analog inputs,
32 digital inputs and outputs, $2,625. 96 channels of analog
and digital I/O in µP-controlled 2240A, $5,110. HP-IB
card, $600.

Delivery

8weeks ARO.

..,.....
¡......

'r

*All prices shown are U.S. domestic list.

When you consider the number of instruments we make, it's
not surnrising that we know how to get the best out of them with
our computers. If you'd like to see how well our real-time cornputers measure up, call you local HP office listed in the White 4
14
Pages. Or write to Robert Puette, Hewlett-Packard, 11000
Wolfe Road, Dept. 613, Cupertino CA 95014. And save
alot of interface.
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PACKARD
22706HPDS8

BEND
BRISTL
BRUSH
BUNCH.
Opens new horizons for PCB design.
70%-90% Reduction in Mating and Unmating Forces
• simpler board support systems
• fewer damaged boards
Extended Circuit Count Potential
• up to 400 Bristle Brush
per connector

AiIII

contacts

Extensive Product Line
• mother board, daughter board, input/output, PC receptacle body
styles
• 2-, 3-, and 4-row configurations
• 90' and straight PC, solderless wrap, crimp removable, willowy tail
terminations
For complete information, contact The Bendix Corporation, Electrical Components Division, Sidney, New York 13838.
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Highlights
Cover: 3-in-1 unit cuts troubleshooting costs, 105

A new concept in general-purpose instruments, the digital testing oscilloscope, has
the capabilities of a go/no-go comparison
tester, a time-domain logic analyzer, and a
storage scope. It also features ahigh degree
of automated testing.
Cover by Ann Dalton.
U. S. electronics attracts foreign investors, 90

American electronics markets look golden
to such European firms as Siemens AG. The
man behind the company's investments in
the U. S. tells why and talks about what the
experience has been like.
Costs down, capabilities up in MDS, 113

The next generation of microprocessor
development systems is here, with a $3,250
bottom price tag. Yet the new family offers
flexible capabilities to match the expanding
range of processor applications.
Minicomputers can process fast signals, 136

A microprogrammable minicomputer can
process fast 10-kilohertz signals in real time.
The trick is to store operating-system
instructions, as well as the fast Fourier
transform, in hardware.
And in the next issue ...

Measuring time and frequency: part 1,
counters ...bigger and better ROMs are
coming: aspecial report.
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Publisher's letter
I
t's been 10 years or so since

right product materialize. "We're a
good combination. I'd be happy to
William Shoemaker and David
team up again," Wilson observes.
Wilson began working together.
Most recently they developed the
DT0-1 digital oscilloscope for Gould periodically we take stock of
what's going on among the elecInc.'s Biomation division and then
tronics distributors, and with good
co-authored this issue's cover article
reason. They're estimated to serve
on the pace-setting instrument
(p. 105). Further back, in 1971, the over 50,000 customers and should
two had formed Sitek Corp., a reach 100,000 accounts by the
1980s. In contrast, electronic-combenchtop-tester firm, which in 1976
ponents manufacturers supply diwas acquired by Biomation.
Developing the digital oscilloscope rectly something like 500 to 1,000
major users.
was something of a cliff-hanger for
But rapid growth has created
these senior product engineers. Wilson, who was responsible for the problems, as the Probing the News
hardware design, and Shoemaker, story on page 84 points out. New
York bureau manager Bruce Lewho headed the software planning,
Boss, who put together the story,
were convinced that other companies
reports that this expansion has
were working on the concept.
"We very much wanted to be strained distributors, which have
first," recalls Shoemaker. "Once or always seemed to operate on the thin
edge of profitability. Like many
twice we saw a product announcemanufacturers, they are hard
ment that bordered on what we were
doing, and we held our breaths. But pressed for capital to finance larger
operations. As a result, we may be
none was adirect hit."
"Fast development is normal at seeing the beginning of some important changes in the way distributors
Biomation," Wilson points out. "Because we are a small company, we do business, Bruce concludes.
were able to compress our development schedule."
Will the Wilson-Shoemaker team
ride again? Right now they're on
separate projects, but the possibility
is not out of the question should the
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want to be editors
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Power
Amplifiers

THE
WIDE
ONES

MOM

Add asignal generator
or 1V channel converter to
ENI's Model 600L/600P
ultrawide band solid state
amplifier, and get the ultimate in linear power for
applications like 1V/CAN
UHF signal distribution,
high speed data transmission,
broadband signal preamplification and more.
Incorporating all of the
outstanding features of an
ENI design (unconditional
stability, instantaneous
failsafe provisions and
absolute protection from
overloads and transients),
the Model 600L/600P will
"boost" the output of any
signal source by 24 dB.
And it provides more than
150 mW of linear Class A or
300 mW of saturated power
over the 0.8-1020 MI-lz
frequency range.
For additional specifications,
ademonstration,
or acopy of our new, full-line
catalog, contact ENI,
3000 Winton Road South,
Rochester, New York 14623.
Call 716-473-6900 or
Telex 97-8283 ENI ROC.

ENI
The World's Leader

Readers' comments
Other ways to skin the cat
To the Editor: "Lsl: the testing
nightmare" [Dec. 8, P. 65] was quite
thought-provoking. It's obvious that
conventional testing methods have
come just about to the end of the
road with chips of the present
complexity. When the next generation hits, the testing problem will be
altogether intractable, unless something changes.
I can think of a couple of
approaches to try. First, we could
operate on the assumption that we
will be using parts with hidden flaws
and expect only that lots will be
sample-tested with comprehensive
patterns to catch reproducible bugs.
That means memories will once
again carry parity checks, maybe
even error-correcting codes.
Central processing units, directmemory-access controllers, and other large-scale integrated chips could
be used in triple sets, with majorityvoting logic at the outputs. Triple
redundancy could well turn out to be
cheaper than thorough testing.
(Anybody planning to build a commercial data-processing computer
around present-day microprocessor
chips and memories would do well to
consider redundancy and error
checks, to judge by some of the
stories I've been hearing.)
Another approach would be to
design testability into the chips. As
an extreme example, memory chips
could be laid out as an array of
subchips, with separate bonding pads
and no interconnections except
maybe buses and power. N' patterns
could be run simultaneously on all
subchips at the wafer-probe level to
check out each one thoroughly.
Then, if film-carrier lead frames
were used, it would be no trick to
interconnect the subchips during
gang-bonding. Only a simple final
test would be needed to verify good
bonds. N' patterns being what they
are, that would take alot less testing
time than trying to do the whole
memory in one indigestible chunk,
and really searching patterns like
galloping write recovery might become practical again.
cPus might also be segmented and
probed asection at a time, or extra

gates might be included to give the
pins access to part of the system at a
time for test purposes. That would
permit systematic checkout of the
device gate by gate, much the way
hardwired systems are checked out.
The final step would then be propagation of is and Os through the
partitioning gates in their normal
mode. A less drastic version of this
approach would be to use acouple of
pins to catch a number of internal
connections in a shift register and
then read them out.
John A. Carroll
Winchester, Mass.
The only way to skin this cat?
To the Editor: in your Nov. 10 editorial [p. 12], you wrote of the potential danger to emerging businesses
and those yet to emerge posed by the
proposed tax change that would
treat capital gains as ordinary
income and, as compensation, allow
larger dividend exclusions.
You are right as far as you go, but
all forms of taxes remove funds that
might otherwise be available for risk
capital. If national productivity,
including new products, is to increase enough to meet environmental strictures, energy-shortage and
-transition problems, Social Security
and pension-fund obligations, etc., a
fundamental tax reform is needed.
What is required is a limitation,
constitutionally established, on the
percentage of total personal income
Government can take through
taxes—including the tax known as
inflation. New and growing electronics firms will then be able to get
the venture capital they need.
James L. Blilie
Shoreview, Minn.
Correction
In the Jan. 5 Engineer's Notebook
["Digital thermometer circumvents
drift," p. 176], the converter chip
referred to should be the MC14433, as
in the schematic, and the MC1413 is,
of course, ahex inverter. Also, the first
sentence of the last paragraph should
read: "Using a standard diode sensor
results in an error of the system of no
less than 10°"

in Power Amplifiers
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Our DAC-20 is the world's
first monolithic 2-digit BCDcoded DAC. Gives you very
high speed performance
(85nsec settling,
typ.) with very low
power consumption
(37mW), terrific
nonlinearity
VILSB Max. over
temp.)—all for very low cost.

Need a

Just ask ...
Applications for our DAC-20
series range from audio attenuators and analog meters to
modems and microprocessors. We'll be
glad to send you a
data sheet full of
these and other
application ideas
using the DAC-20 in such things as reference
amplifiers, logic threshold controls, and multiplying circuits with bipolar or pulsed references.
Just circle the reader service number for acopy.
And if you would like afree sample DAC-20, write
us on your letterhead and tell us what application
you're thinking about. We'll be glad to help you get
going. Write DAC-20 at the address below.
Thank you.

BCD DAC?

It's simple to use. Provides auniversal logic
interface for TTL, CMOS, ECL, or any other logic.
Full noise immunity is provided by high swing
adjustable threshold logic inputs. And dual
complementary current outputs with — 10V to
+18V compliance give you avoltage output with
only aresistive termination. No speed-limiting
output op amp needed.

rmi]

Precision Monolithics, Inc.

1500 Space Park Drive,
Santa Clara, CA 95050
(408) 246-9222. TWX 910338-0528.

$2.95

100 Piece Quantity

You finally have achoice:

Make
Circle 7 on reader service card

Buy

Gas Sensing Semiconductor

Capacitors

News update
• RCA Corp.'s Astro-Electronics di-

Reproduced by permission
of Grundig AG. Fürth, Germany

Control module 29301-0.35.01
for colour TV sets.
Function: Stabilization of the highvoltage and/or the width of the
picture in comparison to changes
of the mains voltage and the beam
by controlling the amount of
energy fed in the line output stage.
A change in the mains voltage of
±10% produces only a1kV
change in the high voltage output
WIMA MKC 10 and
MKS capacitors.

WIMA Capacitors:
High Quality Components
for Electronic Equipment
WILH. WESTERMANN
Spezialvertrieb elektron. Bauelemente
P.O. Box 2345 •D-6800 Mannheim 1
Fed. Rep. of Germany
U.S. Sales Offices:
BOSL &ROUNDY •3333, Delray Drive
Ft. Wayne •Indiana 46805
(219) 483-3378
THE INTER-TECHNICAL GROUP INC.
North Dearman Street •P.O. Box 23
Irvington •New York 10533
(914) 591-8822
TAW ELECTRONICS CO.
4215 W. Burbank Blvd., Burbank
California 91505 •(213) 846-3911
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Circle 8 on reader service card

vision in,Princeton, N. J., has begun
flight acceptance and environmental
tests on sophisticated new instruments and sensors recently installed
on the Tiros-N spacecraft, which is
the first of a new series of environmental satellites and is scheduled for
a mid-1978 launch. The instruments
will provide a greater amount of
information about solar energy, air,
surface sça ice, water, and weather
conditions and do so more accurately
and faster than those on board the
present ITOS series of satellites [Electronics, July 7, 1977, p. 74].
A recent addition to the Tiros-N
instrument payload, according to
RCA'S manager of satellite programs,
Abraham Schnapf, is a magneticmovement control device. Built by
Ithaco Inc. of Ithaca, N. Y., the
device senses the magnetic field and
adjusts the magnetic movement of
the spacecraft. What's more,
Schnapf adds, the last three of the
eight Tiros-N/NoAA spacecraft that
RCA is building will carry aloft a
major new payload designed for
search and rescue.
An outgrowth of a joint $30
million development program,
shared equally by the National
Aeronautics and Space Administration and the Canadian government,
ground-based and spaceborne hardware for this payload will enable the
spacecraft to locate downed aircraft
and boats in distress.

• The first commercial international
digital facsimile service, capable of
transmitting high-resolution documents in 26 seconds, went into
service this month. The facsimile
machines feature the latest errorcorrecting technology plus a very
high degree of data compression
using relative-address-coding techniques developed by Kokusai Denshin Denwa Co. of Japan [Electronics, Feb. 17, 1977, p. 55 or 8E].
Called Q-Fax, the service operates at
9,600 bits per second on a fullduplex circuit, but also can run at
4,800 or 2,400 bits. The cost is $10
per 81
/-by-11-inch page.
2
Bruce LeBoss

FIGARO
GAS
TGS

SENSOR

_9\7

uicklys
e n small
amount
of gas.

Applications
1. \mural Gas-Leak Alarm
2. Propane Gas-Leak Aluni
3. Carbon Monomde
Detector
4. Automatic Fan Control
5. Fire Alarm (Deter nog

combustible gases
contained in smoke;
6. Alcohol Detector
Detector for drunker,

driver>
7. Air Pollution Monitor

FIGARO ENGINEERING INC.
•Head Office: 3-7-3 Hgaslmovonaka. Tovonaka
City. Osaka. 560. JAPAN TELEX: 05286155
FIGARO J CABLE FIGARO TOYONAKA
TEL 106) 849-2156
*North America: 3303 Harbor Boulevard. Suite
D-8. Costa Mesa. California 92626. U S.A.
TELEX 678396 CABLE FIGARENGIN
COSTAMESA TEL 1714/ 751-4103
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Waiting for
an outbreak
of HOPE
Give to:

PROJECT

HfflE

Deportment A, Washington, D. C. 20007
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Eighteen months ago, we announced the
start of awhole new family of 20-pin parts.
We told you that the 20-pin configuration
not only made better packages—it made
better ideas.
We told you all about 8-bit low-power
Schottky buffers, registers and decoders.
Remember? "Perfect for use with 8-bit
8080-type microprocessors—as well as
2900,4-bit bipolar slices. No more trying
to manage too-much 24's and notenough 16's:'
Well now we have new ALU's,
counters, sequencers and more.
Fasten your seatbelt.

THE TWENTIES
TAKE OFT.
Circle 9 on reader service card
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For more pictures, just open your
Advanced Micro Devices' Schottky and
Low-Power Schottky Data Book. Or ask
and we'll send you abeautiful wall chart,
suitable for framing.

Advanced
Micro Devices
d:1

Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone (408) 732-2400
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You have anew friend.
You don't have to pay abig name price for auniversal product development lab. And, don't let your fondness for acertain chip lead you to aconvenient but confining marriage. The inevitable divorce will be
costly and time consuming. If you want to develop products happily hereafter, move in with Futuredata.
Futuredata
systems are universal.
We can move you into multiplemicroprocessor-based product
development at half the cost.
With the largest selection of
powerful hardware, software and
economical peripherals around.
With high speed disk or low cost
tape operating systems. With incircuit emulators for 8080, 6800,
and Z-80. With the universal
microcomputer that tackles every
job.

The most complete spectrum
of economical systems.
Move in with our Dual 5" Mini
Floppy Disk System, our Dual 8"
Standard Floppy Disk System,
our unique QUICKRUNTM 32K
Tape Operating System or our
new Universal Dual Development
System. No matter which you
choose, the savings will be
significant.

Only Futuredata
has OUICKRUNTM
MICROSYSTEM/15 has the only
Only Futuredata
can move you in for $3850,
No other microcomputer can
match the cost/performance
standards set by our MICROSYSTEM /20 & 30 disk-based
systems and our MICROSYSTEM/10 & 15 tape-based systems.
Each of these are complete
development systems with up to
56K memory, 960 character CRT,
ASCII keyboard, two RS-232
serial ports, 8-bit parallel I/O, realtime clock, bootstrap in PROM, 8level vectored interrupts and
complete disk and tape operating
systems with monitor, debugger,
editor, assembler and utility.

tems in one host computer. Mix
or match processors, disk or tape
operating systems in each half.
Put two development engineers
to work at full speed, simultaneously. You get two complete
systems in one and save nearly
$2000.

co-resident assembly and interactive debugging system in the industry. With editor, assembler
and debugger/monitor all in
memory, things happen fast.
Assembly of a 1000 statement
program takes a mere 15 seconds. At $5275:' it's the most
cost-effective development tool
around.

Now the first Universal
Dual Development System.
Futuredata has combined two
separate memory /processor sys-

In-circuit emulation
and higher-level language.
We have in-circuit MICROEMULATORSTm for 8080, 6800, Z-80,
Extended BASIC, line printers,
EPROM programmers, hardware,
software, documentation and a
rock-solid record for reliability.
So, let's be friends!

xbIg
*4

1181111

30-day "Get Acquainted" offer.
Try one of our development
systems for 30 days at no risk.
For more information, write or
call Futuredata today.

Move into product development
with a new friend...

•Domestic U.S.A. prices

(futurediecUcD
FUTUREDATA COMPUTER CORPORATION •11205 S. LA CIEN EGA BLVD. •LOS ANGELES, CA 90045 •(213) 641-7700 •TVVX 910-328-7202
Futuredata, United Kingdom • Tel: (0628) 36828 • Telex: 849110
Futuredata, Germany • Tel: (06187) 23155 • Telex: 4184882
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Data bases getting
attention, says Tandem's Held

"CHIP CARRIER"
TEST SOCKETS
VERSATILE TEXTOOL SERIES
ACCEPT VIRTUALLY ALL
"CH I
PCAR RIE RS"
These versatile new TEXTOOL "chip carrier"
test socket series include models capable of
accepting all "carriers" with from 14 to 64
leads and body sizes up to and including
.750 inch square.
In addition, only minor tooling changes
allow the socket to also accept plastic
"leaded" packages less than .750 inch
square with two or four side, straight or
formed leads.
A positive locking system enables
loading and unloading literally with the
fingers.
Different pressure pad
thicknesses may
be specifed for
the socket lid to
adjust for those
applications
where packages
are "too thick"
or "too thin."
Other significant features of
TEXTOOL's new "chip carrier" sockets
include alid design that eliminates shorting
against contacts or P.C. board and which
will not separate from the socket body
under normal usage, integral mounting
holes and minimum lid overhang at the back
of the socket to permit maximum P.C.
board mounting density.
All TEXTOOL "chip carrier" sockets
are ideally suited for both test and burn-in
applications and are available in a wide
variety of materials to meet specific test
requirements.
Detailed information on these and
other products in awide choice of materials from TEXTOOL ... IC, MSI and LSI
sockets and carriers, power semiconductor test sockets, and custom versions ...
is available from your nearest TEXTOOL
sales representative or the factory direct.
Ask today for your copy of the new
12-page TEXTOOL CONDENSED CATALOG!

TEXTOOL

PRODUCTS, INC.
1410 W. Pioneer Drive •Irving, Texas 75061
214/259-2676
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Data-base design is just now getting
real attention from industry and the
academic world, says Gerald Held of
Tandem Computers Inc. Newly
named manager of data-base and
language development at the rapidly
expanding Cupertino, Calif., company, Held grapples with the problems of on-line data-base management for the firm's high-reliability
minicomputers.
"Distributed systems have
brought to light many data-base
problems, and lots of work is being
done now that systems are up and
running," he says. "In the 1960s, the
subject was first compilers and then
operating systems; now, it's data
bases."
He is looking at new data-base
models that will serve the burgeoning world of distributed processing
more efficiently. Most data-base
management systems today use either a hierarchical or a network
approach, both of which can be
thought of as tree structures. An
example might be the record of an
employee filed under a department
name, which in turn is filed under a
division name. But "life really isn't
tree-structured," says the energetic
30-year-old software engineer. "It's
more natural to file each record individually in more than one place, as
in a department or in a division
table. That eliminates the dependency of records on one another."
Relational data base. Held is
describing what is called arelational
data base. He gained recognition
among his peers for the relational
data-base management system he
developed while working on his
doctorate at the University of California at Berkeley before joining
Tandem in 1976. Called Ingress, the
system is being used in over 50
computing facilities worldwide.
He says that the proliferation of
distributed processing systems will
spur the work on relational data
bases. "It's obviously much better
for distributed systems, since all
records are modular and can more

easily be passed around a network.
Distributed processing is helping
make the concepts better understood, because now we have working
hardware to study."
What is the future for data bases?
"Since no one data-base structure is
best suited for every application, I
think we'll be seeing data bases that
support several models—hierarchical, network, and relational—and
that can even interchange structures
as needed," Held says.

Boschert sees switchers
moving into low power
Switching power supplies, long dominant in the aerospace industry
because of their high power output
in arelatively small size, will eventually take over all but asmall portion
of the power-supply market, including the low-power area, says Robert
J. Boschert, president of Boschert
Inc. The seven-year-old Sunnyvale,
Calif., manufacturer recently introduced several off-the-shelf units, one
producing as little as 25 watts
[Electronics, March 2, p. 159], a
sizable drop from the severalhundred-watt levels at which the
switchers have made their mark.
"It's perfectly analogous to the
transistor taking over from the
vacuum tube," Boschert, 41, explains. "Initially, transistors had
advantages in size and weight and
heat, but had disadvantages from the
standpoint of reliability and cost."
However, as the industry "got
further along the learning curve,"
these disadvantages disappeared, he
says. "It's my belief that there will
be only asmall portion of the market
where linears will remain untouched," he continues, perhaps only
"the sensitive analog instrumentation area" that requires low-level
analog signals at awide bandwidth.
As cost and power come down,
switching supplies, which operate at
boosted frequencies without bulky
transformers, will start taking over
two areas, according to Boschert:
first, where more expensive linear
devices cannot compete in terms of

Electronics/March 16, 1978

Ramtek has done for imaging
and graphics
what Kodak did for photography.

io
Brought you low-cost color.
Most people wouldn't
settle for black and
white snapshots.
There's no reason
why you should settle for black and
white displays.
The Ramtek 9050
series of Graphic
Display Systems
slashes the cost of color in half. For imaging. For
graphics.
Low cost. Not low quality. Here is the same technology that you've seen delivering ERTS satellite photos,
dramatic medical research images, maps, charts,
tables and graphics.
We took the most-wanted features of our modular
Ramtek 9000 systems and packaged them together in
one module.You custom tailor the Ramtek 9050 to your
needs with a matching set of off-the-shelf options.
For less than $10,000 the Ramtek 9050 gives you 16 bit
image processing, character, vector, plot generation,

raster mode, and
scrolling. Resolution
up to 512 by 512 elements. 256 levels of
gray scale. 4096
colors (or 64 colors
for under $6,000;
black and white for
)
less than $5,500).
Video look-up tables. Interactive keyboard and joystick operation. Offthe-shelf interfaces for popular minicomputer lines.
And the Ramtek 9050 is software compatible with its
big brother the Ramtek 9000. That's a time-saving plus
when your needs shift to real-time applications, ultrahigh resolution, expandable customized systems or
any of the thousands of possibilities opened up by the
Ramtek 9000's modular design.
Call today, or write. We'll fill you in on the whole
colorful Ramtek picture.
Ramtek Corporation, 585 N. Mary Ave., Sunnyvale,
CA 94086. (408) 735-8400.
Kodak is a registered trademark
of the Eastman Kodak Company

reamtek

Our Experience Shows

REGIONAL OFFICES: Sunnyvale, California (408) 735-8400 •Dallas, Texas (214) 422-2200 •Huntsville, Alabama (205) 837-7000 •Cleveland, Ohio
(216) 464-4053 Stamford, Connecticut (203) 348-8804 •Washington, D.C. (703) 960-3550 •West Germany (0611) 595980.
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THE NEW DIT-IVICO SERIES 8210
AUTOMATIC WIRE CIRCUIT
ANALYSIS SYSTEMS

People

MI Mae

The future. Learning-curve improvements
are leading to more competitive switching
power supplies, Boschert says.

A CHOICE...FLEXIBLE, EXPANDABLE,
POWERFUL SOFTWARE/HARDWARE
TEST SYSTEM PACKAGES
Obsolete is Obsolete...
The DIT-MCO Series 8210, comprised of systems 8211, 8212, and
8213, offers the most complete
package of automatic wire circuit
test capabilities available to serve
your present and continuing test
needs. In fact, Series 8210 obsoletes the word obsolete. You can
select the system to fit your current
test
requirements
with
certain
knowledge that as your needs expand your DIT-MCO system can be
upgraded to deliver!
Powerful Software/Hardware...
Series 8210 are real-time disc operating systems with disc file maintenance in the system.
Series 8210 systems are driven by
fully interactive computer systems
yet require no specialized operator
training. A unique and comprehensive group of programs for testing, maintenance, and diagnostics
are standard. Software is the evolutionary culmination of over five
years experience and proven field
use.
Eeny, Meeny, Miney...
You get a cho ,ce... to fit your
budget. To fit your test needs. You
get versatility, flexibility, the
ability to expand and adapt.

DIT-MCO
INTERNATIONAL
5612 Brighton Terrace
Kansas City, Missouri 64130
Telephone (816).444-9700
Telex Number 42-6149

And remember, when you choose
DIT-MCO you have chosen Number
One.
Too New to be Copied...
So new you won't find anything like
it available anywhere else.
System 8210 incorporates all the
"state of the art" advancements
with some new wrinkles only DITMCO could provide.
So if you are going to look around
for a comparison you will just have
to compare the systems within the
8210 Series. None of the others
come close.
Hand in Hand...
When you select DIT-MCO equipment you have bought not only the
hardware and software you also get
the Company...our over 25 years
leadership in the field, our just reputation for treating every customer,
big or small, with the same respect
and dedicated service. With DITMCO you get it all!
Call or Write for Full Information..
A DIT -MOO
representative
can
show you how Series 8210 or any of
our complete line of interconnect
test systems can accommodate
your test requirements. Call or write
us for full information.

DIT-MCO — The Difference
in Testing...
European Technical
Representative
Rac ix House
Central Trading Estate
Staines. M iddlesex, TVV18-4-XA
England
Telephore (0784) 51444
Telex Number 935023

size, weight, and heat dissipation,
and, next, in the digital world of
terminals and business computers.
Although linear supplies beat
switching supplies in terms of ripple
and regulation, switching supplies
compete because the digital computer world does not need quite as tight
power-supply specifications. Boschert switchers already power floppy-disk drives, information terminals, cathode-ray-tube terminals,
plasma displays, and microcomputer-based systems; and the company
has even designed a low-power unit
for an electronic watch.
Microcomputer impact. Boschert
believes that switchers will make
their biggest impact in the microcomputer segment of the powersupply market, which is growing at
22% a year in noncaptive systems.
Switchers are taking 30% of new
business there, but the company sees
this figure climbing to between 60%
and 80% in the next few years.
By 1982, he predicts the 80/20
ratio between captive and bought
will shift to 70/30. That is atremendous amount of new business in a
total market estimated to be about
$3.5 billion worldwide this year.
Boosting the trend toward outside
purchase is the fact that switching
supplies require agreater investment
in technology, Boschert points out.
Companies now comfortable making
their own linear supplies will go
outside for volume, he says.
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TO-5 RELAY UPDATE

The worlds
smallest
WI relay
Inherently low inter-contact capacitance and

TYPICAL RF SWITCHING CHARACTERISTICS
ISOLATION VS FREOUENCY

INSERTION LOSS VS FREOUENCI

iiiruu

contact circuit losses have established the

For hand held radio transceivers, for example,
where battery power drain as well as good RF

Teledyne TO-5 relay as an excellent subminiature

performance are key factors, Teledyne's TO-5 relay

RF switch for frequencies up through UHF. Typical

is the logical choice for T-R switching.

RF performance: 45db isolation and 0.1db

Our complete line of TO-5 relays includes military

insertion loss at 100MHz.

and commercial/industrial types, with virtually all

Added to this, our TO-5 relay requires very low
coil power compared to other miniature relays —

military versions qualified to established reliability

as much as 75% less than a half crystal can relay.

Relays — the people who pioneered the -I
-0-5 relay.

MIL specs. For complete data, contact Teledyne

• Hybrid "T" Series
SPDT & DPDT types with internal transistor
driver and suppression diode. Military
and commercial/industrial versions.
• "D" and "DO" Series
With internal suppression and steering
diodes. Military and commercial/industrial
versions.
• Maglatch Series
SPDT, DPDT, and 4PST magnetic latching
types. Military and commercial/industrial
versions.
• Centigrid , Series
World's smallest relay—only .225" (5.72mm)
high x .370" (9.40mm) square. DPDT, with
optional internal suppression and steering
diodes.
• Hi-Rel Series
Screened versions for space flight
applications (NASA qualified)
• High Environment Series
Hi-temperature, Hi-shock. and
Hi-vibration types

TELEDYNE RELAYS
3155 West El Segundo Boulevard, Hawthorne, California 90250
Telephone (213) 973-4545
Electronics/March 16, 1978
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Intel delivers the micro
components designers
There's no more efficient way to solve
your interface and control requirements
for microcomputer-based systems than our
peripheral components.
They're single-chip solutions to even
the most complicated operations, integrating

The dedicated function components
below are available now, with more on the way.
Here's abrief description of their versatility.
8271 Programmable Floppy Disk
Controller. Provides full control of up to four
standard or minifloppy drives. (Available
early 1978.)
"I can accomplish almost any I/O function 8273 SDLC/HDLC Protocol Controller.
For SDLC and HDLC communications.
with one chip using Intel's versatile
8275 Programmable CRT Controller.
peripheral interfaces and
Provides fully buffered interface and control
dedicated device controllers?
of almost any raster scan CRT display.
8278/8279 Programmable Keyboard/
Display Interfaces. Keyboard/sensor
array input scan, and output scan
for LED, incandescent
and other displays.
128-key or 64-key input.
8251A Programmable
Communications Interface.
Industry standard USART
for synchronous or
asynchronous serial data
up to 22,000 transistors per chip to replace
transmission, including bisync.
circuit boards full of discrete logic with a
8253 Programmable Interval Timer.
single component. Result: you cut parts cost,
Contains three independent 16-bit counters,
reduce package count and board space, and
programmable modes from dc to 2MHz.
simplify both development and operating
8255A Programmable Peripheral Intersoftware.
face. General purpose I/O interface with
We've designed each of these peripheral
24 individually programmable I/O pins.
chips to be an intelligent, programmable
8257 Programmable DMA Controller.
component in your system and to perform
Provides four-channel, high speed direct
most functions with minimal cpu supervision. memory access independent of CPU.
The resulting decrease in cpu overhead pro8259 Programmable Interrupt Controller.
vides your system with higher performance
Handles eight levels of vectored priority
and increased throughput.
interrupt. Expandable to 64 levels.

18
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computer peripheral
are talking about.
UPI-41 11"is Intel's Universal Peripheral
PromptTm 48 Design Aid, the Intellec® microInterface, bringing distributed intelligence to computer development system with resident
microcomputer systems for the first time.
UPI-41/MCS-48 Macro Assembler. Plus appliActually ahighly integrated, user- „,
programmable microcomputer, UPI-41
And, for my special I/O requirements,
is anew solution that obsoletes
Intel's UPI-41 Universal Fbripheral Interface
custom LSI and specialized discrete
is user programmable to control nearly
designs for interfacing most low
any other peripheral device'?
and medium speed peripherals
cations assistance
with an MCS-807 MCS-85 1M
worldwide, full
or MCS-48TM microcomputer.
documentation,
Intel delivers UPI-41
training classes,
in two versions that make it
design seminars
easy for you to implement
and arapidly
your own designs. The
expanding users'
8741 includes an erasable
software
library.
and reprogrammable 1KIntel's periphbyte EPROM, for developeral components,
ment, testing and low
and the MCSvolume production. Then
80, -85 and -48
the 8041, with masked
microcomputers
ROM, provides maximum
they support, are
economy in high volume.
available through:
We've taken the
Almac/Stroum,
Component
Specialties,
UPI-41 concept astep
Cramer, Hamilton/Avnet, Harvey Electronics,
further with the 8278,
Industrial Components, Pioneer, Sheridan,
described at left. The 8278
L.A.
Varah, Wyle/Elmar-Liberty and Zenis the first of several preprotronics. For your copy of our Peripheral Data
grammed 8041's that we've
Handbook use the reader service card or write:
adapted to specialized
Intel Corporation, 3065 Bowers Ave., Santa
applications.
Clara,
CA 95051. Telephone: (408) 987-8080.
Because UPI-41 is a
microcomputer, we've given
it the same high level of
support we give all our
microcomputers. UPI-41
is supported by our

I
nt
el
delivers.
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4K CMOS EPROM's.

"Today, that tide
is 4K memory."
Intersil

CMOS or NMOS, you'll find that Intersil
is aleader in the memory market. For
instance, Intersil has delivered
atotal of over 20 million RAM's to date.
Not counting our complete add-on and
add-in memory systems.

THE COMPETITIVE EDGE.
As aleader in 4K memory, we offer you a
choice of low power CMOS or advanced
NMOS memory products. In CMOS,
4K RAM's and 4K EPROM's. In NMOS, 4K
static and dynamic RAM's. All, in standard
DIP's. All, from asingle source: Intersil.

Intersil's 4K proprietary CMOS EPROM, the
IM6603/04, offers the low power benefit typical
of CMOS: An up to 10,000:1 power savings over
competitive EPROM's. At the same time, it may
operate on either TTL or MOS power supplies.
Static and synchronous operation results in very
fast access time. Three state outputs and chip
select offer easy system expansion. And, they're
both UV erasable and electrically programmable.
Either 1024 x4or 512 x8.

4K NMOS STATIC RAM'S.
The IM7114/2114, and IM7141's are
high performance static RAM's
that offer you definite design
advantages: Simple interface
with awide variety of microprocessor components; no
need to refresh; alow power
requirement that can effect an
up to 30 percent power saving
over the nearest competitor.
Lower power means lower
operating costs, lower cooling
costs, lower PC board costs, and
greater reliability. With pin
compatibility to the RAM's you're
using now. In either 1K x4or
4K x1configuration.

in the affairs of men which,
flood, leads on to fortune."
William Shakespeare, 1564-1616

BIPOLAR PROM'S

IM 6508 1K CMOS RAM

I
M 6603/4

I
M6504/6/ 7
4KX 1or1KX 4or 512 X8

1K X4 or 512 X8

4K CMOS RAM

4K CMOS EPROM

IM7027

IM7114/41

4K X1

1K X4 OR 4K X1

4K DYNAMIC RAM

4K STATIC RAM
IM7114A/7141A

IM7116 16K DYNAMIC RAM

4K CMOS STATIC RAM's.
Over the years, Intersil has shipped more CMOS
RAM's than any other manufacturer. By midyear, we'll be adding anew dimension to our line
of 1K RAM's with a series of new 4096 bit static
RAM's, including the IM6504 (4096 x1), the
IM6506 (1024 x4), and the IM6507 (512 x8). Offering power benefits typical of CMOS, plus TTL
compatibility, the new IM6504 will be ideally
suited to memory systems requiring low power,
non-volatility and high performance.

4K DYNAMIC RAM's.
The IM7027/MK4027 dynamic RAM is a second
generation dynamic RAM that offers you substantial improvement in page mode, read/write
timing and speeds up to 12Ons access and 250ns
cycle time. It's specifically designed for EDP,
computer mainframe memory, microprocessor
and microcomputer applications. Speed and
power, coupled to a lower power dissipation,
mean lower overall costs. Pin compatible with
the slower speed, higher power RAM's you've
been using.

4K STATIC RAM

THE TIDE IS WITH US.
AND WE'RE WITH YOU.
At Intersil, we're working at the state of the art in
memory components and subsystems. That
means you can depend on Intersil to supply a
full range of memory components in both low
power CMOS and second generation NMOS
technologies. And 4K memory is just one of the
fields in which we excel. Our aim is not just to
reach the crest of the wave; but to remain there.
If that's the way you're thinking, join us. Today,
the tide is running with 4K memory. And the
flood is just beginning.

Digital Products: Memory Dept.
10710 North Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171
(800) 538-7930 (outside California)
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Gentlemen,
Send me your literature on:
4K CMOS EPROM's

4K CMOS Static RAM's

4K NMOS Dynamic RAM's

4K NMOS Static RAM's

Send me Intersil's New 20x24 Shakespeare Poster
Name
Company
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Put your
waveform
on the GPIB...
...with aTektronix
Digitizing Oscilloscope!

'
11
11, •a
WI

The Digital Alternative
Our Digitizing Oscilloscope is aversatile data acquisition
instrument based on the familiar TEKTRONIX 7704A
Oscilloscope with aP7001 Processor added for interface to the
digital world.
Signal Acquisition Flexibility. The Tektronix Digitizing
Oscilloscope acquires data through awide selection of standard
7000 Series Plug-Ins such as amplifiers, time bases, spectrum
analyzers, sampling heads to 14 GHz, time domain
reflectometers, curve tracers, digital counters or mubmeters
and more.
AID Conversion with Four Waveform Memories. Almost any
waveform that can be displayed on an oscilloscope, can be
digitized to 10 bit by 512 horizontal point resolution and stored
in any of four memories in the P7001 Processor. In addition to
waveform data, all cri scale factor readouts are stored as
well. Any of four stored waveforms may be recalled for display
on the cd.
New GPIB Interface. ND conversion memory selection and
data transfer can now be controlled externally via the the GPIB
bus. Digitized waveforms in any of the four memories may be
transferred to aGPIB controller for analysis and automated
processing. Complex waveform calculations are now possible
with the convenience of oscilloscope acquisition.
And aNew Optional Hardware Signal Averager. It permits
rapid averaging of repetitive waveforms for dramatic signal
to noise improvement.

With that kind of flexibility, practical applications for the
Digitizing Oscilloscope are numerous!

Optional controller based systems with powerful TEK SPS
BASIC software and graphic terminal display offers
unmatched signal processing sophistication!

In the field of...

Photos courtesy of.

Research—a Digitizing Oscilloscope can be used to analyze
fiber optic circuits, or for their research and design. This unit is
also an effective tool in chemistry and chemical research for
electrochemical and perturbation kinetic studies.

University of Oregon Graduate Center
Ampex Corporation
Rockwell International

Development—a Digitizing Oscilloscope can be used in
microwave system development by extracting pertinent
spectrum analysis data for study through afrequency range up
to 60 GHz.
Production ATE—a Digitizing Oscilloscope can be used to
automate uitra-sonic testing of nodular iron in foundries. This
unit can even automate electronic system tests or diagnostic
troubleshooting systems in the aero-space industry, and in
many other types of production test environments.
Component Testing—a Digitzing Oscilloscope can be used to
characterize coax insertion losses, or characterization of
semiconductors. With appropriate programming this unit can
also provide profiles and histograms of line transient absorbing
materials and devices.
Interfaces available are GPIB (IEEE 488-1975), CAMAC,
GP Bus (for operation with PDP 11 Series), TEK
Calculator and others.

ESCO Corporation

Put your waveform on the GPIB
... write for free information today,
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97077,
or phone (503) 645-6464, Ext. 1164.

NAME

TITLE

COMPANY

PHONE

STREET ADDRESS
CITY

STATE

ZIP

Tektronix
- o
COMMITTED TO EXCELLENCE

For Technical Data circle 22 on Reader Service Card
For Demonstration circle 23 on Reader Service Card

Editorial

Maintaining the technological lead
One factor underscored by the recent
International Solid State Circuits Conference
is the growing international character of
semiconductor technology. At least athird
of the papers were from overseas sources,
and perhaps athird of the attendees were
foreign visitors.
The message is clear: no longer can the
United States assume that it can dominate
technology. Indeed, the keynote speaker at
the Isscc, Ian Macintosh, awidely respected
technology consultant from Britain, pointed
out that the technical lead of the U. S.
semiconductor industry has perceptibly
narrowed.
He contended that the lead the American
producers enjoyed in the 1960s and early
1970s was not necessarily the result of uniquely
gifted management within the semiconductor
firms. Nor did he feel that the Government
support many semiconductor producers
received was the primary stimulant. Instead,
according to Macintosh; the advantage came
principally from the booming electronics
markets right in their own backyard and,
just as vital, the availability of venture capital
to fuel the rise of the semiconductor industry.
There is alot to be said for this argument.
For example, lending substance to the
proposition that U. S. management superiority
is amyth is the fact that there have been as
many failures as successes among semiconductor
companies over the years. Also, it must be
noted that RCA Corp. is the only one of the
major electrical/electronics firms from before
the semiconductor era to have made the
transition and survived into the 1970s as an
important factor in the commercial integratedcircuit market.
Yet, there is no reason why the United
24

States cannot continue to lead in semiconductor
technology, despite the acknowledged gains
made, especially by Japanese competitors.
Some facts of life need to be appreciated,
however. For one, the cost of membership
in the club comes high these days. It is now
clear that small, leading-edge semiconductor
companies, no matter how innovative, may
have to join forces with larger systems-oriented
equipment manufacturers to gain the capital
and leverage needed for serving the giant dataprocessing and communications markets,
both here and abroad. Witness the joint
ventures of AmD/Siemens, Ami/Bosch,
Signetics/Philips, and others.
Likewise, successful semiconductor producers
will continue to be drawn toward participation
in end-product equipment by forming systems
divisions of their own. These organizations
will not only keep the semiconductor firms
close to the expanding markets they serve
but, if well planned, will provide profits to
reinvest in product development.
That leaves just one continuing obstacle
to American technological growth: the lack
of private venture capital and tax incentives
for research and development. All across the
country, from large and small companies,
the same complaint can be heard. There is
not enough capital available to finance new
technology —technology that is becoming
increasingly expensive to develop.
The major responsibility lies with the
Federal government, which has failed to
stimulate investment through tax credits or
other incentives in advanced electronics
technology. The sooner the Federal government
is made to realize this fact, the better the longrange chance for continued U. S. leadership
in technology.
Electronics/March 16, 1978

The right PROM Programmer

makes the lob simple.

Pro-Log's Series 90
means simple
PROM programming.

Microprocessor control reduces
operating steps and guides operators through the few steps
that remain. The Series 90
verifies PROMs as they're
being programmed and automatically weeds out bad or
marginal parts. Separate sockets for master PROM and copy
PROM protect your master
PROMs from accidental programming. Users never need
to calibrate aSeries 90.

Simple means flexible,
reliable and safe.

ASeries 90 is acomplete
yet versatile programmer. It
consists of asingle master
control unit, aplug-in PROM
personality module and options.
The master control unit handles
any of our personality modules.
There are modules for all major MOS and bipolar PROMs
and for some one-chip micro-

This comparison guide
makes selecting a
programmer simple.

We've got afree full-color
comparison guide to help you
evaluate the leading PROM programmers side-by-side. Call or
write for your copy. Pro-Log
Corporation. 2411 Garden Road,
Monterey, CA 93940. Phone
(408) 372-4593.

processors. The personality
modules come in individual,
generic fami!y, or gang versions. Options include CMOS
RAM buffer (to 4K bytes),
TTY, parallel interfaces, paper
tape reader, U.L. listed erase
light, check-sum option, and
RS-232 (terminal or modem)
interface with Auto-baud.

warranty, PROM
personality modules
by aone-yearwarranty.

Master control units are backed
by atwo-year parts and labo -

Pro-Log's programmers are
U.L. listed for your safety.

PRO-LOG
ORPO qATION
Microprocessors at your fingertips.
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"We saved space,
weight and money
with AMP UHF
connectors.
And got 2.0 GHz performance':

As you can see, they're really miniature
with diameters as small as .375". That
not only saves space and weight but
because their initial and applied cost is
low, they literally save money from
beginning to end.
Despite their small size and cost, AMP
Miniature UHF Series Connectors are
rugged and reliable. They have 40 lb.
min. cable retention and resist vibration,
shock and hostile environments. They
accommodate RG 58U and 59U
coaxial cable and provide excellent
performance characteristics to a2.0 GHz
limit and peak voltage of 335 volts.
They're equally economic for the
900 MHz mobile band and other R.F.
applications in transceivers, CB antennas,
instruments and telecommunications.
Both plug and jack feature precision
solderless crimp terminations of the
center conductor and braid. For limited
production the AMP CERTI-CRIMP
tool is ideal, while for volume production
the AMP Terminating Machine is
available. Whichever you use, AMP
technical assistance and support will
also be available. Even if you are only
in the product planning stage. Because
we've learned early involvement can
help us make a really cost effective
contribution to your projects.

AMP and CERTI-CRIMP are trademarks of AMP Incorporated

Why not compare AMP UHF miniatures
with the connectors you may be using
now. We'll be glad to help. For more
information just call Customer Service
at (717) 564-0100, use the reader
service number or write us directly ...
AMP Incorporated, Harrisburg, PA
17105.
AMP

has a better way.

INCORPORATED
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SEE US AT
ELECTRONIC COMPONENTS
SHOW, PARIS

AMP EUROPE

Austria — AMP Austria. Branch of AMP
Deutschland GmbH. Markgraf-Ruediger Str.
6-8, 1150 Vienna. Phone: 924191/92
Belgium — AMP Belgium. Branch of AMPHolland By., Rue de Brabant 62-66, Brussels.
Phone: 322.17.55.17
Finland — AMP Finland OY
Postilokero 3, 00401 Helsinki 40
Phone: 90/584122
France—AMP de France. 29 Chaussée Jules -César.
Boite Postale No. 39. 95301 Pontoise
France. Phone: 030 82 20, 030 92 30
Germany — AMP Deutschland GmbH.
Ampérestrasse 7-11, 607 Longen, B. PPM.,
West Germany. Phone: (06103) 7091
Great Britain — AMP of Great Britain Limited,
Terminal House, Stanmore, Middlesex,
England. Phone: 01-954-2356
Holland — AMP Holland B.V., Papierstraat 2-4
5223 AW 's-Hertogenbosch, Holland.
Phone: (073) 125221
Italy — AMP Polio S.p.A., Via Fratelli Cervi 15,
10093 Collegno (Torino), Italy. Phone: 785-656
Spain — AMP Española, S.A., Apartado 5294.
Pedro IV, 491, 495, Barcelona 5, Spain.
Phone: 307-75-50
Sweden — AMP Scandinavia AB, Datavagen 5,
17500 Jakobsberg, Sweden, Mailing Address:
Pock S-175 20 JARFALLA 1, Sweden.
Phone: 0758/10400
Switzerland — AMP AG, Haldenstrasse it,
6006 Luzern, Switzerland,
Phone. (414) 235421, 235422, 235423

AMP NORTH AMERICA

Canada — AMP OF CANADA LTD., 20 Esna
Park Drive, Markham, Ontario, Ph: 416-499-1251
Mexico — AMP de Mexico, S.A., Apartado
Postal 179, Naucalpan de Juarez, Edo, de
Mexico, Phone: Mexico City 576-41-55
Puerto Rico — AMP OF CANADA LTD.,
677 Calé de Diego, Rio Piedras, Puerto Rico
00924, Phone: (809) 766-2346
United States — AMP Incorporated,
Harrisburg, Pa. 17105, Phone: 717-564-0100

AMP SOUTH AMERICA

Argentina — AMP S.A. Argentina 4 de Febrero,
76 Villa Zagla — SAN MARTIN, Buenos Aires,
Argentina, Phone: 752-4612
Brazil — AMP do Brasil Ltda.,
AV Comendador Martinelli 185,
Lapa, Sao Paulo, Phone: 262-4353

AMP PACIFIC

Australia — Australian AMP Pty. Limited,
155 Briens Road, Northmead, N.S.W. 2152
Australia, Mailing Address: P.O. Box 194,
Baulkham Hills, N.S.W. 2153 Aus. Ph: 630-7377
Japan — AMP (Japan), Ltd., No. 15-14, 7-Chome,
Roppongi Minato-Ku, Tokyo, Japan, Ph: 404-7171
Products and services for many specialized
industries are provided by the AMPLIVERSAL
Division. In the United States, this division is
known as AMP Special Industries.
For Amp products and services in other
countries, write: AMP International Division,
Harrisburg, PA 17105, USA.

Meetings
Annual Meeting & Exhibit
Program, Association for the Advancement of Medical Instrumentation (Arlington, Va.), Washington
Hilton Hotel, Washington, D. C.,
March 29—April 1.
AAMI

Metric Planning Forum, American
National Metric Council (Washington, D. C.), Atlanta Hyatt Regency
Hotel, Atlanta, April 2-5.
Symposium on Automatic Imagery
Pattern Recognition, National Bureau of Standards and EIA, NBS,
Gaithersburg, Md., April 3-4.
Industry/Joint Services Automatic
Test Equipment Conference and
Workshop, EIA, American Electronics Association (formerly wEmA), et
al., Town and Country Hotel, San
Diego, Calif., April 3-7.
21ef'e Salon International des Composants Electroniques, Société pour la
Diffusion des Sciences et des Arts
(Paris, France), Paris, April 3-8.
Communications '78 International
Exposition, IEEE et al., National
Exhibition Centre, Birmingham,
England, April 4-7.
Convention and International
Exhibition, National Association of
Broadcasters (Washington, D. C.),
Las Vegas Convention Center, Las
Vegas, Nev., April 9-12.

NAB

Design

Engineering Conference,
McCormick Place, Chicago,
April 17-20.

ASME,

Scanning Electron Microscopy
Meeting, Scanning Electron Microscopy, Inc. (c/o Om Johari, P. O.
Box 66507, AMF O'Hare, Ill. 60666),
Bonaventure Hotel, Los Angeles,
Calif., April 17-21.
International Reliability Physics
Symposium, IEEE, Town and Coun 2
try Hotel, San Diego, April 18-20.
International Symposium, Society for Information Display (Los
Angeles), Hyatt Regency Hotel, San
Francisco, April 18-20.

SID

International Symposium on Remote
Sensing of Environment, Research
Institute of Michigan (Ann Arbor),
Philippine International Convention
Center, Manila, Philippines, April
20-26
Communications Satellite Systems
Conference, American Institute of
Aeronautics and Astronautics, Town
and Country Hotel, San Diego,
April 23-27.
Electronic Components Conference,
IEEE, Disneyland Hotel, Anaheim,
Calif., April 24-26.

Seminar on New Components for
Optical Communications, IEEE,
Stevens Institute of Technology, Hoboken, N. J., April 10.

National Relay Conference, National
Association of Relay Manufacturers
and Oklahoma State University,
Stillwater, Okla., April 25-26.

Acoustics, Speech and Signal Processing Symposium, IEEE, Camelot
Inn, Tulsa, Okla., April 10-12.

Microwave Power Tube Conference,
IEEE, Naval Postgraduate School,
Monterey, Calif., May 1-3.

Testing in Electronics Manufacturing, Industrial & Scientific Conference Management Inc. (Chicago),
San Jose Convention Center, San
Jose, Calif., April 12-13.

Symposium on Offshore Technology,
IEEE, Astrohall, Houston, May 8-11.

Pattern Recognition and Artificial
Intelligence Conference, IEEE, Nassau Inn, Princeton, N. J., April
12-14.

Electronics/March 16, 1978

Energy '78 Conference, IEEE, Camelot Inn, Tulsa, Okla., April 16-18.

Intermag Conference, IEEE, Palazzo
dei Congresso, Florence, Italy, May
9-12.
Conference on Software Engineering,
IEEE, Atlanta Hyatt Regency Hotel,
Atlanta, May 10-12.
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Power-One's 83 different models
easily represent the broadest selection
of open frame power supplies in the
industry And these are "off-the-shelf"
standards — ready for delivery
Ready when you need them.

Talk about prices...
It's still 1973
An example: Our Model B5-3 was
$24.95 in 1973. Four years later, during
aperiod when "across-the-board"
price increases were routine,
Power-One's Model B5-3 is still
$24.95! The same is true with
practically all of our standard models.
Amazingly, Power-One open
frames were price competitive in '73.
Think what they are today.

Talk about
variety...
Heinz 57,
Power-One 83
We've not only outdistanced our
competitors, we've even dethroned
Heinz as the king of variety.

Talk about shipments...
Over 250,000 to date
Power-One shipped its first open
frame power supply in May, 1973.
We've now crossed the quarter-million
mark. Over 100,000 units were
delivered last year alone. That
makes Power-One the
largest producer of open
frame power supplies in
the world.
What does this mean to you? Only
that agreat number of individuals and
'companies have found continuing and
complete satisfaction in our prodUcts.
We think you will, too.

Talk about facilities ... 60,000
square feet of open frames
Our recent move to the largest
complex dedicated solely to the
manufacture of open frames has been
geared to asingle objective — that of
making the best product of its kind
even better.
Through proprietary production
techniques, combined with the finest,
most modern equipment available
today, our new, enlarged facilities will
enable us to continue to hold down
costs ...while ever improving quality
delivery, and service.
So next time you're in the area, stop
by See for yourself who we are, what
we are, and most important, why
we're the world's largest manufacturer
of open frame power supplies.

Talk about reliability...We burn
them in so they don't burn out

Even customs and modified standards
are covered.

Every single unit that bears the
Power-One label undergoes afull
functional test, followed by a
minimum 2-hour bum-in plus afinal
full functional test. We repeat...
every single unit!

So please, don't delay. Get your
free copy now. Circle the reader's
service number or, for faster delivery,
phone us
direct or send
in the
completed
coupon.

We consider this tough burn-in
testing one of the key factors in our
company's growth. We know of no
other company that conducts more
than asingle operational test on
their standard production-line units.
Consequently, we know of no other
open frames that match up to
Power-One's for long life and
overall reliability.

Talk about catalogs...
Get our new '78 edition now
It's all new, and all inclusive.
Complete specifications on every
standard model, along with
dimensional mounting drawings,
product photos and descriptions,
prices and ordering information.

"Think
about«

ll
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me acopy

of your new
'78 edition catalog.
Name
Title
Company
Address
State

City
Zip

Phone

-1111em_

D.C. POWER SUPPLIES

Power One Drive, Camarillo, California 93010 •Phone: (805) 484-2806 •TWX: 910-336-1297
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What engineering
about using micro
Microcomputers are changing the competitive picture in hundreds
of industries, in thousands of applications.
Designers are using microcomputers to create new products,
even new markets. Microcomputers are breathing new life
into existing products and providing competitive
advantages in both price and performance.
For management, there's an added challenge. What's the most profitable way to take
advantage of the microcomputer revolution? Should you start from scratch,
dedicating time and resources
to component-level design?
Or should you take
advantage of fully
assembled and
tested "computers-on-aboard"?
You didn't
have achoice until
just two years ago.
That's when we introduced the first single board
computer. Like "super components," single board computers have
made it easy to add intelligence
to any system.
Sheer economics is one reason why.
Up to 1,000 systems ayear, you're money
ahead with single board computers. That's
based on atradeoff formula that carefully considers amortized development and testing expenses,
as well as direct material and labor costs.
Then, when production volume makes it more economical for you to switch to components, we'll provide all
you need to do the job yourself—manufacturing drawings, pc
artwork and avolume source for
all the essential LS! components.
Time saved is another important
Make
reason single board computers make
ioc.o
sense. You're into production sooner,
without time spent developing the
Cost
computer
sub-system. Your engineers
per
system
can go directly to the design of
tems per year
application-dependent hardware.

managers should know
computers profitably.
RMX-80Tm Real-time Multitasking Executive
gives you ahead start in software development,
without the need to reinvent system software for
every application. IntellecM our microcomputer
development system, speeds application software development. It puts PL/M and
FORTRAN-80 (ANS FORTRAN 77) highlevel programming languages and amacroassembler at your command. And supports
full text editing, relocation and
linkage capability. In-Circuit
Emulation, with symbolic
debugging, provides a
diagnostic window
into your prototype to speed and simplify system development.
Our growing selection of iSBCTM products gives you the flexibility to
tailor asystem to your specific application, without compromise. Choose one
of our five single board computers, starting at $99:' There's afull selection of
memory expansion boards, communication interface boards, digital and analog
I/O boards, mass storage systems and ahigh speed math processor. Or you can
start with one of our packaged System 80's.
You're assured of the highest reliability when you build your system around an
Intel single board computer. For example, MTBF for our iSBC 80/10 is 91,739 hours
at 25°C. Ask for your copy of our iSBC Reliability Report.
There's also the security of Multibus7 the multi-processing bus architecture we developed
for single board computers. Multibus has become such awidely accepted industry standard that
today there are over ahundred Multibus-compatible products available from 42 independent companies. And Multibus is your guarantee of compatibility with future Intel iSBC products.
Get started with our comprehensive iSBC System Configuration Kit. It's acatalog of Intel single
board computer products, with detailed configuration instructions and worksheets to help you define the
optimum iSBC solution for your needs.
For your kit, or for on-site assistance in configuring and pricing your iSBC system, contact
your Intel representative or distributor. Or write: Intel Corporation, 3065 Bowers Avenue, Santa Clara,
California 95051. Telephone: (408) 987-8080. In Europe contact: Intel International, Rue du Moulin
aPàpier, 51 -Boite 1, B-1160, Brussels, Belgium. Telex 24814. In Japan contact: Intel Japan, K.K.,
Flower Hill-Shinmachi East Bldg. 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154. Telex 781-28426.

Intel" delivers.
Visit us at the Hanover Fair '78
April 19 through 27, 1978. Cebit-West,
Hall 18.
Booth 1503.

*iSBC 80/04, domestic U.S. price, 100 quantity.

Circle 30 for iSBC Configuration Planning Kit
Circle 31 for pricing and configuration assistance
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TRIMMER SETTABILITY TO 0.01%
...AND NO BACKLASH!
Vishay Bulk Metal' resistive elements and latest mechanical
improvements raise trimmer technology another notch.
Seeability 0.01% typical, 0.05% max. The typical set!ability of Vishay precision trimmers is shown by the red
line in the chart below. Multi-fingered wiper over photoetched redundant current paths on mirror-like planar Bulk
Metal resistance element produces an output smoothness
(resolution) reflecting avery uniform, non-erratic progression in value. Result: both excellent settability and longterm reliability.

Designed to meet or exceed Mil-R-39035 Char. H
requirements. TCR of 10 ppm/°C over entire Mil range
from —55'C to + 150°C—that's five times tighter than
spec. Long-term load-life stablity of 1% max AR after
10,000 hr at rated power and 85°C. Very low noise.
Tight backlash control
• Microbrush on
redundant

• 20:1 gear reduction
for vernier-like adjusting

paths

• Mirror-smooth
surface
• Contact point
unaffected by
thermal expansion

Setting stability 0.5% max .11,1after
shock and vibration. Superior mechanical
design keeps settings on value through
time and rough service by eliminating stored
energy (potential backlash) in the wiper and
adjusting mechanism.

Viskay

v

Other advantages. Unmeasurable hop-off. Vishay
quality (at competitive price) lets you halve your
circuit-error budget and buy lower-cost
components elsewhere in system.
Pin configurations for 1
/
4" sq, %"
VISHAY
sq. %" rd, / rect, 11
/" rect. Call or
4
RESISTIVE
write Vishay Resistive Systems Group,
SYSTEMS
6 Lincoln Highway, Malvern, PA 19355;
GROUP
(215) 644-1300; TWX 510-668-8944.
34 "
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Passive components aren't necessarily inactive—specity Vishay.
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Electronics newsletter
Formatter coming
for double-sided
floppy drives

Analog lists fast
synchro-to-digital
converter family

Peripherals due
for I
2L version
of TI's 9900

Canadian firm
has C-MOS version
of Motorola 6802

32-bit micros called
key to market in
data communications
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Look for Western Digital Corp. in Newport Beach, Calif., to be first on
the market with a large-scale mos formatter controller for dual-density,
double-sided floppy-disk drives. Thought to be unique in the microperipherals field, the new FD1791 has all the control and bit-manipulation
features that the firm's earlier 1771 and 1781 chips provide for singlesided floppy-disk drives, plus the capabilities needed to read, write, and
format double-density diskettes.

Analog Devices Inc. of Norwood, Mass., will soon announce afamily of
35/s-digit synchro-to-digital converter modules that boast an extremely
fast tracking rate of up to 75 revolutions per second. The modules also
will offer other such notable features as transformer isolation, programmable signal or reference input modes, a wide input frequency range
(either dc to 400 Hz or 400 to 2,600 Hz), operation from a synchro or
resolver input, and achoice of binary-coded-decimal output ranges (either
0°to 359.9° or — 180° to + 180°).

Texas Instruments is about to introduce peripherals for the integratedinjection-logic version of its 16-bit 9900 processor. In the next few months,
the 9900 will gain an 1
21 16,384-bit read-only memory, priority-interrupt
controller and interval timer, plus aserial input/output expander. But even
more important are several programmable peripherals, including another
uo expander and an interface adapter, that are software-alterable.

Most Canadian semiconductor firms have been unsuccessful in attacking a
broad spectrum of the Ls! market, so Mitel Semiconductor of Bromont,
Quebec, is aiming at the telecommunications and instruments industries
with two new high-performance 1st chips in development and expected out
by year's end.
One new device will be a c-mos version of Motorola's 6802 bipolar
microprocessor with 2 kilobytes of random-access memory, clock, and
drivers on the chip. Designated the 46802, the 8-bit microprocessor is
fabricated with an oxide-isolated silicon-gate process Mitel calls Iso-cmos.
In addition to being azero-power device, the microprocessor is said to be
faster that its counterpart from Motorola, which is understood to be
talking with the Canadian firm about second-sourcing.

The controversy among data communications professionals over the use of
Ls' circuits — some are gearing up for 8- and 16-bit microprocessors while
others are unwilling to commit themselves— will remain unresolved until
the 32-bit microprocessor becomes dominant. That's the opinion of Dennis
Fairclough, chief computer scientist at the Eyring Research Institute of
Provo, Utah. Fairclough, speaking at Interface '78, the data communications show held in Las Vegas, March 6-9, said that the 32-bit machines
will catch on because they will have the processing power of today's
mainframes. He predicted that the processors will take over such jobs as
editing, code conversion, error correction and control, message buffering,
and message switching.
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Willis leaves
Solar Pow
er,
starts Solenergy

Chips cut cost
of optical modules

Grumman plans
to soup up
Mohawk radar
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There's anew firm —Solenergy Corp. — in the solar photovoltaics business,
but it is led by afamiliar name. Robert W. Willis, who resigned last month
as president of Solar Power Corp., North Billerica, Mass., put together
private backing to start Solenergy in nearby Wakefield on March 1. Willis
says Solenergy will sell silicon cells fabricated from purchased wafers, plus
modules and consulting services, all for terrestrial applications.
He is convinced there is room in the Department of Energy's national
photovoltaic program for small business enterprises if they team up with
much larger systems houses and provide them with the expertise that will
be needed to win DOE contracts for photovoltaics systems.

Though optical data transmission is starting to catch on in some industrial
and process-control environments, as well as for short computer-toperipheral runs, the $500 to $1,500 price tag on transmitter and receiver
modules is holding back widespread use of fiber optics. But Honeywell Inc.
and Spectronics Inc. hope to change that: they have jointly developed a
pair of transmitter-receiver chips that will do most of either module's job.
The price for either should be less than $25 in large volumes, and about
$100 for single units. Honeywell will make the chips; Spectronics will
market them, with samples available later this month.

To provide field commanders with more timely intelligence information,
Grumman Aerospace Corp. in Bethpage, N. Y., is proposing a modification to the APS-94 Side Looking Airborne Radar operating on its 0V-1
Mohawk aircraft built for the Army. Specifically, Grumman has determined that by using an electronically scanned antenna in place of its
present fixed-beam unit, the Mohawk's radar system can provide a realtime 90° field of view and give target speed and direction, two features not
easily determined with the present system.

Having lagged in the 4-k random-access-memory race, Motorola does not
intend to be a 16-k also-ran; it is now apparently shipping more than
100,000 parts each month. That is not quite the level that Mostek, Intel,
and NEC have reached, but it is enough to make some observers predict
more parts than orders by June.. .. Chrysler has chosen Mostek's 3870
microcomputer for the optional trip computer it will hang from the ceiling
of about 100,000 1979-model trucks. ... T1 will start shipping samples
of its 9940E, a 16-bit microcomputer with on-chip erasable PROM, next
month. But the fiim has managed to squeeze in the full 9900 instruction
set, as well as decimal correction instructions, not just the subset it planned
earlier.... High-level languages promise to gain firm footholds in the
microprocessor world. By summer, Intel's development system will handle
abeefed-up version of the ANSI-77 standard Fortran; Zilog's disk-based
microcomputers will get abig (24-kilobyte) Basic compiler; and Microsoft
is preparing its APL, which will open the door to all the IBM software in the
public domain. ... TI has assigned functions to pins on its 64-k erasable
PROM and plans to make samples available this summer —about the same
time that Intel plans to ship its 32-k version.
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MORE BIG TALK
ON
ECLIPSE
SYSTEMS.
First, we brought you
AOS, the most intelligent
multiprogramming operating system to be found
on asmall computer. Now
we bring you the fastest,
largest and most efficient
version of PL/I ever implemented on aminicomputer. And that's not just
talk. It's available now on
all multiprogramming Data

General ECLIPSE systems. So now you can take
advantage of the sophistication and efficiency of big
computer PL/I without having to buy abig computer.
PL/I is just one more reason
why Data General is the
computer company that
really talks sense.
Call (617) 366-8911, Extension 4735. Or write.

I•
Data General

We make computers that make sense
Data General Corporation, Westboro, MA 01581, (617) 366-8911. Data General 'Canada) Ltd., Ontario. Data General Europe, 61 nie de Courcelles, Paris, France, 766.51.78.
Data General Australia, (03) 82-1361. Data General Ltda.. Sao Paulo. Brazil, 513-0138 C Data General Corporation, 1978. ECLIPSE is aregistered trademark of the Data General Corporation.
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Circle 35 on reader service card
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Keep those cards
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81. letters coming!
For some, it would be enough
to establish industry standards.
Like our LM 317.
Or to build an unusually large
assortment of "building block" parts.
But, you see, we keep getting
telephone calls. And notes on the
back of old napkins and such.
"Hey," they'll say, "why don't
you make alinear huffle muffle?
Boy, could Iuse that!"
So we did.

Introducing
3-Terminal Negative
Adjustable Regulators.
Per request. The LM 337.
Output voltage adjustable from
—1.2 to —37V. 1.5A output guaranteed. Excellent thermal regulation
— 0.002%/W. 100% burn-in, for
improved reliability; 100% tested
for short circuits and thermal
shutdown.

Introducing
2.5V Reference Diodes.
Per request. The LM 336.
Guaranteed low temperature coefficient. ±-1% initial tolerance
available. And low prices to boot.

Introducing
3-Terminal Adjustable
Current Sources.
Per request. The LM 334.
10,000:1 range in operating current.
From 1V to 40V. Accuracy not
affected by long wire runs. Also,
requires only two wires.
Oh, you're welcome.
r
E 3/16

National Semiconductor Corporation, MS/520
2900 Semiconductor Drive, Santa Clara, CA 95051
Gentlemen: Please respond to the following requests—
Li Send me data sheets on your voltage regulators.
D Send me data sheets on your current sources and
reference diodes.
CI Send me your voltage regulator cross-reference.
O Send me your voltage reference/cross-reference.
Ell Hey, why don't you make a

Introducing
3-Amp Positive
Adjustable Regulators.
Per request. The LM 350.
Guaranteed 3A output current.
A 1.2V to 33V output range. Line
regulation typically 0.005%/V
Load regulation typically 0.1%.
And, most critically,100% electrical
burn-in in thermal limit!
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Boy, could Iuse that!
Name

-

Title

Company
Address
City _ _

State

Zip

Telephone _

M National Semiconductor
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Samtee Electronic
Hardware
SAM SHINE PROP

IMIER C1111
SURtlettE

GUARA NTEE
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, del:very 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

...Elm en

Ij

810 PROGRESS BOULEVARD, NEW ALBANY, INDIANA 47150
PHONE (8121 900-6733

Circle 38 on reader service card
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Single-chip
level detector
sells for 65e
Bipolar device from TI
combines many different
components usually offered
in separate packages
Moving to strengthen its position in
the industrial linear marketplace,
Texas Instruments Inc. is leading
with a totally new device—a fivestep analog level detector that promises to find many industrial, consumer, and automotive applications. It
was unveiled at the same time the
Dallas semiconductor maker released about adozen new versions of
traditional linear integrated circuits,
including line drivers, data converters, and controllers for switchingregulated power supplies.
The detector, the TL489, is
unique for two reasons: it combines a
startling number of components on a
single chip, and it sells (in quantities
of 100) for just 65 cents. For this
price, Ti supplies five comparators,
five output driver transistors, a high
impedance input buffer, voltage regulator, and five scaling resistors.
To make an equivalent level detector has till now taken an entire
circuit card of components costing
many times more. Ti foresees the
chip's use in such equipment as lowprecision meters, warning-signal indicators, analog-to-digital converters, feedback regulators, pulse shapers, delay elements, and automatic
range switchers.
Meet the chip. Each comparator
on the bipolar chip, shown in schematic, has an open-collector output
capable of sinking currents up to 80
milliamperes and withstanding
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voltages up to 18 volts. This means
that the device can directly drive
display elements such as light-emitting diodes or even filament lamps,
as well as high-level digital logic like
transistor-transistor and complementary-mos logic. Moreover, the part
offers ahigh input impedance of 100
kilohms typically.
At anominal input voltage of 200
millivolts, the device's Q, output
switches to a low logic level. Each
200-mv step at the input thereafter
causes the other outputs, Q2 through
Qs, to switch consecutively to a low
logic level, so that all the outputs are
low when the input voltage is
approximately 1,000 mv.
The schematic shows the TL489

wired as a level indicator with a
flashing alert. In this application, the
device lights up the LEDs in
sequence, turning on LED 1 first and
LEDs last as the input voltage
increases in nominal 200-mv steps.
When the voltage at the wiper of the
input potentiometer falls below the
device's 200-mv threshold, LED'
flashes on and off periodically.
All five trigger points provide a
switching hysteresis of about 10 mv,
permitting the device to be operated
with slow input signals yet be free of
the danger of oscillation at the
outputs. To prevent noise pickup, TI
recommends connecting a capacitor
between the unit's high-impedance
input and ground, especially when

Five levels. Analog level detector packs five comparators and drivers, a voltage regulator,
and input buffer onto one chip. Comparators switch for every 200-mV step in input.
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the part is driven from ahigh-impedance source.
The TL489 operates from a
supply voltage of 10 to 18 v. It

comes in an eight-pin plastic dual inline package for operation over the
commercial temperature range of
0°C to 70°C.
El

Commercial

Electronic lock stores its code
in nonvolatile semiconductor memory
To thwart thieves with duplicate or
master keys, hotelkeepers favor electronic locks for their rooms because
the lock "combinations" are easy to
change for each new guest. But there
is a drawback: each lock must be
linked to a central combinationstoring station by a costly two-wire
circuit or the hotel's television or
telephone wiring.
Enter Arthur D. Little Inc., the
Cambridge, Mass., consulting and
market research firm. It has built a
prototype of anew type of electronic
lock that stands alone as the guardian of the guest room door. The
combination is stored for recordkeeping in the central station and
also inside the lock itself— in a
nonvolatile semiconductor memory.
Change. Moreover, the guest is the
unwitting bearer of the lock's new
code. It is stored on a plastic "key"
resembling a credit card that the
hotel provides upon check-in.
"The stand-alone and the intrinsically secure features are what makes

this system different from other electronic systems," says Samuel W.
Tishler, manager of the invention
management program at ADL. By
"intrinsically secure" Tishler means
there are no signals representing the
lock's combination running along the
hotel wiring, which a sophisticated
thief theoretically might be able to
intercept.
The system also employs a random coding scheme that adds to its
security. In effect, there are no
secrets that can be learned and
compromised, points out Daniel Sabsay, a 34-year-old inventor who
received a patent for his Metaphase
security system some four years ago.
He tried unsuccessfully to interest at
least 10 firms in developing it until
he began working with ADL last July
(see "Managing inventions at ADL").
Sabsay is employed as a programmer at another firm in Cambridge,
while ADL brings his idea along.
Right now, Tishler is ready to license
an electronics firm to finish the

Managing inventions at ADL
The Metaphase security system is only the latest in a series of inventions
developed by Arthur D. Little's invention management program. Established
in 1957, the program has seen many successful products licensed, such as
penicillin synthesis to Bristol Myers and afacsimile transceiver to Graphic
Sciences. Other products have included atext-editing system, ink-jet printing, a hand-held data entry device, silk-screen printing technology, and a
two-way data-communication system using power lines.
The program evaluates inventions for their potential marketability and
develops and licenses the most promising by supplying money and technical
expertise. Most of the inventions come from outside ADL, although the
program does sponsor in-house designs. Says Samuel W. Tishler, manager
of the eight-person group, "We try to evaluate inventions from the point of
view of practical application." And he adds wryly, "You should see some of
the perpetual-motion machine ideas that wander in here."
Criteria the inventions must meet include amarket potential of more than
$5 million annually; coverage by patents or patent applications; and acost of
production or use lower than that of similar products already on the market.
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hardware and another firm to market it. He says it is two years from
completion.
It will be an unusual piece of
equipment, driven by room( current
or a standby battery. It will have a
metal-nitride-oxide-semiconductor
memory to store the lock's code,
light-emitting diodes to scan across
the coded key, and afiber-optic light
pipe to bring the reflected light to a
phototransistor. Directing it all will
be a4-bit microprocessor to compare
the code on the key with the code in
the lock and, when the codes match,
trigger an optically isolated relay to
open the door latch.
The prototype key uses punchedhole coding, but Tishler wants a
printed bar code resembling the
product code used in supermarkets.
Each key would contain a 90-bit
code. Two 28-bit portions would be
devoted to activating the lock, the
rest to such things as identifying the
key's user.
One set of 28 bits is the lock code,
its counterpart stored in the mNos
memory. The key is inserted in aslot
by the door, and when the door and
key codes match, the door unlatches.
The harder part is when a guest
checks in and is given a new key.
The key not only contains a new
code for the room but in the second
28-bit, or reset, space is printed what
is now the old 28-bit lock code for
the room—the code to be changed.
Double scan. The lock electronics
scans the key and, if the lock codes
do not match, checks the reset code.
When this matches, the microprocessor then controls the writing of
the new bar code into the lock's
memory and the door is unlatched.
Otherwise, the door will not open.
The lock codes will be generated
randomly down at the front desk in a
so-called Keymint and will be a
function of the unit's internal clock,
says Sabsay. The clock could run
through the 228 numbers, or more
than 268.4 million possibilities, in
minutes, with the chance of issuing
the same combination for any two
keys virtually nonexistent, he points
out. The Keymint prints the new bar
code on the key and stores it with the
room number in memory. It also

Electronics/March 16, 1978

prints in the reset position the old
28-bit lock code for that same room.
The MNOS memory used in the
prototype is General Instrument
Corp.'s ER1400 electrically alterable read-only memory, organized
into 100 14-bit words. The microprocessor is at present implemented
with conventional transistor-transistor logic. Tishler estimates the
lock electronics, which should fit on
a 3-by-5-inch circuit board, could
sell for about $30 and the Keymint,
built around amicrocomputer, in the
$2,000 to $3,000 range. The wiring
required with present electronic
locks can boost their price up to
$500 per room, he says.

Batteries

Ni-Cad unit comes in
dual in-line package
Now a rechargeable battery has
been squeezed into the workhorse of
the semiconductor industry —the
dual in-line package—allowing it to
be plugged directly into printedcircuit boards. The feat has been
accomplished by General Electric
Co.'s battery business department in
Gainesville, Fla. It provides digital
systems designers with small, plug-in
standby supplies for protecting their
normally volatile solid-state randomaccess memories. And with simple
trickle-charge circuitry, the batteries
will remain charged.
A General Electric spokesman

i)ataSeltrye
glandes
parer

->>
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Plug-in. Rechargeable nickel-cadmium battery from General Electric can be plugged
into or soldered to acircuit board.
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expects the primary customers for
the new Data Sentry batteries will
be original-equipment designers and
microprocessor users. Potential applications include microprocessorbased systems for computers, industrial controls, and appliance controls,
as well as single-chip microcomputers, add-on memory boards, and
point-of-sale terminals.
Right on board. Heretofore, engineers had to mount standard cylindrical cells, of the AA, C, or D type,
in special battery clips on the pc
boards. Alternatively, they used
larger rechargeable batteries
mounted off the board. The new
batteries, offered in 2.4- and 3.6-volt
sizes, can be plugged into DIP sockets
or soldered directly to the board.
The battery is built around atiny,
sealed cylindrical nickel-cadmium
cell, the µP 80, which is just under
0.6 inch long and under half an inch
in diameter. The batteries are rated
at 70 milliampere-hours at 15 m&.
Typically, one of the units could
power up ametal-oxide-semiconductor RAM drawing 10 microamperes
for almost four months or a larger
memory drawing half an amp for
more than five minutes. Both batteries are rectangular, measuring 1.67
inches long and 0.6 inch high.
However the 2.4-v unit is 0.67 inch

wide, the higher-voltage unit 0.82 in.
wide. For comparison, a standard
plastic 14-pin DIP is smaller, measuring 0.76 in. long by 0.26 in. wide and
0.24 in. high. Both batteries come in
a black plastic case with four dual
in-line pins. In 100-plus quantities,
the 2.4-v unit costs $2.76, the larger
unit, $4.14.

Charge-coupled devices

Chip helps detect
targets automatically
To get the most out of new imaging
systems planned by military users
for spotting tactical targets, their
operators could do with help in
perceiving such targets as camouflaged tanks and guns, which are
notoriously hard to see on a flickering display screen. Edge-detection
computer routines fortunately can
process the sensor data so as to
enhance straight lines and thus
outline man-made objects boldly.
Unfortunately, even the simplest
algorithms take up to 10 seconds to
detect edges in each image frame.
To overcome this lag, Hughes
Research Laboratories has used fast,
charge-coupled-device integrated-

Bell develops lithium battery
While General Electric Co. has been repackaging nickel-cadmium batteries
into a standby power source for integrated circuitry, scientists at Bell
Telephone Laboratories in Murray Hill, N. J., have been busy developing a
rechargeable lithium battery cell that could be used in larger standby power
sources for telephones and central office equipment.
Key to the advance was the synthesis of a new material, vanadium
disulphide, alayered compound similar to mica and graphite with the special
ability to function as abattery material without permanently changing, either
physically or chemically, during the charge-discharge cycle.
In Bell's one-celled battery, vanadium disulphide is the positive and
metallic lithium the negative electrode. The lightweight cell puts out 2.5 volts,
or about double the voltage of nickel-cadmium cells commonly used to
power electronic devices. By comparison, nickel-cadmium cells are heavier
and put out 1.3 Veach while lead-acid systems are heavier still, but put out
about 2V.
According to Bell, most Ni-Cad or lead-acid batteries operate far below
their expected capacity because considerable fractions of their active materials are uged for mechanical support. Layered compounds would not have
this drawback, but large, practical batteries have yet to be made. However,
Bell continues, apractical lithium-vanadium-disulphide battery "might offer
five to eight times the energy density of alead-acid battery."
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some 20 edge-detection algorithms
fabricated in register architecture
treating the three lines as athree-bythree array of nine separate picture
elements. Straight-edge components
are located simultaneously in horizontal and vertical planes by continuously calculating differences in
weighting charge levels between the
picture elements.
This key charge-weighting technique developed by Hughes is done
by the register's gate structures,
which sense analog charge levels
proportional to image intensities.
Lengths of these gates are varied to
produce equivalent weighted charges
in what Nudd is calling two-dimensional filtering. The CCD circuits
detect edges and control gain and
brightness. They also reject impulse
noise and allow resolution in shadows and bright areas.
A 2-mitz clock rate. At present,
the Hughes CCD circuit takes up only
a 40-square-mil area on a standard
200-mil 2 chip, holding potential of
adding more parallel processing, if it
is desired. In tests, Hughes is operating the prototype at a2-megahertz
Clearer view. Edge-detection computer rouclock rate, edge-detecting still photofines applied with Hughes' CCD chip help an
graphs and then displaying the
operator at a cattode-ray-tube display to
results on avideo monitor.
see targets better by outlining them, as for
Nudd sees no great obstacles in
this personnel carrier and camoulaged tank.
the way to Hughes's goal of using
circuit technology to build a chip the chip to edge-detect at the full 5that helps detect edges almost in real
MHz rate of an ordinary television
time. "The system works anywhere video system. Thus, he thinks the
from 300 to 1,000 times faster than chip-based design could be ideal for
a general-purpose computer," says military smart-sensor projects,
Graham R. Nudd, head of signal which seek to integrate processing
processing at the Hughes Aircraft elements with detectors in order to
Co. unit in Malibu, Calif.
simplify system design and operaA new technique. But two-dimen- tion. In fact, the two-year Hughes
sional image processing with CCDS program is partly sponsored by the
had never been done anywhere, says Advanced Research Projects Agency
Nudd. To build adevice that would of the Defense Department.
simultaneously locate edges in both
The use of CCD technology has
X and Y planes, they devised atech- other benefits, in addition to the
nique called bipolar charge weight- speed, he says. For one, the edge
ing, for which the firm is applying detector is compatible with the CCD
for apatent.
detectors planned for sensing arrays,
The chip contains three parallel and the low power/product requireshift registers that receive image ment (about 0.01 picojoule) allows
data from the primary tube or solid- circuit complexity to support even
state sensor. Each takes one line at a higher performance.
time, so the registers always hold
Further improvements are already
three contiguous lines of the image.
under way, he says, and Hughes is
The 2-d operation is achieved by now testing an adaptive CCD chip,
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which takes the edge-detected image
and sharpens it further with five
additional steps. Some algorithms
for the program were developed by
the University of Southern California's Image Processing Institute. 0

Business

CCIA grows in
influence, members
Few trade associations or professional societies can boast asevenfold
increase in their membership in only
six years of existence. But that is
what the Computer and Communications Industry Association has
done since its founding in 1972 as
the Computer Industry Association.
Now with 47 members—and nine
membership applications pending —
CCIA is still not large, yet the impact
of its operations, especially in Washington, is attracting more attention
in Congress and the Federal bureaucracy than some of its much
larger counterparts.
Much of the credit for CCIA'S
growth goes to its president,
A. G. W. (Jack) Biddle, according to
members attending its Fifth Washington Caucus last month. Unlike
the larger Computer and Business
Equipment Manufacturers Association, made up largely of the big
makers of turnkey systems, much of
cciA's membership consists of independent producers of subsystems,
terminals, memories, and software.
Biddle, a 46-year-old West Point
graduate, recognizes that a large
part of the success of CC1A, which
began life as a vehement critic of
what it regarded as anticompetitive
practices by IBM [Electronics, June 7,
1973, p. 14], stems from the fact
that before its creation "there was no
strong representation in Washington
for the medium-sized company" in
computers and communications.
CCIA differs from CBEMA and most
other trade groups in its oneman—one-vote structure and maximum annual dues of $42,000 regardless of a member company's size,
continues Biddle. Trade associations
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Our New
DualeolarityVoltage Regulator
replaces two singles
for less than abuck.
Replacing 78M and 79M regulators,
this new IC gives you positive
and negative regulation
at 32% lower cost.
How many times have you
reached for two single-polarity
regulators, and wished that the
functions of both were handled
by asingle, low-cost IC?
Wish no more. Signetics
dual-polarity voltage regulators
are here. And each new model
is designed to replace both 78
and 79M devices at a32% savin
They cost only 99e each
hundred quantity. But low price
the only reason to choose our d
polarity regulators for your next de
They also reduce capacitor costs and
crease design flexibility.
Compare Capacitor Costs. Almost
always, a voltage regulator requires input/output capacitors
because it is remotely located
from the power supply filter.
With the 78M/79M approach,
two fixed-composition capacitors (0.14' and 0.33µ4)
and two electrolytics (1.0µf
and 2.01.4,f) must be used. But because of a unique design, our dual:'
polarity ICs use only low-cost, fixed=
composition capacitors (0.1gf). Even when components are purchased in large quantity, the dualpolarity approach can save more than 40e per regulator in capacitor costs alone, when compared to the
78M/79M requirements.
Model
SE/NE5551
SE/NE5552
SE/NE5553
SE/NE5554
SE/NE5555

Voltages
±5.0

±6.0
±12.0
±15.0
+5/-12

lout: 300 mA with heat sinking.
Regulation: 1% Line; 0.5% Load.
Input Voltage: Up to —32V.
SE: TO-99, NE: Plastic DIP

Enhance Design Flexibility. Check the chart
below to select from the five fixed-voltage models now
available. Continuously adjustable, each
1 model can be balanced/unbalanced simply by using shunt resistors. This
feature enhances design flexibility
during development or small production runs. Internally currentlimited, our dual-polarity regulators
are also fully protected against thermal overload. And they come in a
choice of packages: either acommercial-grade plastic DIP— or a TO-99
specified over the full military
temperature range.
Now's the time to start designing in the Signetics dualpolarity regulators for future cost
savings and reduced parts count.
And if you're designing a
single-polarity power supply,
don't forget that we also have
a complete line of 3- and
4-terminal, single-polarity
regulators. To get complete
technical information and a
quick response to your specific
needs, complete and mail the
coupon below.

After

SigillltiCS
asubsidiary of U.S. Philips Corporation
Sign,

To: Signetics Information Services, 811 E. Argues Ave.
P.O. Box 9052, MS 27, Sunnyvale, CA 94086

Please send data sheet and application note for:

D
D

Dual-Polarity Regulators
Single-Polarity Regulators

Name

Title

Company

Division

Address
City

D
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Cor porator

811Easl Argues Avenue
Sunnyvale.CaMorne 94086
Telephone 408/739-7700

MS
State

Zip

My need is immediate. Please have your local sales
representative provide me with afree sample.
Phone (
EM 316
Circle 43 on reader service card
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Influencer. Working on it drop by drop, Jack
Biddle hopes to have an impact on legislation that will increase competition.

usually assess dues on a company's
annual sales, with the biggest contributors wielding the greatest clout.
Within the community of associations lobbying the Federal government, the group's clout is increasing.
This was evident at its Washington
meeting, which drew such speakers
as Sen. Edward Kennedy (D.,
Mass.), chairman of the antitrust
and monopoly subcommittee; Sen.
Ernest Hollings (D., S. C.), chairman of the communications subcommittee; John Shenefield, assistant
attorney general for antitrust affairs;
and a handful of other stars in the
Federal government establishment
concerned with computer and communications issues.
Antitrust stance. Though Biddle
acknowledges that CCIA is trying to
shake its anti-IBM and, more recently, anti-AT&T images, the association's strong position in favor of antitrust reforms accounts for a large
part of its acceptance within the
bureaucracy. Sen. Kennedy's CCIA
keynote address declared, for example, that "this is clearly a unique
gathering of businessmen" in view of
its support for increased competition
in communications and for antitrust
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reforms. Then the Justice Department's Shenefield paid tribute to the
members' solid support of his efforts
"to promote competition and preserve the vitality of the freeenterprise system" in aworld "where
we have surprisingly few allies from
business."
Many of ccIA's positions are
uncommon. Biddle contends this is
because its members' chief executive
officers are almost all "first-generation creators of companies, most of
whom didn't exist in 1960, and many
of whom have come close to Chapter
XI bankruptcies and came out of it."
What troubles many of them, he
points out, is that "Federal policy is
often made by lack of policy,"
leaving development of competition
and things like industry standards to
be set, de facto, by the giant multinational firms.
Can CCIA change that? Biddle
believes it can make a major contribution but concedes that bringing
about change in the capital is painfully slow —"like Chinese water torture, drop by drop, until you finally
get apiece of legislation."
CI

Computers

DEC mainframe has
16-k RAMs, bit slices
Advanced semiconductor technology
is the key to what officials at Digital
Equipment Corp. say is the lowestpriced mainframe introduced to
date. The minimum configuration of
the Decsystem-2020 will sell for
$150,000, a price that makes it
competitive with some recently introduced minicomputers.
The 2020, as well as the much
larger 2060 mainframe also introduced late last month, are new
entries in the Decsystem-20 family.
DEC officials believe the 2020 will be
the first mainframe to make volume
use of the 16,384-bit metal-oxidesemiconductor random-access memory in its main memory and could be
the first with a bit-slice microprocessor in its central processing unit.
Because of its low power consump-
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Powerful frame.

Product

manager

Per

Hjerppe stands before mainframe of Decsystern 2020, which dissipates just 1.400 watts.

tion and compact size, the mainframe does not need airconditioned
coddling in aspecial computer room,
which could cut installation costs.
Volume in July. Both the Decsystem-2020 and -2060 will begin
volume shipments in July from the
company's Large Computer Group
in Marlboro, Mass. The 2060, like
the other members of the family (the
2040 and the 2050), has a CPU
implemented in emitter-coupled
logic, a superfast but power-hungry
logic family.
In contrast, the 2020's central
processor is designed around towpower Schottky transistor-transistor
logic. Its power consumption of
approximately 1,400 watts is the
amount needed by such consumer
products as a hand-held hair dryer,
and it operates from standard 110volt lines. However, the big contributors to the 2020's low price and
compact 5-foot-height are the 16-k
RAMS and the 2901 4-bit bit-slice
microprocessor family on the processor's data-path execution board. It is
in that board that the actual instruction execution takes place, with the
2901s decoding the bit pattern
coming from memory to determine
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OUR EPROM PROGRAMMER
DOESN'T HAVE ANY
PERSONALITY PROBLEMS

Personality modules are obsolete. Simply set the selector
switch for the EPROM you
want to program and you're
off and running. No more expensive personality modules or extra RAM
memory to buy. Our SMI-800 gang programmer is microprocessor-based so all
functions are standard, not expensive addons. Even the RS232-C and 20mA current
loop interfaces are built in.
Goof proof programming. Address and data
lines to each of the eight device sockets are
individually buffered. That means you can't
destroy the master EPROM or mis-program
copy EPROMs. In fact, you can't even plug
one into the wrong socket.
You can, however, load and test programs
through aterminal, adevelopment system,
another computer, or optional paper tape
reader. Baud rate is set automatically. You

can also change the program,
move memory around, or even
insert new data using the extensive set of editing commands.
We're multilingual. The control panel permits full command of the entire
programming cycle, rapidly and accurately.
And, you get full editing capability in different number bases—binary, octal, decimal, or
hexadecimal. The paper tape reader accepts
Intel, Motorola and MOS Technology formats, as well as BNPF, binary, and ASCII
hexadecimal.
Immediate delivery. The complete SMI-800
EPROM programmer sells for only $3850—
considerably less than Data I/O or Prolog
programmers. The paper tape reader is optional. Order today and we'll ship tomorrow.
Shepardson Microsystems, Inc., 20823
Stevens Creek Blvd., Bldg. C4-H, Cupertino,
CA 95014 (408) 257-9900.

Sltepardson
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IBM, HP price cuts

more than areaction

Suddenly the small- and medium-scale mainframe computer market saw
action the last week in February as the announcement of Digital Equipment
Corp.'s 2020 and 2060 computers was followed by price reductions of up to
20% both in Hewlett-Packard Co.'s HP 3000 series and in IBM Corp.'s
370/ 138 and 370/148 computers. The timing of the reductions is more than
coincidental—the comparable HP 3000, now $11,000 less at $129,000, but
with a smaller 320-kilobyte memory, was described by DEC as directly
competitive with the 2020, and the company's high-end 2060 is aimed at the
IBM 370/138 and 370/148 markets. A comparable 148 is now $658,450,
down from $799,000.
While decreasing hardware costs may have prompted HP's price reductions, IBM's announcement was predictable ever since it brought out its
latest processors, the 3031 and 3032, in November. The 3032 offered better
than twice the performance for the same price as the 148.
Although competitive position is one cause, price reductions are to be
expected as a result of large-scale integration 's entry into mainframe
designs and the exploitation of its price-performance benefits. "We're seeing
declining prices in computers across the board because of the increased use
of LSI," comments Computer and Communications Industry Association
president Jack Biddle (see p. 42). He adds that the mainframe activity is also
aresult of other factors: "There is increasing pressure from the minicomputer
area and in the growing number of sophisticated users who are less afraid to
go to multiple vendors and build their own systems."

Communications

AMI charts
broad attack

Everyone agrees the market for
large-scale integrated circuits in
telecommunications will be enormous. Already there is ashift away
from custom designs to dedicated
products aimed at satisfying arange
of customers, with large chunks of
communications subsystems on programmable chips. Major efforts are
under way at such newcomers to
telecommunications as Intel, National Semiconductor, and Signetics.
But the effort is perhaps nowhere
greater than at American Microsystems Inc., the largest single U. S.
supplier of custom metal oxide semiconductors to the communications
industry. The Santa Clara, Calif.,
firm is dipping into its arsenal of
what instruction should be executed. include the IBM 370/115 and the low-power complementary-mos and
There are just four circuit boards in
HP 3000. A typical 2020 will speedy, dense vertical-groove mos
the new processor, compared to 52 in
serve 8to 20 on-line users, with the devices to mount an attack that
the CPU for others in the Decsystemlargest configurations accommodat- relies on both dedicated and semi20 family.
ing up to 32. A typical 2060 can custom devices. AMI is going after
The impact of th& 16-k RAms on
handle 30 to 80 users and will sell for three areas: subscriber telephone
the 2020's size and price cannot be
between $600,000 and $700,000. sets, private automated branch exunderestimated, says product manBoth new systems are fully software- changes and central-office switching,
ager Per Hjerppe. "We can fit 256
compatible with other Decsystem-20 and data communications.
kilobytes of main memory on one
computers and run the Digital
AMI already has introduced ateleboard," he points out, "so we can get
Equipment's TOPS-20 operating phone-set part—the S2559 digital
2 megabytes on eight boards. That
system.
tone generator that produces lowcompares with just a half million
TOPS is key. Frederic "Ted" Withdistortion (less than 2%) signaling
bytes with 4,096-bit RAMS on eight
ington, senior staff member and
tones. A few months away are the
boards of the same size."
computer industry authority at Ar- S2560 key pulser for push-button
Ronald Bingham, engineering prothur D. Little Inc., is impressed with
sets and S2562 repertory dialer.
ject leader for the 2020, adds that
the 2020's cost. "This represents a
Turning to switching and data
each of the 10 2901 chips in the
really remarkable demonstration of communications, AMI is developing
system is equivalent to about 400
price reduction in a mid-range com- two dedicated Est chips that can
logic gates and "effectively, we've
puter," he observes. He puts his serve different applications when
taken some of the boards in the
finger on the TOPS-20 as the key to operating with the 6800 microproprocessor used in the rest of the
the 2020's importance. "That's a cessor. These are the S2811 signalDecsystem-20 family and put them
more general-purpose data-process- processing peripheral and the S2815
on asingle chip." The 2901 family is
ing operating system," rather than a programmable communications conalso built with low-power Schottky,
scientific time-sharing system, "and troller, both fabricated in v-mos. For
which further reduces power conmeans that DEC will be out there these, AMI uses amobile array techsumption. The 2020's CPU has a competing with the biggies" in busi- nique in which, as in gate arrays or
switching power supply about a ness data processing. He says DEC's uncommitted logic arrays, "you slap
quarter the size of the unit required
32-bit minicomputer, VAX-11/780, on the final metal to program the
for the Ecubased machines.
may sell more units than the 2020, circuit," explains Richard R. Blasco,
The $150,000 2020 with 512 kilo"but the 2020 could be more impor- senior engineer for communications
bytes of main memory is expected to
tant to DEC in terms of new customer products. Once the chip's developcompete with mainframes that incapture."
E
ment cost is amortized over many
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GI's PIC 1650 series are the ideal microcomputers for low cost, high volume applications.
These 8-bit single-chip stand alone controllers will add
new dimensions to your appliance, automobile, vending
machine, home entertainment unit or any number of other
products. Emphasis is on versatile control.
GI Microelectronics has put more on its PIC 1650 chip.
There is no other low-cost microcomputer that matches
its performance. This allows you to include many features
beyond the capability of other low-cost microcomputers.
So you have less to buy, inventory, test and assemble.
The PIC 1650 has a512 by 12-bit ROM and a32 by 8-bit
register for read/write memory. Four sets of eight TTL compatible1/0 lines and on-chip clock are other characteristics

of this chip, all in asingle 40 lead DIP.
If you're pressed for space (and can live with less I/O)
try the PIC 1655, available in aspace-saving 28 lead DIP.
GI engineers stand ready to assist in your important
move to "microcomputerization." They've got software and
development systems. And they have the ROM-less PIC
1664 for plug-in circuit emulation—using achoice of programmable ROM or RAM. Call or write the low-cost, singlechip microcomputer system experts. General Instrument
Microelectronics, 600 West John Street, Hicksville, New
York 11802, Telephone: (516) 733-3107.
We help you compete.

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS

El
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products, he believes AMI could
supply even low-volume users with
this semicustom approach.
The S2811 signal-processing peripheral, to be available in samples
late this year, is AMI'S first v-mos
venture outside memories. It is a
special-purpose arithmetic processor
with on-chip memories, multiplier,
adder-subtractor, and accumulator
in apipeline structure for maximum
throughput. It performs a 12-bit
multiply in 300 nanoseconds.
The S2815 programmable communications controller may be used
as either amaster or aslave processor. The 40-pin package, which, like
the processing peripheral, runs on a
+ 5-volt supply, contains such communications-oriented features as a
counter-timer, feedback shift register, variable word addressing, bitwide logic operations, and serial
word manipulation.
PCM family. AMI'S third set of
products involves a pulse-code modulation family of general-purpose LSI
parts. They provide microprocessorcontrolled voice-band signal-switching and -processing capability for
central-office equipment, PABX gear,
and key telephone systems. First out
will be the S2563 PCM coder-decoder
late this year. Based on n-channel
silicon-gate technology, the codec
fits on a single chip and has a
conversion time of 24 microseconds
for encoding and 3eis for decoding.
A power-down mode holds average
power to less than 50 milliwatts.
Other parts will include the S2813
PCM aliasing filter for PCM-encoded
voice-band signals, the S2819 PCM
switch, analog and digital line-interface devices, and a frame assembler
for the programmable communications controller.
El

News briefs
Comsat, IBM seek to expand satellite data tests
Having demonstrated that a satellite can handle high-speed data communications between one computer in the U. S. and another in France, Communications Satellite Corp. and IBM Corp. have asked the Federal Communications Commission for permission to expand the tests to two more sites—one
in the U. S. and another in Germany. The tests, completed late last year,
achieved two telecommunications firsts. It was the first time that two large
computers (IBM 370/158s) were connected via a 1.544-megabit-per-second channel, and it was the first full implementation of the high-level data-link
protocol, the new international computer communications standard.
Modcomp adds minicomputer family
Modular Computer Systems Inc., Fort Lauderdale, Fla., has introduced a
Classic series of minicomputers for industrial and scientific applications.
Instructions have aword length variable from 16 to 64 bits, memory may be
any mix of core or semiconductor up to a half megabyte, and special
software has been developed for controlling continuous and batch
processes.
Optical analyzer award coming
The Air Force Avionics Laboratory, Wright-Patterson Air Force Base, Ohio,
expects to pick contractors next month for its optical spectrum analyzer.
Used in electronic warfare, the analyzer will identify signals in dense electromagnetic environments [Electronics, Dec. 22, p. 29]. Goals are a 400megahertz bandwidth, 4-MHz resolution, and 30-decibel dynamic range.
Components including lenses and waveguides will be built as thin films.
Wescon/78 rescheduled, pared to three days
The 27th annual Western Electronic Show and Convention in Los Angeles
has been moved up to Sept. 12-14. Originally, Wescon /78 was planned as a
four-day convention from Sept. 19-22, but was rescheduled at the request of
the Los Angeles Convention Center management to resolve a conflict with
another convention, says the show's general manager, William C. Weber Jr.
The reduction to three days, the same format used last year to avoid conflict
with areligious holiday, will be the Wescon format from now on.
AIL cuts workforce by 10%, cites B-1 decision
Cutler-Hammer Inc. 's AIL division in Deer Park, N. Y., has begun laying off
approximately 10% of its 2,800-employee workforce, citing the Carter
Administration's curtailment of B-1 bomber production as the reason. The
division was to have produced the sophisticated electronic countermeasures
systems for the Air Force bomber.
TI unveils new intelligent terminal
Texas Instruments Inc. of Dallas has taken the wraps off an intelligent
terminal designed for a distributed-processing environment. Introduced at
Interface/78, the data communications conference and exposition in Las
Vegas, the new 774/1 uses PPL 700 programming language, has two
floppy-disk drives, and accommodates up to four of Ti's 911 video displays.

Packaging & production

Scanning laser
senses wafer defects
A laser system is not only faster than
aperson using an optical microscope
to inspect asilicon wafer for flaws—
it can also make calculations that
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indicate the wafer's quality, report
engineers at Texas Instruments Inc.
Their laser surface analyzer takes
just a few seconds to scan a 3-inch
wafer for surface defects that scatter
its light. In contrast, an inspector
peering through a microscope can
take as long as aminute.
The instrument was described last
month at the Conference on Laser

and Electro-Optical Systems in San
Diego. It was developed under a
contract from the Air Force Avionics Laboratory at Wright-Patterson Air Force Base, near Dayton,
Ohio, as part of a program devoted
to studying automated wafer-inspection methods.
The firm is not saying whether it
plans to apply the analyzer to its own
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IDreamed...
Ibought a12 Bit Data Acquisition System for $137.50*
That's no dream. You can slash costs today with aµ, p-compatible, 16 channel, dual-in-line system.
By combining our MN7130 multiplexed S/H amplifier and our popular ADC80 12 Bit A/D,
you achieve a30KHz thruput rate in only 2DIP's! Wake up to
Micro Networks. where designers' dreams are realized.

C .7
V-

Micro Networks Corporation
324 Clark Street, Worcester, Massachusetts 01606

(617) 852-5400 •TWX: 710-340-0067

*100 quantities.
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ELECTRONICS
CATHODE-RAYTUBE DISPLAY

DEFECT
COUNTER

PHOTODETECTOR

MITEL
WINNER
OF THE 1977
IEEE
TOP CANADIAN
COMPONENT
AWARD
MITEL'S MD4301
CMOS/LSI DETECTOR/TIMER

•65Vto 12 5VOperation
•yet Input Amplifiers

•Standby Current— Less than 25
•On-Chip DRIVER —Over 300 mA

•Low-Battery Warning

•Audio Oscillator —1 Hz to 20 KHz

•Led DRIVER —Over 20 mA •DC or AC Output Signals

IDEAL FOR
•Smoke/Fire Detectors —Ion Chamber and
Photoelectric Types.
•Gas Detectors—Natural, Propane, Silane, Etc
•Temperature Detectors—Freezers, Stoves, Furnaces,
Environment
•Pressure Detectors—Weights, Forces, Strains,
Movements
•Timers/Controllers—Burn-In Units, Sprayers,
Heaters, Etc.

For more information write or phone:
(

Allni
. 044

1745 JEFFERSON DAVIS HWY
SUITE 611
ARLINGTON, VA. 22202
TEL 703-243-1600

W
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X-Y RECORDER

LASER

OSCILLOSCOPE

BEAMCOLLIMATING
AND
-FOCUSING OPTICS

PRISM

WAFER PHOTOOETECTOR

BISPHERICAL
CONDENSER

WAFER
SCAN AND SPIN
CONTROL

SPIN AND SCAN
STAGE

Analyzer. Semiconductor wafer is spun about so that laser beam scans across its surface
Scattered light, picked up by photodetector, is used to determine defects,

production lines. But "we feel it has
demonstrated itself to be a viable
production inspection method," says
Lloyd Crosthwait, manager of process analysis for semiconductor research and engineering at Ti's Semiconductor Research and Engineering
Laboratories in Dallas. He is coauthor of the San Diego paper with
TI'S Pradeep Shah.
Feasible. The instrument was
made only to demonstrate the feasibility of the principle, Crosthwait
says. The inspection process, which
detects defects as small as 0.8 micrometer, has been automated for both
metal-oxide-semiconductor and bipolar wafers containing large-scale
integrated circuits, he adds. TI is now
using its own funds to simplify the
analyzer, which fits atop a laboratory bench.
The analyzer is built around a
commercially available 15-milliwatt,
helium-neon laser. Its collimated
beam is reflected from a prism and
aimed through a bispherical condenser lens at the wafer's surface, as
illustrated in the drawing. The
presence of a wafer, placed in posi-

tion by an operator, is sensed by the
wafer detector, which generates a
start pulse that initiates the inspection. The laser spot rapidly scans the
wafer surface along atightly wound
helical path created by simultaneously shifting and spinning the
wafer. Light scattered from the
surface is collected by the lens and
detected by a photomultiplier. Surface defects such as roughness,
scratches, pits, films, and just plain
dirt all scatter light.
Derived data. The electronics following the photodetector tube make
the calculations that measure the
quality of the wafer. Thus, not only
are the absolute number of defects
counted, but the analyzer also
calculates their distribution and
their variation from one wafer to the
next. A gross surface defect like
roughness can be evaluated, for
example, by integrating the local
scattered light and comparing the
result with apredetermined value.
Defects may also be displayed on
amap of the wafer on acathode-ray
tube, and derived defect data may be
plotted on an X-Y recorder.
El
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Oliver O. Ward,
President,
Germanium Power Devices Corporation.
Sometimes known as
Oliver Germanium.

Still growing.
Germanium Power Devices
Corporation is rapidly becoming the
world's No 1source for Germanium
semiconductors.
We make all the well known JAN
and EIA Germanium 2N numbers.
We make most of the
PRO-ELECTRON families; AD, ADY,
ADZ, ASZ, AU, AUY, and ASY.
And we can now replace
practically all the Germanium
products you used to buy from
Motorola (M P500-506, 2N4276-4283,
4048-4053), Delco (DTG110, 2N1100,
DTG2000-2400A), GE (2N319-324,
524-526, 1370-1381, 1413-1415, 1924-1926),

Siemens, Mullard, SGS-ATES, and
Thomson.
Our range goes from 150mW
small signal to 100A power, in
packages of all shapes and sizes.
Germanium is here to stay.
We'll be making Germanium
devices as long as you, the customer
want them.
Send for our latest catalogue or
let us know your specific problem.
GPD, Box 65, Shawsheen Village
Station, Andover, Mass, 01810.
Tel: (617) 475-5982.
Telex: 94-7150 GPD Andr.

Germanium Power
Devices Corporation
The Germanium Manufacturers
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EVERYTHING YOU NEED, WHEN YOU NEED IT.

You won't find afuller spectrum of parts and processes than
those covered by Fairchild's Unique Il program. And nobody
can deliver them faster.
We're equipped to meet your reliability cost and availability
objectives. From the simplest transistor to the most complex
microcircuit. If it's on your list, odds are it's on ours.

BRING US YOUR REQUIREMENTS.

The Unique II program provides full-compliance JAN
microcircuits to MIL-M-38510D.
Full-compliance JAN, JAN TX
and JAN TXV diodes and transistors to MIL-S-19500. Full-spectrum
processing including MIL-STD-750
FULL
COMPLIANCE
and MIL-STD-883B with your
JAN
choice of screening/test flows.
We also offer aunique Fairchild
CLASS Xprogram to accommoJAN MIL-S-19500
JAN MIL-M-38510D
for DIODES
date your requirements for special
for MICROCIRCUITS
8TRANSISTORS
flows, product performance,
documentation and control.

UNIQUE II

FCLASS X
(SPECIALS)
for MICROCIRCUITS.
DIODES 8
TRANSISTORS

MIL-STD-750 8
MIL-STD-8838
PROGRAMS

FSLASH 750
(MIL-S- 19500
Slosh Sheet
Processing 8JAN
Electricals) for
TRANSISTORS

FSLASH 8838
(MIL-STD-883B 8
JAN Electricals)
for MICROCIRCUITS

F8838
(MIL-STD-883B
8Fairchild Electricals)
for MICROCIRCUITS
8 DUAL
QUAD TRANSISTORS

EXPERIENCE YOU CAN TRUST.

Fairchild is an old hand at meeting tough aerospace/defense
requirements. We've got components in avionics equipment,
satellites, missiles, ground support equipment and communications
equipment. Recently we've supported such programs as the
F14 and F18, F15 and F16, MX, MINUTEMAN, TRIDENT, CAPTOR,
PATRIOT and the SPACE SHUTTLE.

GET THE WHOLE SHOPPING LIST.

For adetailed description of our Unique II program, please
contact your Fairchild distributor, representative or sales office.
For an immediate response to aspecial problem or question,
please use the direct line at the bottom of this ad. For acopy of
our new Unique II brochure, please write Fairchild Camera
and Instrument Corporation, P.O. Box 880A, Mountain View,
California 94042. Tel: (415) 962-2711. TVVX: 910-379-6435.
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CALL US ON IT.
(415) 962-2711
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YOU CAN'T BUILD
ASINGLE ±-1011 CMOS
ANALOG SWITCH
THIS GOOD FOR UK
Try them in your application. Free.
Part
No.

IH5040
IH5041
IH5042
IH5043
IH5044
IH5045
IH5046
IH5047
IH5048
IH5049
IH5050
IH5051
IH5052

Type

RON

SPST
Dual SPST
SPDT
Dual SPDT
DPST
Dual DPST
DPDT
4PST
Dual SPST*
Dual DPST*

7511
7511
7511
7511
7511
7517
7512
7511
35S/
3511
35Q

STDT*
Dual SPDT*
Quad SPST*

3511
75ft

'Not available in plastic.

Make your own comparison.
Min./Max.

Intersil
IH 5040-47
CMOS

Intersil
IH5048-52
CMOS

Harris
HI5040/51
CMOS

Siliconix
DG 300
Family
CMOS

National
LF13331
Family
BI FET

Tex. Inst.
TL 182
Family
BI MOS

Supply Current
Ton
Toff

10 µA
500nS
250nS

10µA
250nS
150nS

300 µA
1000nS
500nS

500µ A
300nS
250nS

6,000 µA
N/S*
N/S*

5,000 AL A
N/S*
N/S*

Isolation

54dB @
1MHz
15m Vp-p

54dB @
1MHz
10m Vp-p

75db @
100 KHz
20m Vp-p

N/S*

N/S*

N/S*

N/S*

N/S*

N/S*

75R

3512

75/35R

5017

2001.
2

75R

lnA

lnA

N/S*

InA

5nA

lnA

2nA

2nA

N/S*

2nA

5nA

2nA

YES

YES

NO

NO

YES

YES

YES
YES

YES
YES

YES
YES

YES
NO

YES
NO

NO
NO

j--15V, +5V

-±15V, +5V

-±15V, +5V

±15V

±
-15V

±15V

Charge Injection
DS (ON)
ID (OFF)
or ID (ON)
ID (ON) +
IS (ON)
TTL Compatibility
Break Before
Make
Second Sourced
Power Supplies
Required
R

Send for App Note A003 "Understanding the Analog Switch!'
54
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Bull, YOU CAN BUY

FOUR FROM INTERSIL
FOR $4.50.
vL

si

D1

s3

D3

I
Ni

IN2
N2

s2

D2

s4

D4
S4

V

V2
VR

V2

THE1115043
LOW, LOW POWER,
POSITIVE LOGIC.
BEST PERFORMANCE.
LOW COST.
Intersil's IH5040 family of
analog switches provides inputs
compatible with virtually all logic
INTERSIL SALES OFFICES: CALIFORNIA:
Sunnyvale (408) 774-0618, Carson (213) 532-3544
COLORADO: Denver (303)750-7004 •FLORIDA:
Fort Lauderdale (305) 772-4122 •ILLINOIS:
Hinsdale (312) 986-5303 •MASSACHUSETTS:
Lexington (617) 861-6220 •MINNESOTA:
Minneapolis (612) 925-1844 •NEW JERSEY:
Englewood Cliffs (201) 567-5585 •OHIO: Dayton
(513) 866-7328 •TEXAS: Dallas (214) 387-0539
CANADA: Brampton, Ontario (416) 457-1014
INTERSIL FRANCHISED DISTRIBUTORS:
Advent/Indiana •Alliance Electronics •Arrow
Electronics •CESCO •Century Electronics
Component Specialties •Components Plus
Diplomat/IPC •Diplomat/Southland •Elmar
Electronics •Harvey/Binghamton •Intermark
Electronics •Kierulff Electronics •LCOMP
Liberty Electronics •R.A.E. Ind. Elect. Ltd.
RESCO •Schweber Electronics •Sheridan
Zentronics

families, and, power dissipation
30 or more times lower than
competitive devices.
With a22V peak to peak signal
range and negligible leakage
currents, these switches are the
ideal choice for any micropower
application. They're available in

El

El L

Analog Products— Hybrids/Gates
10710 North Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171
(800) 538-7930 (outside California)

Gentlemen,

_For afree sample of the 5040 family switch
if
attach this coupon to

Send me literature and data sheets

Send me App Note A003 "Understanding theletterheadyour company
Analog Switch"
_Send me your new 20 x24 Victor Hugo poster
Name
Company
Address
City

Circle 55 on reader service card

commercial and military temperature ranges; in DIP's, flat-packs and
TO-100 cans.
Choose the Intersil analog
switch that fits your application.
Fill in the coupon below.. and we'll
have your switch and the A003
App Note on the way. Pronto.

State

Mailing Code

Country

The moving company bent
2 of the legs on the

right work

bench, moved 3 boxes labeled "trash, do
not move", and scratched Sue's desk! Otherwise, our overnight affair went rather well. Last
month we showed you the before, now the after...
filled with the people and equipment to keep over
1,000,000 burn-fin positions in operation..

24 hours a

day... 7 days a week. We at Reliability, Inc. are dead
serious about our work. And it shows — in seven short
years we've become the largest independent burn-in and
testing facility In America. And from our new 45,00C sq.
ft. plant, we plan on doing a dot more growing. In
another issue of this magazine we'll give you a

Reliability, Inc.

close-up !!ook at the focus of much of this effort —

burn-in facilities. Write

or cal , us for more

rlformation.

We'll respond reliably.

P.O. Box 37409/Houston, Texas 77036
713/492-0550/TWX: 910-B81-1739
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Washington newsletter
Navy's costs
double on Lamps
antisub chopper

Pitting AT&T
against IBM called
harmful to industry

TI TV tuner spurs
FCC look at better
use of spectrum

Navy cost estimates for its new shipborne antisubmarine helicopter, the
Lamps Mark III, have soared to an estimated unit price of nearly $20
million, say congressional sources. The figure is more than double initial
estimates and was disclosed after Defense Secretary Harold Brown told
Congress that Lamps program costs were up, though he did not mention
by how much.
United Technologies Corp.'s Sikorsky division is the prime contractor.
It received $10.8 million in preproduction funds early this month, an
increment on a $109.3 million contract for five prototypes. IBM Corp. is
system integrator for Lamps, as well as subcontractor for on-board
displays, while Raytheon Co. provides the electronic warfare system.
Control Data Corp. supplies the AYK-14 computer, and other avionics
suppliers include Fairchild Industries, Interstate Electronics, and Texas
Instruments. The Navy wants $124.5 million for Lamps RDT&E in fiscal
1979, up 16% from this year.

Free-wheeling telecommunications competition between AT&T and IBM
could damage industry development by bringing unendurable economic
pressures to bear on other companies "caught commercially in this 'freefire zone' without very deep pockets." That is the view of John Shenefield,
assistant U. S. attorney general for antitrust. "Compounding the problem," Shenefield told the March meeting of the Computer and Communications Industry Association in Washington, "is that neither of these
giants has aparticularly laudable record in terms of the tactics used to
meet competition."

The Federal Communications Commission is preparing an April inquiry
into ways to use the uhf spectrum more efficiently. It follows an FCC
Laboratory assessment of a prototype TV tuner from Texas Instruments
that rejects uhf interference so well that it would make closer channel
spacing possible and double the number of uhf channels. The inquiry is
being put together by FCC chief engineer Raymond Spence.
TI developed the tuner at its surface-wave technology laboratory using
surface-acoustic-wave filters and metal-semiconductor field-effect-transistor components. Clinton S. Hartmann, manager of the lab, abranch of
the TI Central Research Laboratories, delivered adetailed report on the
tuner with the prototypes to the FCC, which had its laboratory test them
and report back. Copies of both reports are available at Spence's office.
While the prototypes indicate atuner cost increase of about 40% to nearly
$32 from existing uhf tuners, Hartmann told the FCC that these costs could
be cut by the production learning curve.

The National Telecommunications and Information Administration
expects to be operating in the Commerce Department about April 1,
operations April 1
according to Henry Geller, the new assistant secretary nominated to head
it. Geller, appearing before aHouse Appropriations subcommittee on the
NTIA budget request of $11.9 million, says the new policy-making group is
to be created by merging the department's Office of Telecommunications
with the former White House Office of Telecommunications Policy. NTIA'S
first priority, Geller says, will be the common carrier industry, which
"has been in constant turmoil for the last decade."
NTIA to begin
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Washington commentary
Can NTIA make telecommunications policy?
Even though the National Telecommunications
and Information Administration is not yet officially in place in the Department of Commerce,
it is already coming under fire. The fundamental issue on which critics in Congress and
industry agree is that the new agency will be a
poor substitute for the defunct Office of Telecommunications Policy in the White House,
being too far removed from the President.
Nevertheless, that is Carter's choice, and it
seems certain to slip through Congress without
much fuss.
The NTIA merges what was left of OTP with
the Commerce Department's Office of Telecommunications and will be headed by Henry Geller
with the title of assistant secretary. The Carter
budget for fiscal 1979 proposes giving it abankroll of just under $12 million, some 60% more
than it got this year. The increase adds 35
people to the agency staff, bringing it to atotal
of 310, and hikes its spending level by 22% to
approximately $9 million. Of that figure, an
extra $1.8 million or so will go for policy studies, mostly in the area of common carrier regulation, while $200,000 more will be laid out for
things like studies of "the economic, technical,
and legal perspectives of radio spectrum scarcity" to enhance applications of telecommunications technology. Those numbers seem laughable to the Washington telecommunications
community, which talks only in terms of several
millions.

some kind, or an information policy council to
provide the domestic telecommunications policies that are so badly needed. Such a council
appeals to many telecommunications industry
leaders provided they are represented on it.
Hollings' and others' support for NTIA, as they
make clear, stems largely from the fact that "it
is better than nothing at all," to quote one of
them. Hollings is concerned that "at present
there is no policy—there is no one in control, no
person minding the store that you can go to for
adecision. There is no coordinated telecommunications planning. As aresult, technology that
should be providing only the force for change is
itself providing the direction of change and, in a
sense, is actually determining policy."
The senator's views sat well with the members
of the Computer and Communications Industry
Association when he addressed their Washington meeting early this month. Made up
largely of relatively small producers of telecommunications and computer equipment, CCIA
warms quickly to signs of Government support
for its efforts to open telecommunications
markets to greater competition.
Congressional action

The creation of NTIA goes a step toward
filling the vacuum in Federal telecommunications policy making. But it is no more than a
first step. If the Carter Administration insists on
leaving the development of national telecommunications policy in one small corner of the
Weakened charter
Department of Commerce, then the President is
Concern is also being expressed about NTIA'S giving a clear signal to the Congress that he
new charter, already weakened by successful
either does not recognize or is unable to cope
jurisdictional grabs by the Departments of with the dimensions of the issues involved. Sen.
Defense and State, the Office of Management
Hollings, for one, has come to recognize the
and Budget, and the General Services Adminisproblems facing telecommunications. "The martration. Yet Sen. Ernest Hollings (D., S. C.),
ket is growing continually and spinning off new
chairman of the communications subcommittee,
markets," he says, conceding that trying to
believes the draft Executive Order establishing grapple with all of them effectively produces a
the new agency gives it "a respectable mandate" sense of frustration akin to that "of a monkey
despite these scars. "With aggressive leadership trying to make love to afootball."
from the Secretary of Commerce and the White
On the House side, the Commerce DepartHouse, it has a chance to succeed," Hollings
ment's subcommittee on telecommunications is
says. John Shenefield, assistant attorney general clearly farther along in dealing with the issues
for antitrust, is somewhat more optimistic about
[Electronics, March 2, p. 55]. Under Rep. Lionel
NTIA'S future, particularly in the area of televan Deerlin (D., Calif.), the members plan to
communications policy making, if only because complete their rewrite of the 1934 Communicahe believes Henry Geller is "the very able and
tions Act so it can be put to a vote before the
very aggressive sort of fellow" needed to make year is out. By that time, they expect to be ready
the new agency work.
to address the issues, too. Then Jimmy Carter
Hollings is taking soundings on the possibility should have a piece of legislation telling him
of supplementing NTIA with the formation of a that NTIA, however effective, is not enough.
White House communications policy council of
Ray Connolly
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Sprague...Prime source for

SOURCE DRIVERS
HIGH-VOLTAGE, HIGH-CURRENT INTERFACE ICs
Sprague Source Drivers are "high-performance" integrated circuits targeted for low-level logic applications requiring interface
to solenoids, MUXed LEDs, lamps, vacuum fluorescent displays,
stepping motors, telecommunications relays, triacs, SCRs, PIN
diodes, and other high-level peripheral loads. Inductive-load
drivers incorporate internal diodes for suppression of voltage
transients. All types have input current-limiting resistors for
compatibility with standard logic families.

• Series UDN-2980A 18-lead DIP devices are 8-channel source
ICs for general applications, including MUXed LEDs (segmentdriver/common-cathode; digit-driver/common-anode), lamps,
relays, solenoids, motors, triacs, etc. An appropriate logic "1" on
the input switches the output "on": an input inverter buffers the
high supply voltage from the logic circuitry. A prime application
is the replacement of current-sinking ICs which may experience
logic malfunctions associated with high ground currents (IR
buildup) or ground noise.

• Type UDN-2956A and UDN-2957A 14-lead DIP designs are
customarily used for switching the ground side of telecommunications relays (usually — 48V). Positive input and "enable" levels
activate the output load.

• Type UDN-6118A and UDN-6128A 18-lead DIP devices are
intended for vacuum fluorescent display interface. A positive
input signal causes the driver outputs to switch high. Internal
pull-down resistors minimize component count as well as reduce
circuit cost.

100e
eel
1
Application
Type
Number

Telecommunications Relays, PIN
Diodes, &General-Purpose Power

LEDs, Relays, Motors, Lamps, Triacs,
Solenoids, &General-Purpose Power

Vacuum Fluorescent Display
Segment and Digit Driver

UDN-2956A

UDN-2957A

UDN-2981A/83A

UDN-2982A/84A

UDN-6118A

UDN-6128A

80V

80V

50V (UDN-2981A)
80V (UDN-2983A)

50V (UDN-2982A)
80V (UDN-2984A)

85V

85V

Source
Current

500 mA

500mA

500mA

500mA

40mA

40mA

No. of
Drivers

5

5

8

8

6-15V

5V

5V

Sustaining
Voltage

Input
Engineering
Bulletin

29309

6-15V

8

6-15V

5V

29310

For application engineering assistance on these or other interface
circuits, standard or custom, write or call George Tully or Paul
Emerald, Semiconductor Division, Sprague Electric Company, 115
Northeast Cutoff, Worcester, Mass. 01606. Telephone 617/853-5000.

8

29313

For Engineering Bulletins and a 'Quick Guide
to Interface Circuits', write to: Technical
Literature Service, Sprague Electric Company,
35 Marshall Street, North Adams, Mass. 01247.
1s5

1,3011

FOR FAST INFORMATION ,CALL YOUR NEAREST SPRAGUE SALES OFFICE :
ALABAMA ,Scape Elecurc Co 205 883 ,0520 •AR I
ZONA ,Sorave 760100 Co 502 219.5435 •CALIFORNIA ,Splape Electoc Co. 213/649-2600
Wm J Ptody Co. 415347 7701 KCE Corp 714,278-7640 •COLORADO ,Wrn J Purdy Co 303;777.1411 •CONNECTICUT,Sprague Elecurc Co
203/261.2551» 01 ST .OF COLUMBIA ,Sprague EWere Co1
Goet saes only, 202 337 7820 •FLORIDA ,Sprague Electuc Co 305'831-336 •ILLINOIS ,
Sprague Electro Co. 312, 296 6E20 D Dolan Sales. 312 286•620C •INDIANA ,Sprague Electitc Co 317 1253-4247 •MASSACHUSETTS ,Sprague
Electuc CO.. 617 899 ,9100 Sprague Electnc Co. 413. 664.4411 •MICHIGAN ,Sprague Etecluc Co 517,787 3934 •MINNESOTA ,Me. Inc .612, 9208200 •MISSOURI ,Sprague Elepluc Co 314/781-2420 •NEW JERSEY ,Sprague Electnc Co. 201 696-8200. Sprague Electnc Cc .609, 795 2299
TonItle Sales erc 609/ 795-4200 •NEW MEXICO ,Wm J Pauly Co .505 266 7959 •NEW YORK ,Sprague Elecurc Co :16 549 4111 Wm Putt. I
nc
914,698-860C Sprague Electrrc Co 315 437-7311 Mar Core Assterates 315 437 2843 •NORTH CAROLINA , lectrorec MarketIng Assoclates. 919,
722 ,5151 .0 H10, Sprague Electuc Co 513/866-2170 Electionlc SaN•smastets. I
nc .
500/362-2616 •PENNSYLVANIA,Spragte Electuc C4. 215/467-5252.
Crinkle Sales Inc 215,922.2080 •TEXAS ,Sprague 1lectnc Co 214,235-1255 •VERMONT ,Ray Pylon 8Co .
Inc .
617 752.8114 •VIRGINIA ,Sprague
Electuc Cc. 733,463-9161 •WASHINGTON ,Sprague Elecurc Co .206 632.7761 •WISCONSIN ,D Dolan Sales 41448;.1111 •CANADA (Ontario),
Sprague Eectt .cot Canada Lid .416 766-6123 •CANADA (Ovelum), Sprague Electro ol Canada Ltd 5145519220
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... and you thought we only make great capacitors.
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Monolithic Memories
announces:
arevolution
in logic design!

60
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PALm will save you money, space and sweat.
A single PAL16R8 (package shown
actual size) can be programmed
to perform all the logic
functions shown here.
Other devices in the
PAL family offer
comparable
efficiencies.

Programmable PAL
logic will reduce
random logic chip
count by 4-to-1.

Monolithic Memories, Inc.,
the company that invented
the modern bipolar PROM,
soon will bring you PAL
(Programmable Array
Logic)—a family of
monolithic LSI circuits
which allows you to
program your own logic on
achip, from random gates to
arithmetic functions. We
have samples now, with high-volume
production scheduled to
begin mid-year, and the entire family
to be in full production by year's-end.
The fifteen devices in the family
will each contain aprogramming
network which interconnects various
types of gate arrays, consisting of
AND/OR and AND/NOR gates,
exclusive-OR gates, registers,
optional three-state outputs and
feedback connections.

The PAL family will replace 90%
of 7400S/LS Series functions.
When you use PAL, you•Il be designing
functions on-chip that are ordinarily
performed by conventional TTL logic, and
, realizing tremendous efficiencies of time,
pace and cost. PAL replaces 9out of 10
ard functions now provided by ordinary SSI/
logic gates and flipflops.

Use PAL to interface your microprocessor—
or maybe even replace it.
To the designer faced with implementing his logic
with microprocessors, PAL will offer special blessings. It's
ideal for interfacing peripheral devices to any microprocessor system, with minimum time and cost. And for
those less complex logic system designs that don't
really require amicroprocessor, PAL will offer the ideal
answer.

Programmability simplifies design and saves
dollars in production,
PAL will let you structure your logic by programming
fusible-link connections identical to those used in
PROMs. All PAL programming will be handled by standard
PROM programmers, simply, quickly and efficiently.
If your PC board layout should prove difficult or
awkward, PAL can help. You can program the same logic
functions into PAL a number of different ways, thereby
eliminating jumper wires and crossed conductors,
with sunbstantial improvement in reliability, plus savings
in space and power.
PAL's unit cost will be lower than that of microprocessors, custom logic and FPLAs. Compared with
conventional TTL logic, you'll save in system cost,
because PAL reduces parts inventory as well as parts on
your board. It also simplifies production and saves in
testing.
Every PAL will be packaged in a 20-pin "Skinny DIP,"
saving additional board space every time it replaces
TTL, microprocessors, FLPAs or custom logic. Result:
-often you'll get your entire circuit on asingle board,
resulting in fewer boards per system. Ask for product
details from Monolithic Memories, 1165 East Argues Ave.,
Sunnyvale, CA 94086, or call (408) 739-3535.
How they stack up. Only PAL offers across-the-board
advantages over all other types of logic.

c.,
I:4Tit
LOGIC

POOR

Se

ee
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GOOD

POOR

GOOD

FPLA

EXCELLENT POOR

GOOD

GOOD

PAL

EXCELLENT GOOD EXCELLENT EXCELLENT EXCELLENT EXCEU.ENT GOOD EXCELLENT EXCELLENT EXCELLENT

CUSTOM
LOGIC

POOR

POOR

MICROEXCELLENT POOR
PROCESSOR

GOOD

GOOD

POOR

POOR

EXCELLENT EXCELLENT

EXCELLENT EXCELLENT

POOR

GOOD

FAIR

--

FAIR

FAIR

GOOD

POOR

FAIR

FAIR

GOOD

EXCELLENT EXCELLENT EXCELLENT POOR EXCELLENT
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POOR

POOR

f
AIR

211 Monolithic
Memories

Bipolar is our business.
TM—Trademark, Monolithic Memories, Inc.
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New devices. New packages. New parameters.
All from the Powerhouse, yoursourceforthe widest
choice in SCRs and Triacs. They offer you the latest
ways to improve design, reduce costs and increase performance.
A new way to heat. Solid-state induction heating
is now entirely feasible, thanks to our new 40A
asymmetrical SCR (ASCR). The RCA S7310 gives
you 40 kHz frequency, high voltage and current.
Plus high di/dt and dv/dt capability. No need for
50/60 hertz transformers and other bulky parts.
A new way to switch. Now you can design-out
some of the problems
you've had with big
dc relays—such as
too much cable bulk
in cars. Use our new
plastic G4000 Series
gate turn-off SCRs
(GT0s)—they can
switch up to 15 amps
with as little as -6V
gate turn-off voltage.
Anew source for
the C106. This popular 4A general purpose
SCR and corresponding sensitive-gate
1
triac are now available
from RCA. In the
economical, easily
mounted 3-lead
Versatab package.

New design flexibility for you. From RCA.
Family

%ROM
(V)

I
T
(A)

I
GT
(mA)

S7310

50-600

40

50-100

G4000

50-400

15

3

S860
S58
ciM00

50-600

T2320
T6000

Description

100
200
5
60
100-600
15-600
4.0
0.20o
50-400
50-600

2.5
15

3-40
10-50

Pkg.

Fast Asymmetrical
SCR

TO-48

Gate Turn-off SCR

TO-220

Gen. purpose SCR

2 "stud
/
1

4-amp
Fast
TO-220
switching
gen. purp.
SCR
TO-202
SCR
Sensitive-gate triac
Gen. purpose triac

TO-202
TO-220

A new source for circuit ideas. "Power Options
from the Powerhouse" is anew designer's guide to
the selection of optimum
RCA solid-state devices
for power circuits. Its
arranged by application,
with over 40 circuits
shown. This makes it
easy for you to choose
the type best suited to
the job.
For your free copy,
contact RCA Solid
State headquarters in
Somerville, NJ; Sun bury-on-Thames,
Middlesex, England;
Quickborn 2085, W.
Germany; Ste.-Annede-Bellevue, Quebec,
Canada; Sao Paulo,
Brazil; Tokyo, Japan.
RCA Power experience
is working for you.
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International newsletter.
Eastern Bloc
starts new series
of small computers

ESA moves closer
to launching
its own satellites

ICL readies
1-ns, 400 ate
standard logic array

Algeria ready
to produce TVs,
radios, recorders

Bubble memory
to act as
page composer
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The Soviet-led Comecon Bloc is embarking on amultination development
program of aseries of small computers. East European sources say what is
involved is a family consisting of the SM-1, -2, -3, and -4. Details are
sketchy, but the latter pair is known to be coming from the Moscowbased Institute for Electronic Control systems. To enter production
shortly in Moscow and Kiev, the SM-3 is said to handle 250,000
operations per second. The SM-4, still in development, is reported to have
twice that capability. The new effort parallels the Comecon program for
the ES (Ryad) family of medium-sized and large data-processing systems
[Electronics, May 24, 1973, p. 76].

Europe's satellite-telecommunications program is a step closer to reality
after several decisions by the European Space Agency early this month.
Delegates gave the go-ahead to the European communications satellites
ECS-1 and -2 (Germany reserved its acceptance until later this month
because of a ministry changeover). They also approved a second marine
communications satellite to join the Marots launched by an American
rocket. Yet another decision is to study ways of turning the heavy directbroadcasting satellite experiment into an operational program, despite
the lack of adecision on building and launching the test H-SAT. Coming up
next week: adecision on whether to support the production phase of the
French rocket Ariane, which would carry the satellites. If all goes well,
launchings could begin in 1981.

Britain's International Computers Ltd. will be using standard logic arrays,
customized by adouble-layer metalization, alongside fully custom circuits
in its next generation of computers, scheduled for the 1980s. Now being
readied is a 400-gate emitter-coupled-logic standard array accommodated on a 30,000-mil' chip with gate-to-gate speeds of 1 ns. Plessey
Semiconductors provided process know-how based on its speedy process 3,
in return for which ICL made available its extensive computer-aided-design
software capability. Circuits developed in West Gorton will be manufactured by Philips, Plessey Semiconductors, and Motorola.

Algeria will start to manufacture TV sets, radios, and tape recorders this
summer, with production of components already under way at anew plant
at Sidi Bel Abbes, about 30 miles south of Oran. The first finished
goods — black-and-white TV sets—are expected to hit the market by
midyear. Eventually the factory will have 5,000 workers who will turn out
250,000 TV sets, 500,000 radios, and 50,000 tape recorders ayear, says
A. S. Nazerali, international director for General Telephone and Electronics. GTE built the plant under a$250 million contract that includes running
it for three years and training Algerians to operate it on their own.

An optical flight-data recorder being developed by researchers at Plessey's
Allen Clark Research Centre, Caswell, Northants., under a Ministry of
Defence contract, uses amagnetic-bubble page composer to image data at
high speed onto film for subsequent analysis on ground. It employs
holographic techniques, which Plessey says offers far higher densities and
recording rates than conventional magnetic techniques and leads to a
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International newsletter
major reduction in the size of the airborne recorder. The instrument's
bubble memory images data onto film at arate of 1million bits per second
by exploiting the Faraday effect: the presence of a magnetic bubble
rotates the plane of polarization of an illuminating laser source until it is
coplanar with the analyzer plate. Each magnetic bubble thus acts like a
light valve. The serial-shift-register organization of the page composer
means that a complete page of data can be read serially into the bubble
memory and recorded in one short exposure.

Packet-switching
net to use
8080 processors?

Color TV camera
from S
ony
uses CCD chips

STC to test
tele phone lines
with microprocessors

Addenda

64

Under development by the British Post Office is an experimental multimicroprocessor packet-switching exchange using Intel 8080s. It is intended
for possible use in the 1980s on the public packet-switching network,
which is to follow the year-old experimental packet-switched service
(EPss) in ayear or so. The present EPSS system is based on anetwork of 10
Ferranti 700E minicomputers, and the public network will go into service
with minicomputers.

Sony Corp. has an experimental color TV camera using three chargecoupled-device chips, one for each primary color. The company expects to
be able to start sales of aconsumer version during the autumn of 1979 at a
price in the neighborhood of $1,000. It will probably be somewhat lighter
than the experimental unit's approximately 2-kg, including built-in
camera control circuits, zoom lens, and electronic viewfinder. Each CCD
chip contains an array of 226 by 492 sensing elements on a 10.3-by9.1-mm silicon substrate.

Second in Standard Telephone and Cables Ltd.'s arange of microprocessor-based telecommunications products is a remote line-testing unit built
around General Instrument Microelectronics' LP 8000 microprocessor. By
siting the remote units close to the line under test, the characteristics of the
intervening network are eliminated from measurements of subscribers' line
leakage, capacitance, voltage and other line parameters. The company has
launched OPAS, for operator-position assistance systems, with 13 Intel
8080s [Electronics, Dec. 8, 1977, p. 3E or 55].

In abid to stunt Far Eastern imports, Philips is producing color-Tv tubes
having 90° deflection angles, with first deliveries in the autumn. The
Dutch firm will continue to sell its 110° tubes, the type that predominate in
Western Europe.... Anticipating a big market in industrial applications
for one-chip microcomputers, Siemens AG will start volume production
later this year of the 8048 family. As part of the second-source agreement
with Intel, the West German firm will also turn out the 8085 microprocessor family. ...Toshiba is transferring sales for its ACOS medium-sized
and large computers to a joint-venture company with its partner, NEC,
which makes and sells about 80% of the ACOS machines. Toshiba says it
will continue development and manufacturing of the line and of other
computers.... Hitachi's fast 4-k static complementary-mos RAM [Electronics, March 2, p. 41] will be available in samples this summer. When
production starts rolling, the per-chip price in lots of 10,000 will be only
$8.33, the company says.
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.And More Applications.
The LSI-11/2 family opens up
new dimensions in
microcomputer applications;
anywhere space or cost is
important.
A Great Idea Made Better.
DEC has just taken the LSI-11
and put everything but the
4K memory on a5" x81
/2"

In Depth Stocking.
Order your LSI-11/2
components now, FIRST
COMPUTER is taking orders
for early spring delivery.

board. That's half the size of
the original LSI-11.
And Smaller.
You'll find the LSI-11/2
processor and 32K RAM
memory module together are
no larger than aLSI-11 with
4K memory.
And Faster.
Systems using LSI-11/2
components not only cost
less, but will also operate
faster.
And Flexible.

Description

Discount
OEM Price'

KD11-HA
$ 445.00
LSI-11/2 microcomputer
MSV11-DB
544.00
8K word RAM (16K Bytes)
MSV11-Dr
880.00
16K word RAM (32K Bytes)
MSV1 1-DID
1.536.00
32K word RAM (64K Bytes)
KD-11-HC
1,082.00
KD11-HA plus MSV11-DC
KD11-HD
1,594.00
KD11-HA plus MSV11-DD
DLV11-J
4 line serial interface

298.00

DLV-11E
192.00
serial line modem control

LSI-11/2 systems and

Many other new LS!-11 12
options available.

components are compatible

•100 quantity

with existing LSI-11 systems.
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1or 100, fiFiST Is

Your Source.

MOT CGIIIPUTER
CGIRPORATiill is your prime

source for the latest from DEC.

Anticipating your needs, we
ordered LSI-11/2 components
the day the products were
announced. Your orders will
be promptly shipped from our
stock to satisfy your
requirements.
No costly delays for delivery.
And we deliver at attractive
discounts whether your
quantity is 1for development
and design or 100 for OEM
production requirements.
And More Is Available.
FIRST COMPUTER will be
stocking the complete family
of LSI-11 /2 products and
LSI-11 /2 compatible modules
from leading manufacturers.
Software support packages
are also available.
Call MST (312) 920-1050
first for all your DEC
computing needs.

FEET CUIPLITER

764 Burr Oak Drive
Westmont, Illinois 60559
@ Registered trademark of
Digital Equipment Corp., Maynard, Mass.

THE None WST POWERFUL
16 BIT MICROCOMPUTER
HAS AWHOLE NEW DIMENSION.

Introducing the LSI-11M.
We've divided our LSI-11 board down the
middle, so that CPU and memory are on separate,
half-sized boards. What this gives you is agreatly
improved form factor, for anew range of design flexibility
AND SIZE IS JUST THE START.
Your cost savings can be up to 40%,
depending on configuration. And power
consumption has been lowered, too.
We're also extending our half-size format to
awhole new family of microcomputer options,
including memories and interfaces.
Imagine: With just three 5"x8 1
/"boards in our new microbackplane,
2
you can have a16-bit system with up to 32K words RAM, and room left
over for your own electronics. That's a67% reduction in space. And
all for less than $1650*.
Naturally, our entire half-size family is compatible with
our previous products, to expand your options even further.
The LSI-11/2.
FULL PDP-11 POWER —backed by over 50,000 installations —at aprice and size that are both easier to handle.
To explore the possibilities, call toll-free 800-225-9220
(in Mass. 617-481-7400, Ext. 5144), or write Digital Equipment
Corporation, One Iron Way, Marlborough, MA 01752.
*Quantity 50.
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Significant developments n technology and business

Facsimile system
ready for crucial
coding choice
When world standard is set
in 1980, Matsushita
machines will be
easy to retrofit, if necessary
The makers of high-speed facsimile
systems are facing a crucial deadline: in 1980, the international telecommunications consultative committee, CCITT, will choose among the
firms' various coding formats for an
international standard service that
delivers a 210-by-297-millimeter
page in less than a minute. Thus
they are designing their new machines for any necessary retrofitting
to the standard while keeping the
capability of communicating with
machines that continue to use the
present coding.
At the forefront of the latest
developments in high-speed fax
systems is Matsushita Graphic Communication Systems Inc.'s versatile
new UF-2200 [Electronics, International Newsletter, Feb. 16]. It uses
the industry-government jointly developed Admix redundancy-reduction coding scheme to provide avery
competitive transmission time. It
also offers many microprocessorcontrolled auxiliary functions (see
"From one scan, many copies").
Already the Japanese government
is using the Admix digital-coding
algorithm in its internal communications system. The ministry of posts
and telecommunications developed it
jointly with Matsushita, Fujitsu,
Nippon Electric Co., Toshiba, the
phone company, the public broadcast network NHK, Japan National
Railways, and several universities.
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This scheme is also found in Fujitsu
commercial faxes, which Matsushita
manufactures, while Nippon Electric
machines use asimilar scheme with
aslightly different algorithm.
Faster. Redundancy reduction
schemes cut transmission times because they reduce the amount of
data needed to send patterns of
white or black that they pick up

from scanning across the document.
In the UF-2200, microprogrammed
logic and 200 bytes of memory
perform the redundancy reduction,
while a two-chip version of the F8
microprocessor performs protocol at
the beginning and end of the
message, error correction, multiplecopy control, and other support functions. Theechange to microprogram-

From one scan, many copies
The new Matsushita UF-2200 facsimile machine is not only fast, it also
boasts a number of auxiliary functions made possible by its incorporation of
a Fairchild 8-bit F8 microprocessor.
Perhaps most striking is its ability to send the same series of documents
sequentially to as many as 28 selected locations, with a timer starting
operation after rates are reduced at night. Such sequential transmission is
superior to simultaneous transmission because its speed can be optimized
for the transmission line in use, and error correction may be performed as
necessary. Also, the Nippon Telegraph and Telephone Public Corp. permits
simultaneous automatic dialing of only two numbers at once, and one or
more receiving stations may be busy.
The digital memory that stores the facsimile signal after redundancy
reduction makes it possible to send the document to many locations, even
though the document has been scanned and dropped into an out basket.
The memory contains 72 16,384-bit MB8116 dynamic random-access
memories. The chips usually can store the data from two or more documents, and they have enough capacity for at least one document of almost
any conceivable type. An optional 576 chips increase capacity by 16 more
pages if alarge quantity of documents must be sent.
On the receiving end, the memory makes it possible to turn out an extra
two copies of the incoming message during the 10 seconds it takes for the
protocol before receiving the next message. Such a copy feature has not
been available on facsimile receivers.
Facsimile pickup is by a linear array of 2,048 metal-oxide-semiconductor
sensors for a 256-millimeter width. The array is not as wide as that, so a lens
system projects the document onto the array. During transmission, an
automatic density-level control adjusts line pitch to match the document, or
portion of the document, and gives the best compromise between send time
and ease of reading. Circuits in the transmitter automatically sense a high
correlation between successive lines when sending large type or handwritten
documents and switch to a 3.85-line/mm mode. Since this would give lowdensity printout, each received line is printed twice at the minimum 7.7line/mm pitch. Slanted lines become steps, but density and legibility are
greatly improved.
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TRANSMISSION TINES FOR FACSIMILE CODING SCHEMES
Modified
Huffman

Admix

EDIC

57.3s

48.1s

114.5s

89.6s

RAC

DEX

48.9s

51.2s

51.2s

89.5s

93.8s

96.7s

p

Density of
8dots/mm by
4 lines/mm

Density of
8 dots/mm by
8 lines/mm

correction, two-line processing may
be optimum for phone lines.
There is a good chance the Japanese government will propose either
EDIC or RAC, which were developed
after Admix, to the CCITT, but
Matsushita professes not to be
worried. A spokesman says that
Admix is more efficient for use on
the standard switched telephone net.
However, the company is not
putting all its eggs in one basket. In
its fax machines, the digital signal is
expanded during readout from the
memory (just as it is at the receiver)
and reencoded before transmission.
Should the ccirr settle on another
coding scheme, Matsushita systems
could be modified by the addition of
printed-circuit boards carrying the
hardware for the new algorithm.
Then Admix would be used for
storage and the international scheme
would be used for transmission. The
modified machines could still transmit to older Admix units that could
not be updated economically.

med logic makes for much less hard- Telegraph Public Corp., while RAC is
ware than with the random logic the relative address coding scheme
used in earlier machines.
developed by the Kokusai Denshi
For the ccirr standard, the U. S.
Denwa Co. for use on international
and some European countries are lines [Electronics International, Feb.
promoting one-dimensional digital
17, 1977]. Both EDIC and RAC are
coding with a modified Huffman relative schemes that can use agiven
code, which is the algorithm for line as reference for more than one
sending the data gleaned from scanimmediately succeeding line. They
ning one line with a typical line-to- operate slightly faster when processline pitch of 3.85 millimeters.
ing four lines sequentially, but as
However, the Japanese favor two- this requires more repetition of
dimensional schemes because they information during automatic error
provide faster transmission at the
high line densities needed for the
Great Britain
Japanese characters. Such systems
either process two lines simultaneously and transmit them together,
or they compare the line just sent
with the next one, sending data only
for those segments of the second line
that differ from those immediately As semiconductor devices acquire a ductors for logic functions.
above. Both types are called twowealth of new applications, the need
Thus the British firm is plunging
dimensional because they compare
for long-term nonvolatile data reteninto this still uncharted market with
information in two directions.
tion is growing ever more critical. A the first three products in its Novol
The chief engineer at the Tokyo good bet for such storage, thinks
range [Electronics, March 2, p. 63].
subsidiary of Matsushita Electric
Plessey Semiconductor, is its mix on They are aquad latch, afour-decade
Industrial Co. says amodified Huffthe same chip of metal-nitride-oxide counter, and a 64-by-4-bit memory,
man scheme also requires more read devices for electrically alterable data
all of which operate from standard
only memory for look-up tables and storage and metal-oxide semicon12- and 5-volt supplies. They are
so is slightly more expensive. Thus it
DRAIN
GATE
has no special advantage from a
SOURCE
SILICON NITRIDE
system standpoint.
ALUMINUM
GATE
Comparison. The average transSILICON OXIDE
mission times for eight standard
corrr documents, sent at 4,800 bits
per second, are given in the accompanying table, which includes two
more Japanese codes and that used
by Burroughs subsidiary Graphic
Science Inc. for its high-speed decision expediter (DEx) system.
EDIC (for edge difference coding)
is a two-dimensional scheme devel- No-power storage. With an MNOS transistor such as this one, data may be stored for long
oped by the Nippon Telephone and
periods without power. Plessey combines these devices with conventional MOS logic.

Plessey logic family combines

MNOS and MOS for long data retention
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Remember
comstron/adret

and I'll give you the
shirt off my back.
Comstron/Adret offers enough synthesizers
and signal generators to be ocity in itself. From
0.01 Hz to 1.2 GHz — for bench, lob, and
systems, we offer more "syns" than any
other company in the world.
Comstron/Rdret isn't exactly ahousehold
name ... That's why we're offering
memorable t-shirts free of charge. You can
show the world you know where to get great
specs and agreat price on any synthesizer
you need.
All you have to do to get your free Syn City
T-shirt is write to us on your letterhead and
tell us your synthesizer and/or signal
generator application. Along with the shirt,
you'll receive our complete catalog. (To
receive literature only, please use the
Reader Service Number).
Be the first one on your block to get a
genuine Syn City T-shirt. They're
available only from the company with
the largest sele,ction of synthesizers in
the world.

comstron/adret

The name to remember in synthesizers.

Allow four to six weeks for delivery and please inform us
of your size: small, medium, large or x-large.

cognstronladret
200 East Sunrise Highway, Freeport, New York 11520

•

(516)546-9700

• TWX 510-225-3699
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intended for avariety of military and
civilian applications.
Plessey's process is essentially a
conventional p-channel metal-gate
process, with an important addition:
variable-threshold MNOS memory
transistors may be fabricated alongside conventional fixed-threshold
mos transistors by one more masking operation that lays down a thin
nitride layer. The MNOS transistor
thus has a gate dielectric consisting
of a layer of silicon oxide and a
thicker layer of silicon nitride on top
(colored in the illustration).
Injecting charge. By applying suitable voltages to the terminals, it is
possible to inject charge through the
thin oxide layer. The charge subsequently becomes trapped at the
oxide-nitride interface and modifies
the threshold voltage of the transistor. Since the injected charge is
not affected by surface leakage, it
can be detected as athreshold difference over a very long period. This
difference can be used to represent
high and low logic states.
However, write and erase operations with MNOS devices require a
nonstandard voltage between 30 and
40 y in order to push the charge
through the oxide layer. So Plessey
engineers first juggled the device
parameters to achieve an operating
voltage that will not damage the onchip p-mos devices. Then they incorporated an internal free-running
oscillator, which generates a —35-v
supply from the — 12-v VGG supply
while requiring only asingle external
reservoir capacitor.
The result is a logic chip running
from standard supplies and having
inputs and outputs compatible with
transistor-transistor-logic and complementary-mos requirements. In
the absence of applied power, adata
retention time of at least one year is
guaranteed over the temperature
range of 0°C to 70°C. Also guaranteed is aminimum 10 6 write cycles.
Products. The first Novol product
to reach the market will be anonvolatile 4-bit data latch, the MN9102,
which uses MNOS transistors as
memory elements. Data applied to
the four inputs is written into the
memory when the save control is
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taken to logic 0. The stored data is
automatically applied to the output
whenever power is applied.
Next will be the MN9105 fourdecade counter implemented in standard p-channel mos technology with
anonvolatile MNOS output that ticks
over at 0.5 megahertz. If a count
number is to be retained, operation
of the save control will load the
4-digit count into the MNOS latch in
10 milliseconds. This count number
can be subsequently read in 2 to 3
microseconds.
The Swindon, Wiltshire, company
has already applied its process in the
military market where loss of data
due to power failure could be catastrophic, says Kenneth Bradshaw,
sales and marketing manager for the
United Kingdom. Now he foresees a
large number of commercial applications, for equipment that is powered
intermittently and that requires storing of only small amounts of variable

data or input/output latch states
from day to day.
Examples cited for the quad latch
include its use as a replacement for
latching relays, as anonvolatile addon to counters in coin mechanisms
and other systems, as security code
storage, and as a last-channel memory for digital tuning. While dielectric fatigue from the write operations
ultimately limits the lifetime of
MNOS devices, the applications that
Plessey has in mind are highly
unlikely to approach that number of
write cycles.
The 64-by-4-bit memory, the
MN9410, has full decode driving
and control circuitry on chip. Moreover, such standard MNOS/MOS
products are not all that Plessey has
in mind. Where there is a potential
for large volumes of custom circuits,
the firm will be in there pitching.
Such work accounts for over half of
its turnover.
El

West Germany

Solid-state digital television frame store
provides moving scenes, mirror-image effects
Yet another stepping stone on the
A number of mirror-image effects
way to the all-digital television
can also be achieved. With these,
studio is the digital frame store for explains Hans Peter Maly, an engiproducing special video effects. One
neer at the Darmstadt-based diviof the latest solid-state single-frame sion, a picture can be reversed horistores to come on the market comes
zontally and inverted vertically.
from West Germany's Bosch-Fern- Thus the observer sees two mirror
sehanlagen, a division of Robert
images, one reversed from side to
Bosch GmbH. As part of a studio's side and the other inverted from top
mixing console, the single-frame
to bottom.
store can be addressed to provide a
The video effects are realized by
number of video tricks. Moreover,
the random access to the individual
the digitizing technique represents a storage cells. The store uses two
new departure in TV applications.
address generators, one to generate
Designed around arandom-access
the write-in address in accordance
memory, such avideo store provides
with the TV raster and the other a
what is called the quad split, which
controllable generator for the decompresses the image to aquarter its
sired sequence of the read-out
usual size and displays it in each of addresses. For example, to obtain
the four quadrants of the broadcast
the horizontal mirror effect, the
picture. Any or all of these
sequence of addresses in each line of
quadrants may be frozen to provide
the picture is reversed by inverting
a still picture. Moreover, the first
the individual addresses.
quad-split picture may be comTo digitize the color video signal
pressed again to appear in one or
before loading it into the store, the
more quadrants.
Bosch designers are using a pulse-
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For expensive business and commercial computers,
talk to DEC; IBM ®or Data General
for value-priced
home or business
computers,

H11 Kit $1295.00

talk to Heath!
H8 Kit $375.00

If you work with computers, you know how much of an
asset they are to your business. Fast, accurate data
handling, instant retrieval of important information and
storage of vital records and statistics are all part of the
computer revolution. Computers mean better business,
but there's another side to them as well.

programming trainer and instruction tool. The powerful
H11 is based on the most successful commercial
computer in the world, the Digital Equipment Corporation
PDP-11. These two computers, along with a complete
line of peripherals and I/O devices, make Heath your home
computing system headquarters.

Computers can work for, educate and entertain you right
in your own home. Because they are true "open-end"
machines, the number of ways you can use acomputer
at home is limited only by your imagination and
programming prowess. Computers can also be an
important adjunct to your children's education and
an introduction to the modern technological world.

Heathkit computer systems provide the documentation
you need to get up and running right -complete stepby-step assembly manuals, comprehensive operating
procedures and complete and thorough rundowns of
software programs. What's more, Heathkit computer
systems include the systems software you need to start
programming right away. The H8 includes a front panel
monitor program, Benton Harbor BASIC, assembly
language, text editor and console debugger. The Hll
includes editor, relocatable assembler, lInk editor,
absolute loader; debug, executive and dump programs
plus BASIC and FOCAL.

Best of,all, computers happen to be FUN! There are
hundreds of fascinating and challenging games that
can stimulate your brain and provide hours of relaxation
and recreation. And because the computer can make
its own decisions, you can "compete" at any level you
program into it.
Heathkit computers are designed to fit right into your
home. No matter what your computer application, we have
the unit for you. Our H8 is an 8080A-based machine
with an "intelligent" front panel that is ideal as a

Heathkit computer systems are designed to give you
home computing at its very best. And since they're backed
by Heath's 54-year reputation for honesty, reliability
and quality, you know that aHeathkit computer system
is one of the best investments you can make!

Prices are mail order net F.O.B., Benton Harbor, Michigan.
Prices and specifications subject to change without notice.

Send for your
FREE HEATHKIT
Catalog!

HEATIIKIT
COMPUTERS
Electronics/March 16, 1978

Read about nearly 400
top-value electronic kits
you can BUILD yourself—
for fun, for satisfaction,
and for SAVINGS!

HEATH

Schlumberger

Heath Company, Dept. 510-390
Benton Harbor, Michigan 49022

Please send me my FREE Catalog.
Iam not on your mailing list.
Name
Address
City

Heath Company, Dept. 510-390
Benton Harbor, Michigan 49022

CP-141

State
Zip
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code-modulation technique called
component PCM encoding. The video
signal is separated into its luminance
and chrominance components for
individual encoding. Compared with
composite PCM encoding, a technique that encodes the complete
video signal and that is used in other
digital frame stores, component encoding makes possible more digital
video effects, Maly says.
In the Bosch scheme, the luminance signal is separated from the
video signal by low-pass filtering.
The chrominance component is obtained by comb filtering and subsequent demodulation. After separation, each component is sampled and
quantized, and the resulting digital
information is fed into the store, an
array of TMS 4,096-bit RAM chips.
One field. Since the memory will
frequently store still scenes—that is,
freeze individual phases in a sequence of movements—its designers
considered it practical to store the
information of only one of the video
frame's two fields. Storing both
fields' information would result in
flicker of the still picture, because
two consecutive fields of a complete
frame generally contain different
phases of amovement, Maly says.
In the memory read-out process,
the missing information of the
second field comes from repeating
the first field's stored information,
producing the complete frame. The
resulting interlace jitter at the vertical-signal transitions is eliminated
by averaging adjacent lines of the
stored field to obtain the lines for the
missing field. This operation is
simpler with component encoding
than with composite encoding, Maly
explains. It is impractical to add two
adjacent lines with different subcarrier phases.
So far Bosch has readied specialeffects stores for both the European
PAL and the North American and
Japanese NTSC color-Tv standards.
To cost less than $24,000, the first
units will be delivered around midyear. There is a version in development for the Secam color-Tv standard used in France, most of Eastern
Europe, and those parts of Africa
not on the PAL standard.
11
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creased sensitivity while cutting the
image's decay-time constant.
2,000 amonth. Most important of
all, subsidiary Hitachi Denshi Ltd.
has geared up to produce 2,000
1-inch-diameter consumer camera
tubes a month initially by installing
The latest launch in portable TV
new equipment, much of it autocameras for use with avideo cassette matic. Also helping to reduce costs
recorder is coming from Hitachi are picture-quality standards realLtd., which is introducing a lightistic for consumer use though perweight unit with anew version of its haps too low for broadcast applicatrielectrode single-pickup tube.
tions. While the tube will be availSimultaneous direct generation of able to other camera makers, prices
the three primary colors greatly are not set yet.
simplifies television camera design, a
The single-pickup tube (see diaHitachi spokesman says, as well as gram) that directly generates the
eliminating avariety of problems in three primary colors simplifies camsuch areas as registration and shadera circuits and eliminates some
ing, which plague both multitube
heavy and bulky components, such
versions and other single-tube types.
as a glass horizontal delay line.
It is the only trielectrode vidicon on
Circuit design techniques have imthe market, although RCA Corp. did
proved since the development of the
work on the concept 20 years ago.
broadcast camera, so the number of
The tube design is essentially electronic components is down from
unchanged from the prototype devel750 to 550.
oped at the firm's central research
The Hitachi camera will go on
laboratory [Electronics, Jan. 10,
sale in Japan at the end of the month
1974, p. 6E]. An earlier version is
for $1,008. The electronic viewfinder
used in a $3,700 broadcast camera
is optional, at $208, and a6X zoom
that went on the market in October lens costs another $212. Export
1975, but improvements in the
plans are not set—Hitachi has yet
photoconductor target have into export even the basic VCR.
0

Japan

Portable TV vidicon
has single pickup
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Three in one. Hitachi color TV camera for VCR uses asingle-pickup trielectrode tube.
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Seven points
to consider
before
you buy your
small computer.
In this magazine, alone, there are probably adozen
ads for small computers. New companies are breaking
ground like spring flowers.
How, then, do you determine which computer offers the
features you need most ...at the price you can afford?
We'd like to propose seven basic questions to help you
make an intelligent decision.

1
•

How complete is the
computer system?

Many buyers of small computers are in for arude
awakening when they have to spend additional money
for interfaces.
The Sol-20 Terminal Computer was the first complete
small computer system. Everything you need to make
it work is included in the basic package.

2•

Is powerful system
software available?

It won't do if your system is "tongue-tied:'
Processor Technology Corporation has devoted
more effort to the development of software than any other
small computer maker. Our latest offering is the first
fully implemented disk operating system for asmall
computer: PTDOS. It contains over 40 major commands,
several languages and numerous utilities. Our high
level languages include Extended BASIC, Assembler,
FORTRAN? FOCAL and PILOT?

3

•

Is the system easy
to expand?

More and more computer owners are
expanding their small computers to handle business and
other specialized requirements.
The largest Sol system can handle 64K bytes of RAM
memory and operate with athree megabyte on-line
disk memory. Sol systems use the S-100 Bus. So you can
use awide variety of hardware.
*Available soon.
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4•

Is the computer
well-engineered?

Our Sol systems are the most conservatively
rated and ruggedly built in the industry, period. In
addition we designed them with you, the user, in mind;
Sols are easy to build and ajoy to operate.

5•

Does it have proven
reliability?

What is the track record? There are over
5,000 Sol systems in the field. Our track record for reliable
performance is unparalleled in the small computer field.

6

e

Does it have good
factory support?

A computer is acomplex piece of hardware.
So you want to be sure it is backed up with complete
manuals, drawings and afactory support team that cares.
Processor Technology offers the most extensive
documentation of any small computer manufacturer. And
we maintain apatient, competent telephone staff to
answer your questions.

Are
7
I

maintenance and
service people accessible?

I Where are they located?
Processor Technology has maintenance and service
people in over 50 cities around the U.S.
As you continue turning the pages, see how we stack up
to the other computers in this magazine. If we've
succeeded in whetting your appetite, see your Sol dealer
or write for information on the complete family of
Sol computers.
Processor Technology Corporation, Box J,
7100 Johnson Industrial Drive, Pleasanton, CA 94566.
(415) 829-2600.

ProcessorTechnology
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The obvious choice in
alow-cost scope
is no longer obvious.
On the opposite page are shown three of the reasons why lower priced Philips oscilloscopes are rapidly
gaining the same wide acceptance as the more expensive instruments made by Philips. Each of these
scopes was designed to give the user the features he
needs for fast, accurate measurements. Controls are
carefully placed for ease of operation and minimum
human error. Double-insulated power supplies eliminate ground loop problems and measurement inaccuracies caused by hum or other spurious signals. And
each is made with the devotion to quality and reliability for which Philips is known throughout the world.

Alternate time base display-PM3214
•25 MHz/2mV
•Dual Trace
•Comprehensive triggering on main and delayed
time base
The PM 3214 has all the triggering facilities found
on the latest, most expensive oscilloscopes yet it is
priced at only $1425.00* This is the ideal digital service oscilloscope. Complete triggering facilities include
AC, DC, TV and an auto position that derives its trigger from the peak to peak value of the incoming signal. Trigger selection is available from either channel,
line and external sources as well as composite triggering for asynchronous signals. Alternate time base display gives continuous indication of where delayed time
Test & Measuring
Instruments
Electronics/March 16, 1978

base measurements are taken, eliminating back and
forth switching.

If you don't need delayed time base
the economy priced PM 3212 has all the triggering
and overall performance of the PM 3214 for only
$1155.00*. This is the most versatile instrument available in this price range.

New, compact 15MHz/2mV
oscilloscope-PM3211
Lightweight, compact dimensions, big 8x10 cm
screen. Comprehensive triggering and display facilities
not available in competitively-priced scopes. Triggering
can be in "auto" or level set modes and multi-sourced,
thus eliminating the need to change probes. 18-speed
time base also has vernier control for simplified phase
and timing measurements. Only $875.00*
*U.S. Domestic Price only. All prices include probes
and protective front cover.
For immediate information, use our toll-free Hotline number:
(800) 631-7172. New Jersey residents, please call collect (201)
529-3800. Or contact Philips Test & Measuring Instruments, Inc.
In the U.S.:
85 McKee Drive
Mahwah, New Jersey 07430
Tel. (201) 529-3800

In Canada:
6Leswyn Road
Toronto, Canada M6A 1K2
Tel. (416) 789-7188

PHILIPS
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MICRONOVA. ALL THE NNE
HIGHER LEVEL LANGUAGES
Fortran IV
Basic-single/multiuser
Business BASIC

MICRONOVA PROCESSOR
Single chip 16-bit NOVA computer,
Integral MUL/DIV,
RTC, DMA, hardware stack, and
memory refresh
Available as achip, board microcomputer
or packaged minicomputer

RUN TIME I/O SOFTWARE SUPPORT
Communications Access Manager (CAM)
Sensor Access Manager (SAM)
RJE/80 (2780,3780), HASP II
DG/L Programming Language

MUM

/are iree
rieparnaraimm

INTERFACING/PACKAGING
Card Cage/Power Supply
General Purpose Interface
High Speed DMA
Cabling
Prom Programmer

COMMUNICATIONS
Synchronous with CRC
Asynchronous
4-line Asynchronous Mux

-

SENSOR I/O
A/D, DIA, Digital I/O
DG/DAC Sensor I/O Subsystem

Data Genera] Corporation, Westboro, MA 01581, (617) 366-891L Data General (Canada) Ltd, Ontario. Data General Europe, 61 rue de Courcelles, Paris, France, 766.51.78. Data General Australia, Melbourne, (03) 89-0633

ENTS TO MAKE YOU AHERO.
OPERATING SYSTEMS
Diskette Operating System (DOS)
Real-Time Operating System (RTOS)
Extensive Program Development Utilities

SYSTEM PERIPHERALS
Dasher Displays and Printer Terminals
Single and Dual-Diskette Subsystems
Line Printers, Paper Tape

AVAILABLE MEMORIES
Expansion to 64K bytes with:
8KB and 16KB RAM
4KB and 8KB PROM

Our microNOVA line is now of heroic proportions. 17 new enhancements make it the broadest line of 16-bit microcomputer products
available. Here are all the basics so the design engineer can bite into
the real challenge. Without having to waste time developing the tools
he needs. Call 800-225-7282. Or write for free brochure.

Data General

We make computers that make sense.
Data General Ltda., Sao Paulo, Brazil, 543-0138. C) Data General Corporation, 1978 microNOVA and DASHER are trademarks, and NOVA is aregistered trademark of Data General Corporation.
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CERMET TRIMMERS

CARBON COMPOSITION TRIMMERS

Type A: Y" diameter, single turn, 10 ohms to 2 megs
-±10%, 0.5W at 85°C, immersion sealed, 3 terminal
options, Publication 5238. 1000 piece price $1.12 to 1.68.

Type Y: /
2"dia., single turn, 100 ohms to 5 megs ±
-10% or
20%, 0.25W at 50°C, dust/splash resistant, 5 styles, nonlinear tapers, Pub. 5209. 1000 piece price $0.90 to 1.59.

Type S: %" dia., single turn, 50 ohms to 1meg ±
- 10%,
0.5W at 85°C, immersion sealed, top or side adjust,
Publication 5208. 1000 piece price $1.15 or 1.40.

Type F: l/2" dia., single turn, 100 ohms to 5 megs ±
- 10%
or 20%, 0.25W at 70°C, immersion sealed, 6 styles, nonlinear tapers. Pub. 5234. 1000 piece price $1.00 to 1.62.

Type E: %" square, single turn, 10 ohms to 2 megs ±10%,
0.5W at 70°C, immersion sealed, 13 terminal options.
Publication 5219. 1000 piece price $0.49.

Type 0: /2" dia., single turn, 100 ohms to 5 megs ±10%
or 20%, 0.40W at 70°C, immersion sealed, 4 styles, nonlinear tapers, Pub. 5235. 1000 piece price $1.20 to 1.58.

Type D: %" diameter, single turn, 10 ohms to 2 megs
±20%, 0.5W at 70°C, dust cover. 6 terminal options,
Publication 5240. 1000 piece price $0.42.

Type RI 1
/
3"dia., 2sec., 1turn, 100 ohms to 5megs
10%
or 20%, 0.25W at 70°C, immersion sealed, 4 styles, 5
tapers, 2atten. Pub. 5231. 1000 piece price $2.65 to 4.10.

Type 90: Approx. 7
/6"square, single turn, 100 ohms to
2 megs ±
-20%, 0.5W at 70°C, open frame, 2terminal
options, Publication 5242. 1000 piece price $0.55.

Type BT: Y2" dia., 2 section, 1turn, for 75 ohm Bridged-T
pad applications, dust/splash resistant, side and top
adjust versions. Pub. 5236. 1000 piece price $2.49.

Type MT: %" square, 20 turn, 10 ohms to 2 megs ±-10%,
0.5W at 70°C, immersion sealed, 3 terminal options,
Publication 5241 1000 piece price $1.18.

Type N: 11
/
1"long, 25 turn, 100 ohms to 2.5 megs ±10%
or 20%, 0.33W at 50°C, immersion sealed, Publication
5206. 1000 piece price $2.50 or 2.65.

Type RT: 3
/
1"long, 20 turn, 10 ohms to 2 megs ±
- 10%,
0.75W at 70°C, immersion sealed, 3 terminal options,
Publication 5237. 1000 piece price $0.65 or 0.93.

Type R: 14
1" long, 25 turn, 100 ohms to 2.5 megs ±10%
or 20%, 0.25W at 70°C, immersion sealed, bushing
mount option, Pub. 5205. 1000 piece price $2.87 to 3.73.

Quality in the best tradition.
AB

\maw/

ALLEN-BRADLEY
Milwaukee, Wisconsin 53204
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Teradyne finds the practical solution.
No. 3in aseries.

Automatic test generation
\o Longer the Impossible Dream.
Automatic test generation, long the dream of manufacturers hard-pressed to keep up with the volume and
complexity of circuit boards, became acommercial reality
with the introduction of Teradyne's P400 Software Package. An offspring of the D-LASAR program originally
developed for military and scientific use, the P400 has now
been field-proven at anumber of electronics manufacturing
plants. The P400's success has surprised many in the industry who were convinced that total "ATG" could never
succeed commercially.

Here the transition traveling the bottom path arrives at the
nand gate first, as in the nominal case. No problem. Then
the P400 reverses the + and — tolerances to create the
other worst-case condition:

The skepticism was understandable. Designing an ATG
program to serve awide variety of customers and circuits
means doing battle with some ferocious testability problems.
But abarrier is abarrier only until you identify it, characterize it, and design astrategy to deal with it. So it is with
testability problems. Once you find out what they are and
where they are, they become alot less frightening.
To do the finding out, the P400 employs a"preprocessing
run" designed to flag all asynchronisms, race conditions,
uninitializable circuits, and other problem areas before the
work of generating test patterns begins. Then, with the
hazards all out in the open, the P400 neutralizes some of
them, maneuvers around others.
By way of illustration, suppose that the P400, during its
"preprocessing run," comes across acircuit like this:

-

I

o

Here lurks the possibility of arace condition if the gate
delays are much more or less than the nominal 10 nanoseconds. To investigate, the P400 inserts delays corresponding to worst-case combinations of component tolerances. Assuming that the user-selected tolerance is ±
-30%,
the P400 first sizes up the circuit with +30% tolerances in
one branch and —30% in the other, thus:
+30%

o
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Here's trouble: The signal traveling the top path arrives
first at the nand gate, where it could produce an unwanted
pulse. The P400 has uncovered arace condition, which can
now be easily addressed in the generation of the test
program.
To protect test results against the effects of race conditions, the P400 automatically staggers inputs where the
race is caused by two inputs and generates "unknowns"
where it is caused by asingle input, as in the above case.
(Lest there be amindless proliferation of unknowns, the
P400 considers only those races involving sequential logic.)
Labeling any gate outputs as unknown does lessen fault
coverage, but it also keeps bad data out of test results. And
the fault coverage can be restored either by test points
or straightforward programmer intervention, with P400
messages pointing the way.
What the system does for races, it also does for latches
that can't be initialized and for anumber of other testability
problems.
The proof of the pudding is in the eating, and the P400 has
now been thoroughly digested on boards containing ECL,
CMOS, TTL, and just about every other popular device
family. The results show substantial savings in programming
time, plus better fault coverage. Most important of all to
many P400 users is the quick availability of programs
needed to bring new products to market. Test programmers
are precious these days, and the company that depends on
help-wanted ads to solve that problem will likely be outrun
by competitors who generate their programs automatically.

leeetile
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Probing the news
Analysis of technology and business developments

View from Paris show is multihued
European components picture reflects changing coloration
of varying politics and growth rates on the Continent
by the European editors of Electronics

Like a kaleidoscope with warped
mirrors, the $7.3 billion Western
European components markets are
showing strange patterns as manufacturers prepare for next month's
Paris components show.
As always, technological evolution
is changing the basic mix of bits and
pieces of the hardware that goes into
these markets. But this basic pattern
gets distorted when mirrored by a
country's economy, and the economic outlook for the year ahead varies
greatly among Western Europe
countries—from a little better than
3% growth for West Germany down
to no growth at all in Sweden.
What's more, political upheaval in
two major markets— France and
Italy—could sour prospects there
(see p. 86).
So the thousands of components
suppliers and their equipment-making customers that will head to Paris
for the annual Salon International
des Composants Electroniques
(April 3— 8) will come as much for a
reading on market prospects as for a
look at what's on the stands of some
1,200 companies from 30 countries.
Not surprisingly, they will almost
certainly return home convinced the
microprocessor market is set for a
solid year. Other semiconductor
markets should also hold up well,
although it does not look as if they
will grow as much as they did in
1977. "The key question is whether
to expect a shrinking market in
1979," thinks Piero Martinotti, European marketing director for the
Motorola Semiconductor Group.
France. Anyone involved in the
French components markets surely
will still be trying to figure out at
show time what the impact of the
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mid-March legislative elections will
be. Pollsters give the Left coalition a
slight edge, but the grouping that
backs President Giscard d'Estaing
could well come back. As a result,
there are all sorts of scenarios.
One, based on the Left winning
and carrying out its promise to
nationalize the major professionalelectronics producers and their subsidiaries, foresees a slowdown there
but a burst for consumer electronics
because of higher wages for workers.
Another, assuming the Center-Right
gets back in, postulates an upswing
in investment by business, continued
heavy spending for telecommunications, and a strong but not booming
consumer-electronics market.
Uncertainty. As Pierre Mestre
told a late-February press conference announcing the components
industries' results for 1977, "there is
a wide band of uncertainty for
1978." Mestre is head of the components operations of Thomson-csF
and also is president of the French
trade association for tube and semiconductor producers.
Last year, he pointed out, French
components makers had a fairly
satisfactory year, turning out some
$1.445 billion worth of hardware.
(French market figures are calculated at the rate of 4.7 francs to
the dollar.) That works out to again
of 9% over 1976. Barring cataclysmic changes, Mestre figures the
year ahead will see components
output in France move about the
same, or nearly so.
One key is color television, and the

„mellibm-

/II.„meimm-
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Board meeting. April in Paris means the
components show. These attendees inspect
circuit boards at last year's show.
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market looks solid. At the end of
1977 only 5households out of 18 had
color sets. As aresult, color TV sales
to dealers this year are expected to
rise to 1,420,000 sets, compared with
1,335,000 last year.
Good performers. There are other
pluses. "The computer sector is
doing remarkably well," says Roger
Sallebert, director general of the
Fédération des Industries Electriques et Electroniques. Output of
professional electronics, such as radar, broadcast equipment, and avionics, should stay high through this
year and next because of big order
backlogs. But, Jean Pierre Bouyssonnie, president of Thomson-CSF and a
vice president of FIEE, warned last
month as the trade group announced
its 1977 results, "there has been a
slowdown in orders for professional
electronics from the conservative
Arab countries."
Needless to say, the overall outlook is amix of results of leaders and
laggers. Output of integrated circuits bounded up by a third last
year, for example, making it the
French market leader. At the low
end came passives, with a gain of
only 7%. "It could be better in
1978," says Alex Clément, president
of hardware-producer SECRE and of
the trade association for passive
components as well.
Germany. For the semiconductor
people, anyway, confidence will be
the prevailing attitude among the
145 or so German companies that
will be pitching their products in
Paris. Business through the end of
this year will stand up well.
"There is hardly a sector that is
not performing positively," observes
Dirk G. Vogler, manager of marketing administration at Texas Instruments GmbH. What with "some new
sectors expected to go all out for
electronic devices in 1979 and
beyond, the medium-term outlook is
not bad either," says Günther
Katholing, product manager for consumer la at Siemens AG. Vogler
pegs semiconductor market growth
in West Germany this year at less
than 10%, afar cry from what it was
afew years ago.
Producers of computer main-
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Floor show. Here is a small part of the

frames and small electronic dataprocessing systems will also keep
semiconductor merchants busy, as
will manufacturers of other professional electronics gear, marketing
people say. And at long last, they
add, the telecommunications sector
is turning into a strong components
buyer because the post office is
loosening its purse strings after years
of keeping the lid on spending for
electronics.
All told, except for price declines
and some competition from Japanese
producers—in memories, for example—German semiconductor makers
have little to worry about through
the end of this year. However, "5%
growth in 1978 won't materialize,"
says amarketing man at the Roederstein group, a big manufacturer of
capacitors and resistors. "It now
looks like 1978 will be azero-growth
production year." This stagnation is
partly a result of declining exports,
he says.
But the Roederstein man is hopeful for 1979, and definitely so are
semiconductor market people. "The
long-dormant automobile sector will
open wide next year," predicts Siemens' Katholing. He sees a breakthrough for electronic ignition
systems coming in Europe in 1979
and a big spurt in demand for
engine-function monitoring devices.
Together with the advent of other
automotive equipment, that will
finally turn the car sector from a
piecemeal customer to a highvolume buyer.
Britain. It is not quite the same
story in Britain. There, most sectors
are performing as observers expected, particularly the color TV
market. It has been stagnant, and

exhibition at the Paris components show last
year. This year it will run April 3-8.

set-makers' orders to their components suppliers show it. The improvement over last year has been
only marginal, reports John Gregory, marketing manager for consumer-electronics components for Mullard Ltd. of the Philips group.
More optimistic, Gerry Thomas,
general manager for tn. Semiconductors, points out that some comfort is coming from higher semiconductor content in TV receivers as
English set makers add frills like
remote controls to their wares. Barry
Charles, marketing manager for
RCA, sees some offset in buoyant
sales by distributors, reflecting an
upturn in business for industrial
electronics, while Mike Alderson,
marketing manager for Motorola
Semiconductor UK, says the final
figures for the year for consumer
electronics might look better if the
April budget pumps some money
into the economy.
Officials at irr Component Services, one of the country's top
distributors, believe there will have
to be an upturn soon for the market
to grow the 20% that some forecasters had in mind earlier. But,
notes one, "firms are placing longerterm orders than before and that
points to increasing confidence."
As for instruments, Fred Hutchinson, a product marketing manager
for Gould-Advance, sees only a
slight improvement over 1977, admittedly much better than the two
dismal years before that. Working in
this slack market, then, Gould needs
to up its market share to reach its
growth target of over 20%.
El
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Five success stories: Each of these
proprietary LSI circuits made one of our customer's
new products perform better and cost less.
both digital and linear processes to tailor a cost-efficient
That's our business. Making our customers' products better
system solution.
by applying the advanced technologies of large-scale integraAnd we are as reliable as you can get when it comes to
tion. We've dore it hundreds of times, in awide and growing
spectrum of product applications.
making custom LSI circuits. Our proven
Take, for example, the multimeter cirproduction processes—HD/CMOS, Bipolar and the deposition of thin-film
cuit we designed for an instrument manufacturer. By miniaturizing functions in
resistors on LSI chips—consistently
the circuit. we made the product more
produce high yields.
portable and more reliable. We also saved
Exceptional noise immunity and high
1
the customer a good deal of money in
switching speeds are standard perforassembly labor—enough to amortize his
mance features—especially in our HD/
development costs within a year.
CMOS circuits. And because they conOr consiaer the pair of iCs we develsume less power than microprocessoroped for a CB radio manufacturer. One
or IC-based systems, our devices operate
of the devices, a Bipolar AM Receiver,
on comparatively smaller, less-expensive
handles all functions between antenna
power supplies.
3
If your potential application requires
and audio. The other chip, aCMOS digital
more than ahandful of standard ICs and
frequency synthesizer, includes a prediscrete components, you ought to think
scaler, a PLL and VCO. Providing over
KEY: 1. Dvm Clcuit,3v2diot. AiD converter; 2. LCD Watch
80% of the electronics required to proabout the advantages of converting to
Circuit, 6-digit, 6-function, 3. CB Scanner with ROM:
duce aCB transceiver, this chip set is just
custom LSI. Contact us today and we'll
4. Cardiac Pacemaker: 5. PLL Frequency Synthesizer.
one example of how we can combine
help you write your own success story.

WW

MICRO
POWER
SYSTEMS

We sell more than circuits. We sell solutions.
3100 Alfred Street, Santa Clara, CA 95050, (408) 247-5350
Circle 83 on reader service card
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Probing the news

Distribution

Growth creates financing problems
Most distributors feel firms will have to pay more attention
to profits and less to sales volume as industry faces changes
by Bruce LeBoss, New York bureau manager

Distributors are caught up in a race
that seems unending. They serve a
rapidly growing market for microprocessors, support chips, and other
semiconductors, as well as for microcomputer development systems, minicomputers, and peripherals. But
many leading firms among them
have extended themselves financially
to handle the past two years' growth
and may be hard-pressed to maintain the pace.
"There's no question but that
distribution is handling more electronic component business. But with
the exception of a few distributors,
most can't afford to keep growing,"
states Sidney L. Spiegel, group vice
president of the Wyle Distribution
group in El Segundo, Calif. Spiegel
estimates that of the top 10 distributors in sales, only about three —
Hamil ton/Avnet, Pioneer-Standard,
and his own Wyle—are solidly profitable, with the rest ranging from
marginal down to serious trouble.
Management. The inability of
most distributors to generate the
earnings needed to grow, Spiegel
says, is due largely to "bad management, which has been totally interested in producing sales numbers
rather than profit margins." What's
more, "the situation has gotten past
how much they can borrow." In fact,
he continues, borrowing to finance
the expansion of facilities and inventories to support the 40% sales
growth of 1976 and 1977 has
boosted expenses to the point where
most distributors actually are losing
money on new business.
According to Spiegel, what is
really needed is a radical departure
from standard practice: distributors
must "cut off losing lines." Most of
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the top 10 distributors are feeling
financial strains because of what the
Wyle official calls "distributor mentality," that is, "they generate sales
instead of net primarily because
suppliers measure adistributor's performance by his volume." Thus, "a
distributor's greatest security is the
sales dollars he generates" to keep
his suppliers content.
However, Seymour Schweber,
president of Schweber Electronics in
Westbury, N. Y., disagrees. He believes the syndrome "ended in the
1974-1975 crisis when many distributors were caught expanding for
volume" just before the business
turned soft. "They were caught.
holding the bag with large amounts
of finished goods inventory and
expenses." Today, he adds, distributors realize "it's profits that are
important, and that they don't make
deposits in the bank or pay their
income tax with volume."
Overall, Schweber describes the
distribution business as moderately
profitable, and says that the income
curve is rising largely because "suppliers now are concerned that their
distributors do make aprofit. Unless
distributors are profitable, the suppliers don't have a good business."
However, he concedes that business
failures among his compatriots are
on the horizon. In fact, he says, "a
couple are imminent."
Schweber declines to identify
which distributors he believes are in
trouble. Also, figures are closely
guarded in an industry in which half
the top 10 firms are privately owned
or are divisions of larger corporations that do not break out sales or
profit figures by division. Still, some
measure of the problem can be

gained by the view of one distributor
that, in the $2.5 billion industry,
"four firms do a sixth of the business, and collectively they've made
no money over the last few years."
Agreeing with Spiegel that all is
not well in the distribution business
is Anthony R. Hamilton, president
of the industry's leader, Hamilton/Avnet Electronics in Culver
City, Calif. "One thing," he says,
"they know how to get volume, but
not profits."
Hamilton won't name names, but
he concedes the lineup of the top 10
could change greatly in the next few
years. "You might see contraction of
the national distributors with some
aggressive, small regional expanding" and failure for some weaker
firms.
The prospect of distributors dropping less profitable lines is aticklish
subject, Hamilton observes, since
profit margins are a subject of
continuous mutual pressure between
often warring distributor-manufacturer camps. What's more, he doubts
the consistently troubled distributor
even knows which lines are losing
most. The managements of most
distributors cannot tell which lines
are least profitable, he says, "because they don't have control over
their expense ratios and their financial reporting isn't up to date."
Optimist. Despite his competitors'
lack of profits, Preston B. Heller,
president of Pioneer-Standard Electronics Inc. of Cleveland, foresees no
business failures. "Companies can go
on indefinitely making no money,"
he says. "Distributors don't have
high fixed costs, and the business
tends to be self-correcting. Every
time adistributor gets overextended,
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Unbelievable!
375-watt
switcher
in the smallest,
lightest package made.

Reslicing the pie. Market base should grow between now and 1982. Manufacturers will
serve the same 500--1,000 customers; distributors will handle the rest.

a vendor will cut him off and that
gives the distributor new money,
because the vendor buys back his
inventory."
Nonetheless, profitability is
achievable, and "companies like
Hamilton/Avnet, Wyle, Newark
[Newark Electronics Corp. of Chicago] and Pioneer have demonstrated
that it's possible," Heller says. His
firm's success stems partly from its
"emphasis on profitability instead of
volume" and, he says, "that includes
associating primarily with suppliers
that allow reasonable margins."
However, suppliers are not always
so benevolent, notes Wyle's Spiegel.
"We are being strongly encouraged
to provide technical support by
manufacturers of instruments and
microprocessor
development
systems, who have no intention of
paying for it," he says. For example,
"instrument manufacturers, who sell
on price, say they can't afford the
25% margin distribution requires."
While one microprocessor maker
gives an additional margin for
providing technical support, Spiegel
notes, "they first threatened to
reduce margins if we didn't provide
such support. Thus, it gains us
nothing in reality, except an expense
of about $500,000 for what is less
than $10 million in business."
In the face of these pressures,
there is more than aray of hope. The
market for electronic components
and systems is rapidly expanding,
notes Larry Pond, vice president and
general manager of Wyle's Elmar
Electronics unit in Mountain View,
Calif. He sees the domestic customer
base for electronic components
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growing from an estimated 40,000 in
1975 to 50,000 this year and 100,000
in 1980. "During the same period,"
he notes, "manufacturers can be
expected to service the same number
of customers directly, about 300 to
500 typically, but perhaps 1,000 for
some." Thus, the expansion of that
customer base, Pond says, "has left a
vacuum that distribution is filling,
and distribution's share of the market will grow from about 25% to
40% to 50%" over the same period.
How will distributors position
themselves to meet that growth?
Pioneer, for one, will continue to
finance growth from its retained
earnings and, says Heller, "borrowing in proportion to those earnings." Similarly, Schweber looks to
retained earnings and lines of credit
with three top banks.
Credit. An official at Cramer says
his firm had alarge revolving line of
credit with a consortium of banks
headed by Citibank, and that the
loan has not been used up yet. "I see
inventory turning around more
quickly and financing being able to
come, in part, from this," he says.
What's more, he expects to finance
growth out of profits, but with
"better management, better control,
and higher productivity helping."
The Cramer spokesman sees larger systems supporting growth, too.
"With high-technology systems
come dramatically higher prices
than with devices." Although the
costs of handling, field applications,
and demonstration are greater,
"there should be the same or slightly
better returns from these high technology systems," he says.

Nobody makes a
smaller, lighter, 375-watt
switcher than LH's Mighty MITE
Series Model MM11. It's sized to
fit tight places ... and begets.
Measures only 3.90"H x 5'YM,
11.12"D. Weigh
nly 8 I
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World's
largest
switcher
manufacturer!
The MM 11 typifies the highreliability switchers LH Research
offers. Nobody packs more power
in smaller packages or offers a
broader line. 1 through 7 outputs.
Up to 2.45 w/in. 3 80% efficiency.
At less than 65/w in quantity.
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LH RESEARCH, INC.
1821 Langley Avenue, Irvine, CA 92714
(714) 546-5279 •TWX 910-595-2540
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Electronics abroad

Italian politics
casts shadows
Chaotic conditions, inflation, unemployment
stunt growth and keep electronics firms guessing
by Arthur Erikson, Managing Editor, International

Forging a link. Italian workers unroll fiberoptic cable. Phone network has cut back on
spending, so manufacturers look to exports.

I. the bewildering Italian scheme of
things, nothing in politics succeeds
like failure. And so having failed to
get the country going after a 16month stint, Giulio Andreotti's
Christian Democrat minority government and its Communist Party
"silent" partner were tapped to try
again. In mid-February, outgoing
and probably also incoming Prime
Minister Andreotti and his cohorts
were trying to put together an
"emergency" economic program and
anew government that the six major
parties could back and that could
end the current crisis.
Even if it had not started with the
fall of the government and the
accompanying political chaos, 1978
would have been a tough year for
Italy. Italian economists now figure
that the country's economy grew by
approximately 2% last year and that
it will do about the same this year.
However, economy watchers at the
24-nation Organization for Economic Cooperation and Development
predict that growth will be only 1%,
all of it in exports.
At either rate, there will not be
enough natural expansion and new
jobs to meaningfully reduce the rolls
of the unemployed, aprime problem
for the country. And because inflation is just barely under control—the
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yearly rise for the retail index
dropped to 15% at the end of 1977
from 22% ayear earlier—a burst of
deflation financed by a budget
deficit might be acure more dangerous than the disease. This is the
dilemma that Andreotti must resolve.
Tentative. It will be the end of
March, at the earliest, before the
new government presents a detailed
budget for the year ahead to the
parliament, so any forecasts now
about how Italian electronics markets will fare in 1978 have to be
hedged accordingly. After its annual
survey last fall, Electronics came up
with a consensus forecast of $2.474
billion for assembled equipment.
Nominally, that is a 15% rise over
the estimated $2.149 billion for
1977. Actually, though, it represents
little real growth: the markets are
valued in current money, so that
much of the apparent gain is nothing
other than inflationary price rises.
Consumer electronics is expected
to move out the most, followed by
computers. Despite the worrisome
political situation, spending for military electronics should hold up well.
And because color Tv set production
should stay high, components suppliers, too, should do reasonably
well. The survey points to a rise to
$533 million for components markets, up just under 12% from an
estimated $476 million for 1977.
PAL arrives. Color Tv —the PAL
system used in western Europe
except France—came officially to
Italy in 1977 after several years of
casual colorcasting, some of it exper-

iments by the state-run radio-television network, but most of it pirate
programming from Switzerland,
France, and Yugoslavia. Italian consumers bought color sets heavily last
year—some $312.5 million worth,
according to the survey, with a
further rise to just under $400
million likely this year. Meanwhile,
the monochrome market should
dwindle from 1977's estimated $108
million to about $102 million.
Most of the color sets will be Italian. The country's set makers turned
out 850,000 color receivers last year
and roughly 60% of them went into
the domestic market. This year, they
plan to boost their output to something like 970,000 and hold the same
domestic-market/export ratio. It
must be pointed out, though, that,
recently, early-year forecasts by set
makers have been cut.
Computers bullish. Despite the
general sluggishness, computer makers figure to have another good year
in 1978. "Computer demand seems
to evolve independently of GNP and
inflation, because the market in Italy
is so young. It should stay that way
through the mid-'80s," says Mario
Speranza, head of market research
and analysis for Honeywell Information Services Italia spA.
Spending for computers and related hardware adds up to only 1.5%
of the Gross National Product in
Italy, compared with 2.5% or better
in countries like West Germany,
France, and Britain. Thus, there is
plenty of growth potential as Italy
catches up relatively in computers.
Electronics forecasts a market for
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Check your OLS requirements
today
Check what you
look for in an
off-line switcher

... and check what
our new OLS
Model 10 gives you.

Check what you
look for in an
off-line switcher

... and check what
our new OLS
Model 10 gives you.

Li Brown-out
protection

50 ms hold-up of output
voltages at full load and Vin
nominal.

III Synchronized
outputs

All outputs are synchronously
clocked to a20 kHz switching
frequency.

Li High efficiency

70% typical, 65% min.
at full load and Vin nominal.

E Short-circuit
protection

Foldback (adjustable).

El High reliability

Conservative design with
safe areas considered.

E Overvoltage
protection

Vout +10% to 20%.

II Compact size

5-1/2" x5-1/2" x11"

E UL, CSA, VDE
approvable

When incorporated into your
equipment.

E Input line filtering

EMI line filter standard. Meets
VDE and other domestic and
international requirements.

D Adjustable outputs

5Vnominal, 4.8 to 5.3;
+/-12 Vnominal. 11.5 to
12.5 (+/ —15 Valso available).

El Low noise

5Voutput, 75 mV peak-to-peak
max. +/-12 Voutputs,
125 mV peak-to-peak max.

El Easy maintenance

95% modular circuit cards
and subassemblies.

CI Wide range
temperature

0° to 60° operating
temperature.

p

Write for the OLS data sheet.

POWERCURE ® CORPO

TION

214 CALVARY STREET, VVALTHAM, MASS. 02154 C617) S91-1830
SUBSIDIARY
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Fujitsu's FCN-700 Series Connectors

Donl miss your best connection
Fujitsu's FCN-700 Series connectors boast abroad array of
design features that can mean big savings in time, money
and worry for you. Some of the most important of these
features include:
Quick & Sure Connection
Fujitsu's unique mass terminating system enables you to
terminate 1.27mm (0.05 inches) center-spaced flat cables of
from 20 to 60 conductors in seconds. Aspecial locator plate
ensures positive cable-to-cable contact alignment, and field proven gold-over-nickel-plated U-contacts provide corrosion resistant, gas-tight connections.
Superior Connection Ease & Reliability
Fujitsu's unique elastic locking mechanism prevents
accidental disconnection by vibration or shock.
This mechanism also incorporates asnap-action release
for effortless low-force extraction.
Easy to Clean
Because the Fujitsu connectors are made of solvent-resistant
PBT resin, they can, unlike connectors made of conventional thermoplastic resins, be cleaned with such solvents as
Trichloroethylene.
Wide Selection
The FCN-700 Series offers vertical, right angle and wire
wrapping headers, and open oF closed covers for both endcable and through-cable applications. And of course all connectors are perfectly suited for use in the most sophisticated
electronic and computer circuitry.

Add all these features up and
you'll see that with the Fujitsu
FCN-700 Series connectors
you get faster installation,
greater dependability and
reduced labor costs.

Add in our
fast delivery
schedule, and
you'll see that
you've got the connectors
you've been waiting for.
The Fujitsu FCN-700 Series connectors: Contact your
nearest Fujitsu distributor today. Don't miss your best
connection!

FUJITSU LIMITED
Communications and îlectronics

FUJITSU AMERICA, INC./Chicago Office: 910 Sherwood Drive-23, Lake Bluff, ILL 60044, U.S.A. Phone: (312) 295-2610 TWX: 910 651 2259
FUJITSU LIMITED/Components Group (Head Office): Syuwa Onarimon Bldg., 1-1, Shinbashi 6-chome, Minato-ku. Tokyo 105, Japan Phone:
(03) 437-2111 Telex: 2424511 FT SIN J Cable: FUJITSULIMITED TOKYO Paris Liaison Office: Porte No.207, 1Voie, Felix, Eboue 94000,
Creteil, France Phone: 01-898-03-55 Telex: 42-212544F
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U.S./Canadian Sales
Representatives
Application Specialists, Inc.
6806 Nevvbrook Ave., E. Syracuse, NY 13057
Phone: (315) 437-2813 Telex: 937201
3700 East Ave.. Rochester, NY 14618
Phone: (716) 586-6226 Telex: 978367
Impact Electrical Products, Inc.
325 Manville Rd., Pleasantville, NY 10570
Phone: (914) 769-2314/5
Electrical Components, Inc.
Box 172-5, Washington St., Natick, MA 01760
Phone: (617) 655-2225 Telex: 948437
57 Dennis Rd., Longmeadow, MA 01106
Beach Rd., P.O. Box 446, East Orleans, MA 02643
Impact/JMR Sales, Inc.
3145 Bordentown Ave., Perlin, NJ 08859
Phone: (2011 727-5335
Hughes Associates, Inc.
717 Pratt Ave., N.E., Box 33, Huntsville. AL 35801
Phone: 12051 533-9108 TWX: 810-726-2135
Impact/Jos-Co Melius, Inc.
6425 Cedar Ave., Minn, MN 55423
Phone: (6121 861-3343 TWX: 910-576-2929
Gillum Sales, Inc.
P.O. Box 1915, Morristown, TENN 37814
Phone: 16151 587-2770
United Components
P.O. Box 28026, Dallas, TX 75228
Phone: (214) 324-1448 TWX: 910-861-4306
"C" Associates, Inc.
2500 Hollywood Blvd., Hollywood, FLA 33020
Phone: (305) 922-6230

1978 of $792 million, up slightly
more than 15% from an estimated
$687 million last year.
In contrast, Italian communications equipment makers, the survey
shows, cannot count on much growth
at home. Largely because the stateowned telephone network has cut
way back on its spending, the rise in
sight this year is under 9% to $448
million. Fortunately, Italian manufacturers of telecommunications
equipment have been scoring reasonably well in export markets. The
major exception is the dominant
telecommunications producer, SITSiemens spa, which is part of the
government telecommunications
group STET, itself a unit of the
government's holding company, nu.
Military. Although they are pushing hard for exports and have considerable business to show for it, Italian
producers of military electronics
gear have areasonably strong home
market going for them this year as
well. What's more, the medium-term
prospects are reassuring. The air
force, for example, has started to
upgrade the Italian section of
Nadge, the NATO air defense ground
environment system, with Selenia
spa, also in the STET group, figuring
to get most of the business for the
necessary radars and control consoles. Also, production orders should

Bransky Sales
1279 Lincoln Ave., South Highland Park, ILL 60035
Phone: (312) 433-2375

820 Spring St., New Albany, IND 47150
1939 Goldsmith Lane. Louisville, KY 40218
Phone: (502) 451-9818
2118 Inwood Dr. #102, Executive Office Park,
Fort Wayne, IND 46805
Phone: (219) 484-1432
Impact Electrical Products, Inc.
14270 NW Science Park Dr., Suite 102, Portland,
ORE 97229
Phone: (503) 644-3714
Shonin, Inc.
1485 Bayshore Blvd., San Francisco, CA 94124
Phone: (415) 467-8700
Reed Electronic Marketing
P.O. Box 964, Del Mar, CA 92014
Phone: (7141 452-1456 TWX: 910-322-1131

1976

1977

1978
2,474

1,879

2,149

Consumer electronics

557

640

752

Communications equipment

372

411

448

Computers and related hardware

597

687

792

Industrial electronics

217

258

304

Total assembled equipment

Technical Representatives, Inc.
6515 E. 82nd St., Suite 110, Indianapolis, IND 46250
Phone: (317) 849-6454 TWX: 810-260-1792

Last in aseries examining European markets.

ITALIAN ELECTRONICS MARKETS FORECAST
(IN MILLIONS OF DOLLARS)

249 Maitland Ave.. Suite 317, Altamonte Centre,
Altamonte Springs, FLA 32701
Phone: (305) 831-1717

McFadden Sales, Inc.
4645 Executive Dr., Columbus, OH 43220
Phone: (614) 459-1280 TWX: 810-482-1623

start coming during 1979 and 1980
for the avionics gear that will fly
aboard the Tornado multirole combat aircraft.
Exactly where the extra money for
defense hardware will go and when
the spending will start will have to be
worked out by the new government.
The same is true for a $340 million
package adopted in rough outline by
parliament last September to bolster
research and development and to
restructure key electronics sectors
over the next three years. Component makers, particularly the STET
group's semiconductor house, SOSATES,
will get priority under the
package.
The VLSI program is part of an
overall proposal put together by
FAST (the federation of technical and
scientific associations) at the government's behest. Details still have not
been released, but presumably there
will be tie-ups with the computer
and telecommunications sectors as
well. The government has indicated
it wants Ing. C. Olivetti & C., the
country's leading native officemachine and terminal maker, to
work with STET in computer-related
fields, and there is talk of pairing up
SIT-Siemens and Telettra spa, a
company in the Fiat group that is
particularly strong in microwave
links and advanced telephone-telegraph carrier equipment.

Medical electronics

68

75

89

Test and measurement equipment

43

49

55

Power supplies

25

28

32

Total components

419

476

533

Passives

192

218

248

Semiconductors

120

138

155

Tubes

106

119

129

(Exchange rate: $1 = 878 lire)

Note: Estimates in this chart are consensus estimates of consumption of electronic equipment obtained
from asurvey made by Electronics in September and October 1977. Domestic hardware is valued
at factory sales prices and imports at landed costs.

P.O. Box 206, Los Alamitos, CA 90720
Phone: (213) 598-6676 TWX: 910-341-7295
Electronic Components International
450 Denison St., Markham, Ontario L3R 189, Canada
Phone: 14161 495-6202 Telex: 065-24011
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To Siemens, U. S. is vital component
Friedrich Baur's parts group did $30 million in sales
in America last year and expects still more expansion

Looking

west.

Siemens'

Friedrich

Baur

expects his components group to add to its
list of investments in the U. S.

90

There is no denying that European
companies are investing heavily in
the U. S. electronics industry. During the past seven years, some
sources say, they have spent about
$300 million on company acquisitions on the American side of the
Atlantic Ocean.
One of the early heavy investors is
Siemens AG. Overall, the West
German company, with total sales of
about $11.8 billion last year, has
spent nearly $125 million in the electrical and electronics fields in the
U. S. during the past 25 years,
mostly recently. In fiscal 1977-78,
the Munich firm expects to invest
another $80 million in America. The
expenditures are starting to pay off
handsomely: the company's 1976-77
U. S. sales came to some $300
million, roughly 30% above the
1975-76 level.
Of Siemens' seven divisions, particularly active in the U. S. of late
has been the $700 million Electronic
Components Group. It has invested
about $40 million during the past
three years. Landmark deals are the
takeover of Dickson Electronics in
Scottsdale, Ariz.; the cooperative
deal in microprocessors with Intel
Corp. of Santa Clara, Calif.; the
80% acquisition of Litronix Inc. in
Cupertino, Calif.; the 20% participation in Advanced Micro Devices Inc.
in Sunnyvale, Calif.; and the founding of Advanced Micro Computers,
which is ajoint venture of Siemens
(60%) and AMD (40%) and is also
situated in Sunnyvale.
The chief architect of these deals
is Friedrich Baur, 50, a member of
the Siemens board of management
and president of the components
group. Seated near the video-tele-

phone that connects him to West
Germany's post office research laboratory in Darmstadt and to the
ministry of posts, telephone and telegraph in Bonn, Baur expressed his
thoughts on various aspects of his
group's activities in the U. S. in an
interview with Electronics. Here are
the highlights of that interview:
Q. Why are you becoming so active in
the U. S.?
A. Very simple. Components are in
demand primarily in industrialized
countries with a strong electronics
base. So, if you want to sell components, you must go to ahighly developed country. And what place is
more developed than America? Another important factor is the large
size of the relatively homogeneous
U. S. market.
Q. Does the desire to be in a hightechnology market also play arole?
A. Sure. The U. S. market spawns
many things that come out in Europe
with a three-to-five-year delay. Essentially,
these
are
digital
products—computers, terminals,
and the like. In the U. S. they appear
on the market at a time when
Europe still ponders what to do.
Such an innovative environment benefits us as acomponents maker.
Q. Is the political and economic
stability another factor?
A. Yes, that's another point. We
probably have more freedom of
disposition and movement there than
anywhere else abroad. All in all, to
us as a company with long-range
planning, America presents itself as
a pilot market in several respects—
in innovation, volume, and earlystage product introduction. .
Q. How successful have you been?
A. Our components business last
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year came to about $30 million. But
there are other sides to success. We
understand the American market
much better than we did only a few
years ago. We know more about
operations there, about intercompany relations, distribution channels.
By contrast, afew years ago we used
to be surprised to find that certain
things were handled differently in
the U. S.
Q. Does your experience in America
help you elsewhere?
A. If you can operate in the American market, you can surely operate
in others as well.
Q. Do you consider any particular
American sectors—communications,
for example—inaccessible or at least
difficult to sell to?
A. Markets are difficult only insofar
as there are some decades-long and
well-established contract and business relationships between, say, customers for communications equipment and suppliers like AT&T. And if
you want to enter such sectors, you
niust face these strong and timeproven relationships. In that sense,
U. S. markets may be difficult. But
they aren't any more difficult than in
other countries—in England, Germany, France, or elsewhere.
Q. It's being said that what's left for
foreign companies in America are firms
in financial trouble, firms that an
American company would not want. Is
there any truth to that?
A. Not really. It's basically a question of "what must Ido to reach my
business goals in America?" Of
course, it is relatively easy to buy
firms that are going bankrupt. In
this case you must put up enough
capital to effect aturnaround for the
firm and to steer it into anew direction, one that furthers your aims.
But you can also buy into financially
sound firms, especially if, besides
money, you bring along technology
and sales experience in other markets. We have become involved in
both kinds of companies. Litronix is
one that has gone through bankruptcy, and AMD is a fantastically
prosperous enterprise.
Q. Have you been readily accepted as a
foreign company?
A. We have encountered no difficulties as a result of being a foreign
company. In one form or another, we
have been active in the U. S. for
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decades and we will expand our
activities there step by step. As Isee
it, markets are becoming increasingly world markets. This is true
particularly for components because
it is easy to ship acomponent made
in, say, Singapore to the U. S. or
Germany. Or one made in California
or Germany can be air-freighted in
one day to anywhere in the world. So
what we have today is a worldmarket situation, one in which a
component's country of origin is not
as important as is its design,
performance, or price.
Q. Do you have plans for more U. S.
joint ventures or acquisitions?
A. While we cannot reveal every
detail about what we are contemplating, one thing is clear: given the
significance of the American market, we will try to serve that market
as well as our strength permits. A
whole arsenal of business possibilities is at our disposal, and we are
going to use that arsenal.
Q. A top Siemens executive recently
said that annual growth rates of 10%
to 20% in the U. S. should be possible
for the company as awhole. What are
the prospects for your group?
A. You have to look at each sector
individually. Ithink a 10% growth
rate would be rather modest for integrated circuits, but alofty target for
passives, for example.
Q. Will you be pushing any specific
component categories in the U. S.?
A. We will introduce in America
what we think are excellent devices
for entertainment electronic
products. Further, together with
AMD, we will build up our microcomputer activities there. We will also
cultivate fields in which we think we
are particularly strong —ferrites and
surge-voltage protectors, for example. In short, we will go to market
with all our products, from tubes to
electrolytic capacitors, if the market
is interested in them.
Q. What's your sales strategy?
A. Broadly speaking, we want to
serve the U. S. market with both
standard and selected products, the
former covering devices that every
electronics equipment maker needs,
and the latter intended for special
customers. An example of aspecialized product is the traveling-wave
tube built for the U. S. Navy [Electronics, Jan. 20, 1977, p. 36].
E

That's why you need to
talk to us when you need
SCR's. In the up to 35 amp
range, we can offer you
more package designs than
anybody in the business.
And where quality is concerned, we absolutely refuse to take aback seat to
anyone.
With our SCR's you not
only get all the design flexibility you could want, you
get quality and quick delivery at aprice that's comparable or possibly even
less than what you're paying now.
Get in touch with our local
representative or call us at
817-267-2601.
If you want to talk SCR's,
we speak your language.

ftECCOR

TECCOR ELECTRONICS, INC
P0 BOX 669 EULESS, TEXAS 76039
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Nobody else
can say that
bout SCR'S.
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Testing for others means business
Macrodata has been doing $1 million worth ayear
after establishing alab and programs for LSI devices
by Larry Waller, Los Angeles bureau manager

In recession-battered 1975, Macrodata Corp. had its full share of slowdown worries. Its testers for largescale integrated devices often sat idle
for weeks waiting for shipment, and
so did the applications engineers who
install them. "Then we wondered,"

92

recall two engineers, "why not use
them to make some money?" That
question triggered a thriving new
business for the subsidiary of CutlerHammer Inc.: selling aservice package of LSI testers, engineers, and
software to perform complex device

testing at the Woodland Hills,
Calif., headquarters.
Those two engineers are Richard
Turned on. Macrodata test technician Daniel Kennelly characterizes a microprocessor
at the Woodland Hills, Calif., facility.
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1
/MINIETMell
total system support.
N'e'f. You know us fo ,our nigh-performance data aoquisition products.
=Dur 620 Systems ... the Series 100 Amplifier/Multiplexer, Series 300
Signal Conditiorer and Series 400 Differential Muliplexer have set industry performance standards ..0.05% accuracy. 50kHz scanning
rate, nput sensitivity of 5mi:livolts to 10 volts, 120dB common mode
rejection and up to 2048 input channels.
But you may not know that Neff supports the 620 system with software
and off-the-shelf interfaces for computers ...DMA interfaces for full or
half duplex, programmed
I/O interfaces and
software drivers that
make the system compatible with standard
software operating systems Some Neff interfaces ncluce a RAM
memory for scan list storage tc provide equivalent
full duplex operation
while us ng only asingle
computer I/O port.
For systems installed
at remote test sites, we
of er the Neff Serial Data

Lnk that sends data at 50.000 words per:second on acoaxial cable. It
eiiminates costly long analog input cables from test site to computer
facility and allows up to eight remote systems to be linked to asingle
computer.
If you require aTurn-Key system. we have the 620S and 620L. System 620S is acomplete. integrated, easy-to-use system:that utilizes the
Hewlett-Packard 9825A computing calcLlator for system control, data
recording and analysis. System 620L is ahigh-performance system that
incorporates Digital
Equipment Corporation's
PDP-11 computer. It provides real-time processing, display and recording of both analog and digital data.
So, you can see that
we supply much more
than quality analog 'front
ends.' Whatever your
data acquisition reauirements are, we can help.
Get the complete picture.
Call or write today for our
ree brochure.

INSTRUMENT CORPORATION
1088 EAST HAMILTON RD„ DUARTE, CALIFORNIA 91010

• TELEPHONE (213) 357-2281

• TvVX 910-585-1833
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biggest tester, the 10-megahertz
MD-501 with 64 test channels, costs
up to $400,000, and the annual tab
C. McCaskill and Wayne Sohl. on one engineer can be $60,000 in
McCaskill, as manager of applica- salary and upkeep.
tions services, ran the testing operaTo get business in 1975, McCastion with the aid of Sohl. McCaskill kill and Sohl hit the road. The first
has left Macrodata, but still serves it major customer was the Air Force's
as aconsultant. He was succeeded as Rome, N. Y., Air Development Centesting chief by Sohl.
ter, which needed characterization
What supports Ls! testing as a data on commercial static randomseparate business is a two-edged access memories in order to write
trend in application services that initial military specifications on
McCaskill and Sohl spotted early on. what were then new devices.
On one hand, says Sohl, "the engiAll alone. From this part-time
neer wants to know what apart looks start, testing operations grew to a
like before designing it in." Since full-fledged business during 1976.
semiconductor manufacturers do not Boosting Macrodata prospects is a
supply enough "characterizations" lack of competition. As McCaskill
for the functional operation of points out, "Commercial lc testing
increasingly complex Ls! processors houses largely do burn-in," a highand memory, users have to generate temperature procedure more consuch test data on their own.
cerned with quality control than
But the economics of Ls! testing characterization.
bar all but the largest users from
Macrodata's plan, along with
having an in-house capability. "Buy- building business, was to compile a
ing and operating your own test lab library of test programs during 1977
can cost $500,000 to $600,000 in the for all state-of-the-art LSI processors,
first year, bare bones, just getting memories, and peripheral chips, then
started," he explains. Macrodata's use the programs to go after highProbing the news

volume customers in 1978. To abase
of test programs for all 4,096- and
16,384-bit random-access-memory
chips and basic processor families
(including 8008, 6800, 2901, and
.1802 devices), Macrodata keeps
adding programs for such new chips
as Texas Instruments' 74S481, a 15megahertz bit-slice, and the
c-mos 6100, made by several firms.
An order to characterize functions
of 5 to 10 LSI parts, which Sohl
terms typical, takes 80 or 90 testing
hours. Prices vary with how much
testing acustomer wants and whether software already exists. Costs for
processors are higher than for memories: developing a test program for
a memory runs about $3,000, and
characterization averages $45 to
$125 per 16-k device, whereas
processor programs go from $5,000
to an extreme of $22,000, while
putting one through its paces falls in
the range of $50 to $150 per device.
Straight go/no-go testing costs $1 a
part in volume. All devices are tested
at three temperatures in the standard —55 °-to- +125 °C range.
With two years experience under

Time Delay Relays
i
ëaysô 1 secon sto yez-and more.
•••

Circle 94

Widest choice of timing modes,
voltages, mountings, enclosures and
contact arrangements. Save
design time by selecting astandard
P&B time delay relay. Or,
we'll make a special for you if
your application
demands it. All built
to 1
3833's high standards of quality and
performance. Potter
& Brumfield Division
AMF Incorporated,
200 Richland Creek Dr., Princeton, IN 47671. 812/386-1000.

PotteraBrunifield

its belt and a growing program
library, Macrodata feels poised to
move out of what amounts to smallscale custom testing into the really
big volumes. "These amount to
1,000 to 10,000 devices per month
per customer," Sohl says. Currently,
there are three testers at work,
employing four applications engineers on two full-time shifts, sometimes adding athird. "We're booked
pretty heavily now," he says.
As for the contribution to company revenues, the firm will not talk,
but sources say it could approach $1
million on an annual basis. Although
Cutler-Hammer does not report
Macrodata results separately, the
tester maker had revenues of $11
million to $12 million ayear when it
was acquired.
Serendipity. Beyond being a good
business, testing is paying off in
another way. "As probably the heaviest user of its own equipment,
Macrodata gets the biggest insight
into how it works, where it is deficierg, and where improvements are
needed," McCaskill says. The first
result is anew family in which "not

one piece is the same as before—we
took a new sheet of paper and
started over again." This approach is
required by the size of the next
generation of RAMS, with both
131,072- and 262,144-bit devices in
sight, and processor speeds in excess
of 10 megahertz. Prototype testers
are scheduled for completion this
month.
Macrodata's testing customers
come from most parts of the industry, mainly computer manufacturers,
the military, and systems houses, as
might be expected. Surprisingly,
semiconductor houses make up a
growing part of the business, but
McCaskill and Sohl will not identify
them. "They use us as an uninvolved
third party with no ax to grind,"
Sohl explains. These manufacturers
do not seek routine service, "but
come only with big problems."
Another user of Macrodata programs, which turn up many unexpected device failures, particularly
in supposedly identical devices from
adifferent vendor, is amanufacturer
altering his production processes.
For the user, the Macrodata

testing service saves money and
time, according to Kenneth Houghton, senior components engineer at
Sperry Univac's minicomputer operation in Irvine, Calif. "It's difficult
to justify amicroprocessor tester for
small volumes," he says, "so it's
beneficial to send parts out to test."
Although the division has amemory
tester, it cannot handle all of the
30,000 dynamic RAMS that come in
the door each month.
Another customer at a government agency that has been giving
characterization tasks to Macrodata
since 1976 observes, "I suspect they
have aleg up on this business," since
other independent testing houses do
not have equivalent equipment or
software.
Macrodata's growth in a new
business niche "underscores the entire testability issue," in the opinion
of the two engineers. And interest in
LSI testing is creating a seller's
market for experienced engineers
who can run programs. Since there
are not enough yet to go around,
firms like Macrodata that have a
trainee pool must fend off raids.

...and other solutions to your
tough design problems are found in
P8(13's growing product line.

Potter& Brumfield

NEW low-cost S87R
industrial relay. UL
recognized. Contacts rated
to 20 amps, 277V AC, 50,000
operations at rated load.
Contact forms to 2C. Ideal
for vending machines,
HVAC, home appliances
and machine tool controls.

NEW T10 PC Board Relay.
Now sealed for flow
soldering and immersion
cleaning. Only .425" high
allowing 0.6" center-tocenter spacing. Ideal for
high density applications.
Choice of 2,4 and 6
Form C contacts for 0.1
to 3amp switching
@ 28V DC.

W58 thermal circuit breaker.
Positive snap action
switching up to 35 amps for
under $1.00 in quantity.
Exclusive blade design.
Pressure actually increases
until contacts open ...with a
"snap': Trip times at 200%
of rated load-1 to 4amp
models 10 to 45 seconds,
5to 35 amp models, 6to
30 seconds.

NEW EAX solid state AC
relay. Thyristor controlled
and isolated by pulse
transformer circuit. Can be
driven directly by logic
circuits such as TTL, MOS
and HTL. Terminals for 0.1"
grid printed circuit board
mounting. Rated 1.2 amps,
120V AC.
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Fluke Counters.

What's in aname?
96
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A glance at our counter guide shows how
broad aselection you have when you choose the
Fluke name.
Pick resolution from six to nine digits, and topend frequencies from 80-1250 MHz. Notice that
all Fluke counters are multi-function, from the frequency/period/totalize capability of the 1900A to
the six-function 1953A Universal Counter-Timer.
All models have input signal conditioning for reliable readings in the presence of noise, distortion,
and ringing, and most have attenuators for increased dynamic range. So for R&D, GENERAL
BENCH or PRODUCTION LINE applications, buy
exactly what you need over an affordable, performance-effective price range.
For FIELD MAINTENANCE AND SERVICE,
most of the line is available with an optional rechargeable battery pack installed inside the compact, portable case. Let autoranging keep the display full at all times for "hands-off" convenience,
and rely upon autoreset to eliminate erroneous
Counter Selection Guide
Number of Digits
Frequency (MHz)Basic Unit
Options

RFI-shielded, and TCXO timebases are available
for the kind of high accuracy you might need over
environmental extremes. And if you choose the
1920A, you can get aresolution multiplier for highresolution audio measurements.
If you have an ADVANCED BENCH or SYSTEMS application, the 1953A was designed for you.
With fully programmable ranges and functions (including trigger level), the 1953A is available with

Fluke 1953A: aname and number to remember for perfection in programmable
counter-timers.

IEEE-488 or BCD parallel options, at aprice more
than $1,000 less than the competition's similarlyequipped models.
CALL (800) 426-0361, TOLL FREE and let
us show you how the Fluke name is as meaningful

1900A

1910A

1911A

1912A

1920A

1925A

1952B

6

7

7

7

9

9

7/8

9

80

125

250

520

520
1250

125
520

80

125
1250

1953A

Period

•

•

•

•

•

Totalize

•

•

•

•

•

•

•

50

30

Time Interval
Ratio
A gtd by B
Sensitivity (mV)

25

15

15

15

15

15

•

•

•

•

•

•

•

Trigger Level Control
External Timebase Input

•

Battery Option

•

TCXO Option

•

•

Ovenized Timebase Option
DOU Option

•

•

•

Std

Autoreset

•

•

•

•

$995

$750

Autorange
U.S. Price Basic Model (No Options)

•

•

•

•

$345

$395

$495

$620

partial-readings. In the Fluke tradition, they'll take
areal field beating, too.
COMMUNICATIONS people find the 1911A
through 1925A attractive for VHF/UHF measurements. They're so sensitive that asimple optional
whip on the 50-Ohm fuse-protected input makes
transmitter checks quick and easy. With automatic
clean dropout, you'll always be right because the
reading goes to zero with afading signal. They're

•

•
$795

$995

in counters as it has been for other fine test and
measurement instrumentation for the last 30 years.
It's your assurance you've bought the best, backed
by more than 32 service centers in 18 countries,
worldwide.
John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043. In Europe, contact
Fluke (Nederland) B.V., P.O. Box 5053, Tilburg,
The Netherlands. Tel. (013) 673973. Telex: 52237.
'Using external timebase input

Command Performance: Demand Fluke Counters.
FLUKE
2102-8007

Circle #97 for 1900 Series
Circle #96 for 1953A only

Ailtech's growing list of customers, spanning the
globe, is representative of the ever changing needs of
Industry in search of excellence...our skilled engineers' dedication and expertise in meeting these needs
is always constant at Ailtech. Performance, Ease of
Operation and Reliability have gained us recognition
in the field of instrumentation...and we're confident
that the measure of excellence which has become an
Ailtech standard will be your first consideration when-

C-System Noise Monitors —field or production use
• Monitor noise performance of operating systems
and components • Synchronous on line Radar monitoring • Analog or digital readout •Noise Figure and
Gain measured in one instrument • GPIB option
available
D-Precision Automatic Noise Figure Indicator
The Standard around the World
• RF Range from 10 MHz to 40 GHz •Input frequen-

ever precision instrumentation is required.
For Instrumentation designed to meet the total needs
of Industry today and in the future... Look to Ailtech.
A-RF Power Signal Sources— 10 KHz to 3000 MHz
• CW and Pulse Power up to 70 watts • Plug-in
heads provide broad coverage • Positive load mismatch protection • Frequency counter readout •

cies from 10 to 1000 MHz • Adjustable ENR calibration • ±0.15 dB tracking accuracy • Complete selection of noise sources
E- Spectrum Analyzers —1 MHz to 22 GHz
• Simple, easy-to-use operation • Absolute Power

AM-FM options

Measurement • 100 dB Display Range • Digital Frequency Readout • Internal Preselection

B-Broadband Amplifiers all Solid State design

F-Synthesized Signal Generators — 10 KHz to2000 MHz

• Broadband — 1to 512 MHz • To 75 watts available • Monitors forward and reflected power •
Linear—Less than 1dB compression at rated output

•Clean Signals — Spurious 100 dBc •Quiet Signals —
Phase Noise 138 dB/Hz • Fast Switching — 20 isec
•Programmable — GPIB Adapter available •Modulation — Amplitude, pulse, frequency and phase
in ONE plug-in

AILTECH
A
. CUTLER-HAMMER COMPANY

INTERNATIONAL OFFICES

EAST COAST OPERATION
815 Broadhollow Road •Farmingdale, N.Y. 11735
Telephone (516) 595-6471 •Telex 510-224-6558

WEST COOPERATION
19535 East 1,.11 Drive •City of Industry, CA 91748
Telephone (213) 965-4911 •Telex 910-584-1811

FRANCE —La Garenne—Colombes •Telephone (01) 780-73-73 •Telex 62821
GERMANY— Munich •Telephone (089) 5233023 •Telex 529420
UNITED KINGDOM —Crowthorne •Telephone 5777 •Telex 847238
JAPAN—Tokyo •Telephone (404) 8701 •Telex 781-02423320 (Nippon Automatic)

Circle 98 for Demonstration
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Sperry Univac mini's can
We use an Auto-trol Corporation system
to draw printed circuits for our new mini's.
Every one of the Denver-based firm's automated design and drafting systems contains
one of our own Sperry Univac mini's.
The real-time capability of Sperry Univac
mini's allows each Auto-trol interactive, multidiscipline system to support up to twelve
design stations. Not only can the designer
perform avariety of design/drafting functions
in 2and 3dimensions, but also concurrently

generate bill of material, wire lists, job
accounting, and other tasks.
The Sperry Univac mini behind this
amazing system is just part of our complete
family of mini-computers supported by
powerful software.
One of them is right for your system
application. Whether it be business data processing, scientific, instrument control, or
data communications.
For more information, write to us at

draw their own replacements.
Sperry Univac Mini-Computer Operations,
2722 Michelson Drive, Irvine, California 92713.
Or call (714) 833-2400.
In Europe, write Headquarters, MiniComputer Operations, London NW10 8LS,
England.
Sperry Univac. Mini's that think like
mainframes.
They should draw your interest. Even if
you don't draw schematics.

E

‘1-1.
ir UNIVAC
SPERRY UNIVAC IS A DIVISION OF
SPERRY RANO CORPORATION

Circle 251 on reader service card

Dense, it is.
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Dumb, it ain't
Our new S2000 microcomputer contains
more than 13,000 transistors on achip less
than .2" square. It was designed specifically to run appliances. Yet it's flexible
enough for all kinds of products now dependent on electromechanical controls.
The S2000 is an entire microcomputer on
asingle chip, with expandable program
ROM and versatile I/O. So you can implement or enhance your control schemes
quickly and easily.
It's an amazingly efficient circuit, too. All
51 instructions in its powerful software set
occupy just one ROM byte apiece. All but
two execute in four microseconds, asingle
machine cycle. And this fast NMOS device
can operate from one power supply.
For less than $5 each in quantity, each
S2000 contains:
1. The CPU, including Control Unit, Arithmetic Logic Unit, Registers and Program
Counter.
2. 1Kx8 ROM (externally readable and
expandable to 8Kx8).
3. 256-bit RAM.
4. 29 I/O lines.
5. 7-segment display (normal or inverted)
decoder and LED drivers.
6. Triac drive capability.
7. Line frequency (50/60 Hz) timer.
8. TouchControl capacitative switch
interface.
9. Three-level subroutine stack and two
flags.
10. Power-on reset and clock oscillator.

Soon, other S2000 family microcomputers will have vacuum fluorescent
display drivers and on-chip 2K ROMs.
In addition, AMI welcomes modifications
to the S2000 to meet your particular I/O
requirements, making your system even
more cost effective.
Our Microcomputer Development Center
(MDC) contains apowerful array of hardware and software tools to get your
product to the market fast. Its intelligent
6800 microprocessor system controls a
CRT with aflexible text editor, asmart
macro-assembler, and abuilt-in PROM
burner.
The DEV-2000 Development Board lets
you do hardware emulation and software
debug at the same time. The SES -2000
Static Emulator Module plugs right into
your prototype. Our Logic Analyzer gives
you computer power to create your own
diagnostic display layouts and formats.
And we even have software that simulates
the S2000 within the MDC.
What more could you ask, except for
some Application Engineers to help you do
afast turnaround. We have those, too.
Specialists in the S2000 are ready and
waiting for your call at (408) 246-0330.
Or simply write to AMI Marketing, 3800
Homestead Road, Santa Clara CA 95051.
You'll be amazed how smart one dense
little chip can be.

AMERICAN MICROSYSTEMS. INC.

Circle 103 on reader service card

It's a razzle-dazzle world ... PROMS, RAMS, ROMS and mP's
LSI and now, VLSI. But you still
need discretes and that's where R-OHM comes in, stronger than ever. We have built a reputation as one of the world's most dependable sources for metal and carbon film resistors. And
now we've added semiconductors to the R-OHM line-industry-standard diodes and transistors.
Ask your R-OHM representative for the details. Start specifying R-OHM discretes today and you won't
be looking for another source tomorrow. R-OHM Corporation, 16931 Milliken Avenue, PO Box 4455, Irvine,
California 92716. Telephone: (714) 546-7750. Eastern offices: (312) 843-0404.

A CONSTANT FORCE IN A CHANGING WORLD
Circle 104 on reader service card

Technical articles_

Digital testing oscilloscope
cushions against mounting
costs of troubleshooting

2
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by William E. Shoemaker and David W. Wilson,
Troubleshooting today's digital products is a major
expense. Even with the use of automated testers, many
manufacturers are being forced to spend more on testing
and fault diagnosis than on assembly. The problem is
that fault isolation, whether done in the factory or in the
field, generally defies automation. But that is not all: the
unpredictability of troubleshooting time, a shortage of
field engineers, and rising training expenses and wages
for technicians are problems as well.
To help bring these costs under control, the Biomation
division of Gould Inc. has developed a new concept in
general-purpose instruments—the digital testing oscilloscope. This instrument simplifies troubleshooting at the
end of the production line, in the repair depot, and in the
field. It is also a powerful new engineering tool for
design, documentation, and field changes.
The DT0-1 is the first oscilloscope-like instrument
designed to test and troubleshoot digital systems. It
performs automatic tests, as well as manual troubleshooting procedures, not only on digital but also on
related analog circuitry. (An analog troubleshooting
capability is important in digital testing, since many
faults have analog origins. Replacing a microprocessor
that drops bits, for example, is no solution if the problem
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Gould Inc., Biomation Division, Santa Clara, Calif.

is ashort between adjacent printed-circuit traces.)
The DT0-1 is used with a single probe, much as an
oscilloscope is, and has oscilloscope-like controls
(Fig. 1). It combines the capabilities of three instruments: a go/no-go comparison tester, a time-domain
logic analyzer, and astorage oscilloscope.
As a go/no-go comparison tester, it automatically
compares logic waveforms from a known good system
with waveforms acquired from asystem or board being
tested. The reference waveforms and other test data are
stored on miniature tape cartridges during test programming by an integral tape unit, for playback during test
operation. A microprocessor compares the waveforms,
displays both logic traces on the cathode-ray tube, and
lights up pass or fail light-emitting diodes on the probe.
As a logic analyzer, it can display up to eight traces
simultaneously in the familiar timing-diagram format.
Logic-analyzer capabilities include pretrigger recording,
post-triggering, combinational and internal triggering,
and detection of glitches, such as high-frequency noise
spikes. The traces are acquired one at atime and stored
in memory for later display.
As a storage oscilloscope, it can display digitized
analog waveforms on the same time base used to display
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1. Three instruments in one. The DTO-1 digital testing oscilloscope can operate as a go/no-go comparison tester, logic analyzer, and
storage oscilloscope. It provides its own calibration signal for checking and adjusting the probes. When a probe is touched to a front-panel
test point, the test signal is displayed to serve as avisual aid while the operator trims up the probe circuitry.

logic traces. Any number of analog waveforms can be
stored in memory and superimposed on the upper part of
the CRT display at the same time that up to three logic
traces are displayed on the lower part. The combined
displays help the troubleshooter determine whether a
fault is caused by an analog or adigital malfunction and
provide information needed to correct either type.
The DT0-1 is virtually self-programming and uses no
software language to program tests. Instead it records on
tape the reference logic traces and control settings
acquired from aknown good board or system. When the
operator plays back the tape, the instrument automatically sets itself up to perform ago/no-go test.
As adesign instrument, the DT0-1 is more versatile
than conventional logic analyzers and oscilloscopes. It is
an ideal before-and-after tool. since it can record reference patterns before adesign change and play them back
later to display the effects of the change. Its performance
is high enough even for some emitter-coupled-logic
designs—its maximum sampling rate of 100 megahertz
allows it in practice to handle input signals with frequencies up to about 20 MHZ.
Selective automation
To expedite troubleshooting and reduce training costs,
the digital testing oscilloscope selectively automates test
routines. Since an operator's skills are not required to
troubleshoot asystem's good functions, the DT0-1 automates those tests that determine which parts of asystem
operate properly. When a bad function is located, the
DTO-1 acts as a general-purpose instrument that can
isolate the causes of either digital or analog faults.
At the beginning of atest sequence, amicroprocessor
within the instrument determines, from asingle test, the
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frequency difference between the system under test and
the reference traces and automatically allows for it
throughout the sequence. Then the operator simply uses
the smart data probe to check the specified points in the
system. As he does so, the microprocessor sets up the
instrument for each test and makes go/no-go decisions.
The probe has pass/fail lights and two push buttons
for automated testing, freeing the operator from having
to look at the display or reach to the control panel. He
merely looks to see whether the lights are green (pass) or
red (fail), and if the pass LEDs light up, goes to the next
test point. When the fail LEDs light up, the operator
looks at the CRT display for clues to the cause of the
problem. The display shows a system-under-test and
reference logic-trace pair and up to six previous traces
that had passed the tests. The main clue is an underlining of the system-under-test trace where it disagrees
with the reference trace.
The operator then either goes to a manual mode for
combined digital and analog troubleshooting or runs a
previously programmed fault-isolation sequence. In the
manual modes, the DTO-1 operates as a single-probe
logic analyzer with oscilloscope-like controls, as a
storage oscilloscope, or as acombination of the two. For
instance, the faulty trace, still underlined, can be visually
compared with avariety of traces and waveforms, such
as the actual analog waveform of the trace, associated
timing signals, power-supply levels, and comparator
outputs. Acquired with the same probe, these are shown
above the system and reference trace pair on the same
time base.
Such combination displays usually lead to the cause of
the fault. If an analog signal is bad, the technician
spends no further time checking digital functions. If the
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fault is digital, he can check out basic digital devices as
he would with an oscilloscope (or with an analyzer) or go
to a recorded fault-isolation subroutine to check out
complex devices and obtain more clues.
Inside the DTO-1
The ditigal testing oscilloscope is basically a singlechannel logic recorder controlled by a 6800 microprocessor (Fig. 2) whose operating software is stored in 16
kilobytes of read-only memory. Its random-access
memory stores traces and control settings and transfers
them to the tape and to the display via adirect-memoryaccess channel. Maximum RAM size is 16 kilobytes, for
transcribing up to 100 records per tape cartridge (standard miniature data cartridges, 3M type DC 100A).
Each cartridge can actually store 200 test records, but
all records are written twice so that the microprocessor
can use backup data when an incorrect record is
detected. Each record contains 1,000 samples of alogictrace pattern, 120 bits for control settings, and 8bits for
cyclic redundancy checking.
The names of the DT0-1's controls have been kept as
close as possible to those of the oscilloscope. For example, analyzer sampling rates are automatically derived
from a seconds-per-division setting. Even pretrigger
recording, a function not available on real-time oscilloscopes, is expressed in terms of CRT divisions. Push
buttons, used in place of rotary switches to select ranges
and other variables, increment or decrement values
displayed on the CRT screen.
The input circuitry is essentially a pair of high-speed
comparators that are calibrated and set up by the microprocessor. In fact, the instrument contains very little
analog circuitry, since input signals are immediately
digitized upon capture and then processed digitally.
The data-probe signal input is compared with the logic
threshold at sampling intervals down to 10 nanoseconds
(at the 100-MHz rate). The resulting bit stream is
applied to a high-speed transistor-transistor-logic memory with an emitter-coupled-logic front end, which stores
the most recent 1,024 bits. After the trigger event occurs
and the trigger countdown is completed, the memory's
contents are transferred to the main RAM for processing
into display bits (and, if desired, for recording).
For display purposes, the 1,000 bits are compressed to
200 bits by an algorithm (Fig. 3) that preserves significant pulse-train details. For example, astring of several
1bits can be compressed to just afew bits, whereas a 1
bit in a string of 0 bits is retained, since it might be a
noise spike. A complete 200-bit display trace may
actually be generated with as few as 40 bits, even at the
maximum-expansion setting of the trace.
Analog-signal processing
If eight traces are acquired sequentially without
changing the time base or triggering conditions, the
display shows atiming diagram like that displayed by an
eight-channel logic analyzer, as noted earlier.
Analog waveforms are acquired at sampling rates up
to 100 MHZ. Up to 200 hertz, successive approximation is
used to perform analog-to-digital conversion (1 part in
39). At higher frequencies, the microprocessor functions
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as adecision-making controller to provide aresolution of
1part in 39 with the two comparators. (The 39 steps
were chosen to allow 10 increments within each of four
divisions on the CRT.)
The microprocessor divides the analog display area
into 39 voltage increments, or windows, each bounded by
apair of thresholds. If the range is set at 0to 4.0 y, for
example, the highest pair is 3.95 and 3.85 y, the second
is 3.85 and 3.75 y, and so on. The microprocessor steps
through the 39 windows, and at each sampling timeinterval, analog signal levels within that window all the
way across the screen are digitized and stored as 1
sin
the high-speed memory.
After each analog signal sweep across one window, the
contents of the high-speed memory are transferred to
RAM and the bits are processed to produce 200 display
bits, as in trace acquisition. Here, too, an algorithm
(similar to the one in Fig. 3) is used that preserves
significant features of the waveform, such as overshoots
and undershoots.
The display bits are stored in one row of a39-by-200bit RAM matrix. As the matrix is filled row by row, the
39 waveform strips are "painted" on the screen until the
waveform display is fully developed.
Low-frequency signals are digitized in a single pass
and similarly processed and stored.
The practical limit to the number of signals that can
be superimposed on the analog waveform display is
reached when the operator can no longer distinguish one
waveform from another. Timing-control changes clear
the analog display so that waveforms can be acquired on
the new time base.
Self-testing
The microprocessor also performs many self-tests on
the instrument. It runs memory diagnostic routines and
input calibration tests and also checks the tape records
using cyclic redundancy checks.
Whenever the tape is read, the CRC byte is used to
check the test record. The Hamming code used in the
CRC ensures 100% detection of 1-, 2-, or 3-bit errors
anywhere in the stream and groups of errors spanning 8
bits or less, and better than 99% detection when more
than 3bits are in error or the span exceeds 8bits.
If the first of the two test-record copies fails the CRC,
the second is read and checked. If both fail, these
redundant checks are made up to three more times by
rewinding and rereading the two records.
If all eight CRCS fail, the microprocessor displays the
message READ ERROR AT XXX (the position number).
Pressing the clear button results in the trace being
displayed with an E instead of its normal R prefix. Most
probably, the cause of such a failure is a dirty tape
read/write head, but it might be a scratched tape or a
component failure.
The DTO-1 operates in six modes, but test operators
will generally use only four: trim, autoscope, mixed, and
scope. The other two, program and transcribe, are used
to set up test procedures.
The trim mode is initially used with a probe-calibration waveform accessible at atest point on the DT0-1's
front panel (see Fig. 1). This signal passes through the

107

2. Microprocessor-based. A 6800 microprocessor supervises operation of the DTO-1 in all modes and handles all data processing related to
test and programming operations. In addition, it isolates faults in its ROM and RAM, calibrates the input circuitry, checks the accuracy of
records while they are read, and alerts the operator by setting panel lights, preventing trace acquisition, and displaying error messages.

data or trigger probe and generates a square-wave
display. If the wave is not squared up correctly, it is
corrected with a trim adjuster on the probe. The input
circuitry within the instrument is calibrated automatically by the microprocessor before each trace or waveform acquisition.
The autoscope mode is for automated comparison
testing. The CRT displays up to eight logic traces (the
reference and system-under-test traces that are being
compared and as many as six previous traces). To obtain
the traces, the operator presses the advance and arm
buttons on the data probe. He then sees the test results
on the probe's pass/fail LEDS.
The mixed and scope modes are for manual operations. In either mode, up to eight logic traces or up to
three logic traces plus analog waveforms can be
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displayed. In the mixed mode, the two bottommost
traces, if any, are holdovers from a previous mode.
Typically, they are a reference and system trace pair
held over from the autoscope mode, with system
disagreements underlined.
Programming modes
In the program mode, the DT0-1 can also display up
to eight logic traces. The engineer will usually list record
numbers and test points on a test procedure. As the
traces are acquired, he can assign record numbers,
manipulate the control settings, and reacquire the traces
for recording with the desired settings. For instance, he
can use the trigger-position control to shift a critical
logic transition to the first division of the screen, then
use the seconds-per-division control to expand the trace;
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or he can compress it to show aseries of transitions.
In the transcribe mode, the microprocessor transfers
test records between RAM and the tape unit. Records can
be written back onto the same tape or onto different
tapes. This allows newly and previously recorded test
records to be combined for various applications.
The tape records may be organized into different
routines and subroutines to perform tests at the system,
board, and component levels. For example, one cartridge
may contain high-level tests and asecond cartridge the
component fault-isolation routines; or a cartridge may
contain the high-level tests for a small system at the
tape's front end and the fault-isolation routines on the
remainder of the tape. Subroutines need not be
programmed for well-known devices. If input/output
lines begin failing, for example, the procedure can
simply tell the operator to check, in amanual mode, the
power-supply levels and the input/output traces of the
unit's line drivers.
Using the test records
When the DTO-1 is used in the autoscope mode, data
alignment and data comparison work together to reduce
most troubleshooting decisions to a simple pass/fail
reading. These functions also allow logic operations to be
tested when there are timing differences between the
system and reference waveforms.
When the first record is called from tape, the logic
trace appears in the eighth (bottom) position on the
display and is labeled R001 (Fig. 4a). When the corresponding system trace is acquired, it appears in the
seventh position and is labeled A001 (Fig. 4b).
The first test point in aprobing sequence is usually a
node providing a system clock signal or an associated
rectangular wave. If, say, the system clock frequency is
7.7% less than the reference frequency, the actual trace
appears slightly stretched out with respect to the
recorded trace. Pressing the data-align-AF/RF (actual
frequency/reference frequency) button causes the value
of the frequency ratio to appear on the screen (0.923 in
Fig. 4c) and the R001 trace to stretch to align with the
A001 trace.
The ratio remains on display and all subsequent R
traces stretch automatically to align them with the corresponding A traces, unless the operator again presses the
alignment button. He may do that to check a system
clock adjustment or to troubleshoot atiming problem if
the ratio exceeds aspecified limit.
To perform frequency alignment, the microprocessor
determines the number of transitions and their positions
in the actual and recorded logic patterns. From this, it
calculates the frequency ratio. Then it compares the
patterns bit by bit, taking into account the frequency
ratio used to adjust the trace display generated by
processing the reference pattern. On subsequent comparison tests, the microprocessor automatically allows for
the frequency ratio so that logic functioning is tested
despite frequency differences. Frequency alignment
continues through mode changes (Figs. 4d and 4e) if the
alignment buttons are not pressed again.
When the A001 trace first appears, the microprocessor draws aline (data-comparison trace) between the

Electronics/March 16, 1978

I

LET N =1
LET DISPLAY BIT N =LOGIC 1

LOOK AT ALL
PATTERN BITS
ASSOCIATED WITH
DISPLAY BIT N

ARE THEY
ALL LOGIC 0
7

LET DISPLAY BIT
N =LOGIC 0

NO

YES

I

ARE THEY
ALL LOGIC 1
7
NO

LET DISPLAY BIT
N =LOGIC 1
YES

I

LET DISPLAY BIT
IN +11= LOGIC 0

NO

LET DISPLAY BIT
+11= LOGIC 1

INCREMENT
N BY 1
RETURN

3. Display processing. This algorithm is used by the microprocessor to compress 1,000 input sample bits into 200 bits used to
generate the logic trace on the CRT screen. The algorithm preserves
transients and other details. A similar algorithm is used to process
stored information for analog waveform displays.

A001 and R001 traces where the A trace disagrees with
the R trace. If the two traces match after alignment, the
underlines disappear. The pass/fail LEDS are set
depending on the amount of disagreement.
The tester will indicate a failure if any underline
exceeds the programmed data-comparison value or if the
total length of all underlines exceeds 30% of the trace
width. The latter is a built-in safeguard against system
conditions that may not cause the comparison value to be
exceeded at any particular trace segment but should be
checked by the operator to ensure that they do not cause
operating problems.
The next reference record is called by means of the
probe's advance button. R002 replaces R001 in the
eighth position, A001 moves up one position, A002
appears after acquisition, and the microprocessor again
aligns, compares, and underlines. When there are six
previous A traces above the newest A and R trace pair,
the next test causes the oldest A trace to roll up off the
top of the display.
When faults are detected, the operator may go to a
programmed subroutine, if available, or to a manual
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mode to troubleshoot and adjust or repair. Or he may
simply note the steps at which the fail LEDS lit and
continue automatic testing. The latter procedure may be
used if the operator is not skilled and will refer the fault
locations to atroubleshooter, or if it is more efficient to
continue high-level tests and look for fault groupings
before going on to manual troubleshooting.
Training advantages
Training requirements, and thus expenses, are sharply
reduced because the automated routines allow an operator untrained on a particular system to check it out
almost as rapidly as one who has been so trained. The
routines can bring him right down to a fault-isolation
level at which he needs to understand only how to check
such basic functions as flip-flops and power-supply
levels. In effect, the operator trains himself by learning
the test routines and the operation of the system under
test through working on it.
Also, pretrigger recording, delayed triggering, combinational triggering (using an optional trigger pod), and
other analyzer functions helpful in testing such complex
devices as microprocessors can be used in the tests
without specially training the operator. The fact that
pretrigger recording, for example, is not aconventional
oscilloscope function is of no concern to the novice user;
when he probes the system, he sees what appears to be a
real-time display, even though the display shows instructions, input/output states, and other conditions that
occurred before the trigger event. (The pretrigger conditions are programmed into the test record.)
Furthermore, conventional logic analyzers have
seldom been used for testing and troubleshooting (as
opposed to designing and debugging) because they
require familiarity with a design, a long setup time for
each test resulting from the use of multiple data probes,
and time-consuming analysis in interpreting the display.
The DTO-1's intelligence, single data probe, oscilloscope-related controls, and recorded logic traces eliminate these obstacles.
The DTO-1 thus meets the needs of many applications
where technicians work on alarge variety of systems, as
in repair depots and calibration labs and in field service.
In such situations, atechnician may work on aparticular
system only occasionally, making it difficult to isolate
faults and requiring asizable stack of manuals. A set of
test tapes can replace most of the written material and
illustrations usually needed. Also, since the DTO-1 can
duplicate tapes, the equipment manufacturer can send
copies to service organizations and users as economically
as extra service manuals. Or, since the programming
methods are simple, users can prepare tapes in the field
from aknown good system.
Production testing
The digital testing oscilloscope also meets all major
factory testing requirements, including engineering
control, stand-alone testing, and use with other automated testers. It can be employed in pilot production,
routine production, burn-in and other environmental
testing, and quality-assurance testing.
Use of the DT0-1 where design details change so fast
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4a. Test programming. The programmer is in the process of
programming a test tape. To record the first record, he has selected
a data position number (001), selected other settings, and acquired
the reference logic pattern with the smart probe. When the instrument writes the record on tape, it will display R001.

that conventional control is effectively lost, as happens
during initial production runs, solves an otherwise
serious problem for engineering personnel responsible for
documentation and test procedures. With it, the engineering department can maintain a reference-trace
catalog on tape, update it to reflect each approved design
change, and reference the resulting test records to
models by serial number. The records provide the basis
for production tests and may be kept permanently on
tape. They can be used to facilitate field service, to
update manuals, and if problems occur in the future, to
provide abasis for engineering analysis.
As a test system, the digital testing oscilloscope does
not require either personnel and equipment for software
development or major backup instruments such as oscilloscopes and frequency counters (it verifies the accuracy
of clocks and other timing signals by comparison with
the corresponding timing signals of the known good
system). For stand-alone testing, the only basic requirement is that the system under test be powered. Indeed, a
major attraction of the DT0-1 is its ability to test system
resources such as clocks and power, since it does not use
these resources when it is testing (see "The DTO-1 vs
other testers," p. 112).
Troubleshooting boards in conjunction with other
automatic testers is a natural application. Although
properly programmed testers will separate good boards
from bad ones, even guided-probe or bed-of-nails
systems (large, multiprobe comparison testers) cannot
isolate faults at the component level without extensive
software programming. Particularly effective is the use
of a stimulus tester with a DTO-1. Stimulus testers
generate predictable patterns at system nodes; whereas
the DT0-1 provides fast recording of good patterns and,
on playback, comparison testing. The combination of
predictable patterns, automatic comparison, and visual
aids eliminates guesswork and helps get the trouble-
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4b. First automatic test. The operator has selected test R001 and

4c. Frequency alignment. The operator has pressed an align

acquired the corresponding trace from the system under test (A001).

button, causing the instrument to align the R trace with the A trace,

The DTO-1 compares the two patterns and underlines the test trace

display the frequency ratio (0.923), and remove A trace underlines

where it disagrees with the recorded pattern. This first test is usually

due to frequency differences. Subsequent R traces will automatically

a system frequency check. The signal acquired from the system has

align with A traces and be underlined if there are logic disagreement,

adifferent frequency than the recorded signal.

and pass/fail LEDs will light up accordingly.
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4d. Fault finding. On the fourth automatic test, the DTO-1 indicated

4e. Back to automatic. With the DTO-1 still frequency-aligning R

that the system input that generated trace A004 was faulty. The

and A traces, the operator has returned to the autoscope mode and

operator switched to one of the manual troubleshooting modes

run seven more automatic comparison tests which the inputs have

(mixed mode) to retain the A004 and R004 traces and to acquire a

passed. On the next test, R011 will be replaced by R012, all A traces

related trace (X001) and the analog waveform of the faulty digital

will move up one division, A005 will roll up off the screen, and when

signal (top). He can also acquire supply voltage levels.

A012 is acquired, it will be displayed above R012 and tested.

shooter to the cause of acircuit fault quickly.
Since traces and waveforms can be displayed, the
instrument can be used in the lab not only to debug
digital functions but also to solve related analog-circuit
problems. High-speed transients, for example, can be
seen on all types of displays. If asampling interval longer
than the minimum 10 ns is used for traces, a "glitch
catcher" still detects 10-ns transients. Logic traces are
acquired with the single data probe from anywhere in
the system.

The taped-reference-catalog approach makes the
DT-1 an ideal before-and-after tester for evaluating
the effects of design changes, component tolerance
changes, second-source components, and the like. The
before and after comparisons are automated, as in
go/no-go testing, and result in display of disagreements
between before and after traces for such purposes.
When updated to include records made after acceptable changes, the catalog becomes abasic document for
developing manufacturing test procedures, post-installa-
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The DTO-1 vs other testers
The goals in designing the DT0-1 not only were to make it
as easy as possible to program and use for fault isolation,
but also to overcome the limitations of previous techniques. One idea led to another—for example, the reference-trace catalog to providing digital clues automatically,
the integral tape recorder, and the emulation of a logic
analyzer and astorage oscilloscope for the investigation of
both digital and analog clues.
Automated testers have used node-pattern comparisons for years. More recently, signature analyzers have
been developed to detect faults in microcomputer
systems. Both can point to faulty logic functions, but
unless a digital device obviously caused the malfunction,
an operator must still probe with ageneral-purpose instrument to isolate the fault.
Tables 1, 2, and 3 indicate the limitations of oscilloscopes and signature analyzers (Tables 2 and 3 update
those in a report on signature analyzers in Electronics,
Nov. 10, p. 107). In addition, signature analyzers require
software development that the service organization might
not be capable of.
While the chief drawback of oscilloscopes is that they
are not very effective as digital fault isolators, the reverse
is true of signature analyzers. Analyzers fall short in
isolating analog faults—a serious limitation, since most
digital faults are of an analog nature. Also, small softwarebased testers generally rely on system resources that they
cannot test.
The DTO-1 can isolate both kinds of faults, does not
require software support, and is essentially a stand-alone
system operating independently of the resources of the
system under test. It can check the functions needed to
test the system and then the system itself. But it requires a
clock signal, which can also be tested first.
TABLE 1: SYSTEM TEST CAPABILITY COMPARED
Testable system
elements

Oscilloscope

Signature
analyzer

In-circuit
emulation with
signature
analysis

010 1

Power supplies

yes

no

no

yes

System clocks

yes

no

no

yes

Processor/control logic

no

no/yes

yes*

yes

Digital input/outputs

no

yes

yes*

yes

Analog I/O

yes

no

no

yes

'System must have aprocessor

tion checkout tapes, and so forth. In fact, the digital
testing oscilloscope evolved from the idea that such a
catalog would be extremely useful for such purposes.
Furthermore, the DT0-1 can feed debugging and testrequirement information in readily usable form from the
field to the factory. When field personnel run into
unexpected problems, they can record the troublesome
patterns, along with the instrument settings used to solve
or to attempt to solve the problems. Mailed back with an
explanatory note, the tape cartridge provides visual aids
for further debugging or updating of test programs.
In addition, the DT0-1 is easy to program. To organize test sequences, the engineer can either acquire the
traces (and test records) in the order they will be used or
reorganize existing records with the DTO-1. Records
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TABLE 2: ADVANTAGES OF DTO-1 IN SYSTEM
TEST APPLICATIONS
Operates
without
built•in
test source

System
Module
level
fault
diagnosticsisolation

In-circuit
emulation
and
signature
analysis

yes

yes

In-circuit
emulators

yes

yes

Signature
analysis

maybe

yes

DT0-1

, Operates on
Component
nom i
c„.
fault
'
isolation
bapsreodcseysssttierm-

yes

yes

no

no

no

no

no

no

yes

yes

no

yes

yes

yes

'

I

TABLE 3: DT0-1 COMPARED WITH IN-CIRCUIT EMULATION
AND BUI LT-IN FUNCTIONAL TESTS
Resources of
system under
test

Resources required for system to be testable
Built-in
functional test

In-circuit emulation
functional test

DT0-1

CRT/keyboard
or other operator
interface

partly yes

no

no

Diagnostic
read-only memory

partly yes

no

no

System
random-access
and read-only
memory

no

no

no

Central processing
unit

yes

no

no

partly yes

no

no

Address and data bus

yes

no

no

Control bus

yes

no

no

System clock

yes

yes

no

System power

yes

yes

no

System
input/output

from different tape cartridges may be assembled onto
one tape, blocks or individual records may be moved, and
records may be erased and changed—all without using
software language.
Since the DT0-1 is virtually self-programming, test
routines that might take days or weeks to write out or
program with software can usually be prepared in hours
or days. Many records not directly involved in test
routines can be supplied to personnel such as field engineers to cover unanticipated problems, simply by transcribing them from acatalog of reference traces.
All these features and capabilities result in substantial
reductions in the costs of documenting designs and
preparing and printing test procedures, as well as
instruction manuals.
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Next-generation development systems
are costing less and doing more
To match the expanding range of microprocessor applications,
anew family of development tools offers
flexible capabilities with a$3,250 bottom price tag
by Paul Rosenfeld,
Ili Capitalizing on the latest advances in semiconductor
technology, a new generation of development systems
helps accomplish the widely varying, detailed design
tasks that arise as microprocessors appear in more and
more applications. The design process for such products
calls for developmental tools that let the designer choose
from a variety of solutions, including the appropriate
software. As well as filling this need, the new generation
of development systems is the next step in the design of
basic hardware that can be upgraded quickly to support
new, more powerful microprocessors.
During the early years of the microprocessor, development systems were almost unknown. Most users struggled to develop their own special hardware and software,
or else they turned to a timesharing service for simulation of their application. The primitive development
systems available were useful only for the simplest, least
complicated tasks.
However, the technology of the development systems
has advanced as rapidly as that of the microprocessor, so

Intel Corp., Santa Clara, Calif.

that today they provide the tools to solve awide range of
intricate design problems. This advance is due in part to
the increased power of microprocessors that are incorporated into the system hardware. It also is due to Intel's
development of ICE, the in-circuit emulator [Electronics,
April 15, 1976, p. 116].
The ICE modules give designers full control over development of a microprocessor-based product, because it
permits complete hardware and software debugging in a
prototype at real-time speed. Thus it is no longer necessary to build special instruments or use timesharing
simulators. Moreover, hardware and software can be
debugged together rather than separately.
While the ICE module added significant debugging
capability to development systems, new software tools
were also needed. Even though most microcomputers are
programmed in assembly language, more engineers are
turning to high-level languages. The advance of resident
compilers in development systems including both PL/M
and now Fortran have further increased the need to use a

1. Flexible developer. The Series Il microprocessor development system makes extensive use of new peripheral control chips for a compact
unit with built-in CRT and floppy-disk drive on two models. There are three models in all, designed to cover awide range of applications.
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microcomputer development system as adesign tool.
Now a new series of development systems, designed
from the ground up to provide the capabilities needed by
the designer, allows all this flexibility in a compact
package (Fig. 1). This Intellec Series II family consists
of three models with arange of capabilities that make it
possible to match the development system to the
particular developmental requirement, eliminating the
need for a separate keyboard and display, a separate
floppy-disk drive, and a controller. What's more, there
are significant price reductions over roughly comparable
models in the original I
ntellec series (see table).

SERIES II VS MDS-800 FAMILY
Hardware

Price

Series II
Series II, Model 210

$ 3,250

MDS-800, plus 16
kilobytes
additional RAM

$ 5,325

input/output
controller

Series II, Model 220

S 7,450

MDS-800, plus 16
kilobytes of RAM,
aCRT,display, and
asingle disk drive

(outside card
cage holding
other boards)

$10,415

Series II, Model 230

boards)
S12,900

MDS-800, plus 48
kilobytes of RAM,
aCRT, and adualdensity disk drive

S13,800

Series II, Model 230

$12,900

MDS-888

$15,000

"

Standard
boards

MDS-800

integrated
processor
board

Optional
boards for
220/230

Total slots
used
Slots
available
for
expansion

CPU
front-panel
monitor
MDS-016
and/or
MDS -032

32 kilobytes
of RAM
disk
controller

32 kilobytes
of RAM
disk
controller

(2 boards)

(2

Three models for many uses
The simplest Series II unit is the model 210, for the
designer who wants to get a small job done fast. Its
assembler and test editor, based in read-only memory,
and 32,000 bytes of random-access memory provide
assembly of source code directly from RAM for small and
medium-sized programs. Its $3,250 price tag is abreakthrough in cost.

1(210/220)
4 (230)
3 (210/220)
2 (230)
as
(with
an more
option)
4

INTEGRATED PROCESSOR BOARD

HOST
PROCESSOR
MODULE:
•8080A-2
•SYSTEM
CLOCK
•SYSTEM
CONTROLLER

ROM:
•MONITOR
•BOOTSTRAP
•DIAGNOSTICS
•OPTIONAL
ASSEMBLER
EDITOR

HOST-PROCESSOR EXTENSIONS

IPB RAM

OPERATIONAL
RAM
•32KILOBYTES

•32KILOBYTES

BUS DATA
BUS ADDRESS
BUS CODE
MULTIBUS
CENTRAL
PRIORITY
RESOLVER

MULTIBUS
CONTROLLER

BUS REQUEST
BUS INTERRUPT
MU LTIBUS
EDGE
CONNECTOR
W

SYSTEM INTERCONTROLLER
8-LEVEL
PRIORITY
INTERRUPT

FRONT
PANEL
INTERRUPT
SYSTEM
FRONT
PANEL

SYSTEM
INTERVAL
TIMER

LOCAL
INTERRUPT

STANDARD
INPUT/
OUTPUT
COMMUNICATION
PORT

W

SERIALCHANNEL
INPUT/
OUTPUT
CONTROL
MODULE

OPTIONAL
DISKCONTROLLER
MODULE

OPTIONAL
IN
MODULE

TIMER
INTERRUPT

LOCAL
INTERRUPT
MODULE

TO INPUT/
OUTPUT
CONTROLLER

TO
PRINTER CHANNEL
RS-232-C CHANNEL

2. Host with the most. The integrated processor board in the Series II has ahost processor module designed around the 8080A-2. It features
aMultibus controller, which routes communications traffic between the master and slave modules throughout the system.
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The second new entry, model 220, is geared toward
those designers working on microprocessor-based
systems that require more powerful development support
capabilities. To the basic series design, it adds a fullsized floppy-disk drive, acathode-ray-tube display, and a
full ASCII keyboard, all in one chassis. It costs $7,450,
almost $3,000 less than an earlier Intellec in the same
configuration.
The third in the series, model 230, adds 32 kilobytes of
RAM and has amillion bytes of on-line disk storage with
ISIS-II diskette-operating-system software. The price
for all this capability is $12,900. To get an earlier
Intellec to this level would cost over $13,000.
All three Series Il models contain acard cage with an
optional expansion module and can support a complete
line of peripherals such as printers, paper-tape readers
and punches, and programmable-Rom programmers. In
addition, the 220 and 230 models can host in-circuit
emulators for avariety of microprocessors.
Incorporated into the series are up-to-date microprocessor and memory chips, plus recently developed, highly
integrated peripheral controller chips that perform logic
functions as well as processing functions. Besides the
8080A-2 central processing unit used in all three models,
the 220 and 230 take advantage of the new 8271 floppydisk controller chip, the 8275 CRT controller chip, and
other 8200-family multifunction input/output components. All three models use the UPI-41, anew universal
peripheral-interface chip to perform general-purpose
parallel peripheral-interface control functions, as well as
to control the keyboard on the 220 and 230.
Like the original Intellec, each Series II model has a
system monitor resident in ROM. In addition, a ROMbased 8080/8085 assembler and text editor is offered
with the model 210. Combined with the capabilities of
the monitor, it enables users to edit and assemble their
assembly-language programs directly from RAM without
the use of paper tape. A ROM editor/assembler from the
MCS48 family is optional.
The other two models use the ISIS-II diskette operating system to supplement the system monitor. Through
the file-manipulation capabilities of ISIS-II, designers
have access to comprehensive disk-based program-development software such as assemblers for avariety of Intel
microprocessors, compilers for both PL/M and Fortran,
and asophisticated relocation and linkage system.
Finally, to keep downtime to aminimum, all Series II
models provide a Rom-resident diagnostic package. It
enables designers to determine whether their Series II
systems are working fully and then to locate trouble
spots within easily replaced functional blocks.

face with the in-circuit emulator and other optional
microcomputer-development modules that may reside in
the card cage. The modules that make up the master
system are interconnected through Intel's Multibus
.concept, which allows expansion in modular fashion.
(See "A ride on the bus" p. 117.)
The host CPU is designed with the MCS-80 microcomputer family. The 8080A-2 microprocessor has the
power for fast and efficient support of the operating
system, several high-level languages, and other microcomputer-related software tasks, as well as interfacing
with the bus. The interface between the central processor
module and the Multibus is the 8218 Multibus master
control chip.
The main memory module accommodates both ROM
and RAM chips. The read-only memory is used for fixed
system programs such as the system monitor, bootstrap,
diagnostics, and in the case of model 210, the editor and
assembler. The RAM is used for programs that need not
remain in memory: system and user programs, including
the ISIS-II, assemblers, and compilers.
The RAM and ROM address spaces partially overlap,
which in effect extends the available main memory
beyond the 64,000 bytes allowed by the 8080 microprocessor. This partial overlap is possible because the
program in the overlapped section of ROM, the system
bootstrap and diagnostics, is never executed concurrently
with RAM programs in the same address space.
All on one board

Using the connecting Multibus configuration, the integrated processor board brings the 8080A-2 CPU and the
memory module together with two serial channels with
both RS-232-C and current-loop provisions, the timer
and interrupt modules, and the communication port to
the slave lio control processor. In addition, it has provisions for plugging in a small piggyback pc board that
houses 20,000 more kilobytes of ROM. The original
Intellec required five boards for the same configuration.
The resident RAM is implemented with 16,384-bit
chips, and the resident ROM also uses 16-k chips. The two
serial channels are provided via two 8251 universal
synchronous/asynchronous receiver/transmitters. An
8253 interval timer generates the serial-channel baudrate signal, as well as the logical real-time clock interrupt. System and front-panel interrupts are controlled
via an 8259 interrupt processor. Interface to the slave vo
is with an 8255 programmable I/O controller.
To facilitate communications with various options that
extend the host processor, the integrated processor board
initiates and controls the bus by means of an edge
connector. This arrangement extends the bus to the pc
Architecture promotes expansion
motherboard and to the rest of the system.
The slave processor is on the I/O controller board and
The various components that make up the Series II
hardware are in two independent microcomputer subsys- comes in two versions. The one used with the 220 and
tems. Each on its own printed-circuit board, these 230 contains controllers both for the integrated CRT and
subsystems communicate with each other and maintain a the floppy-disk drive and for the interface to parallel
peripherals. For the 210, apared-down version contains
master-slave relationship.
The master is called the integrated processor board only the interface controller for parallel peripherals.
(Fig. 2), and essentially it is acomplete microcomputer Both are shown in Fig. 3, where the pared-down version
system. In addition to the usual management and control is within the color tint.
Appearing in both versions is the new UPI-41, the
functions of a master subsystem, it serves as the inter-
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3. To the outside world. The input/output controller board is the link between the integrated processor board and various I/O units. In the
model 210, a UPI-41 I/O processor controls external units (shaded area). The 220 and 230 have control chips for the CRT and disk drive.

single-chip peripheral controller containing an on-chip
1,024-bit ROM, 64 bytes of RAM, and the necessary uo
ports to perform all control and data-transfer functions
that are required between the peripherals and the host
computer. The 220/230 version, on the other hand, adds
its own 8080A-2 processor to set up and direct the
concurrent operation of the floppy disk and the CRT
display.
The keyboard has its own independent single-chip
computer, another UPI-41. It performs all necessary
keyboard tasks including creating key codes, controlling
key rollover and multiple-key depression, and transmitting key codes to this board's 8080A-2 via an 8255 uo
port. The uo controller board contains 8,000 bytes of
built-in RAM, which functions both as the data-transfer
buffer between the host processor and the peripherals
that are part of the package and as temporary storage
for the slave processor.
Data transfer between the CRT and the disk drive and
the host processor takes place in two steps. First, there is
transfer of data between the host memory and the slave
RAM. This transfer takes place on a byte-at-a-time basis
under the direct program control of the processors in
both the host and the slave. Next comes data transfer
between the slave memory and the target peripheral.
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This transfer takes place under direct-memory-access
control, using an 8257 DMA controller.
The data-transfer operation to the external parallel
peripherals, such as a printer or PROM programmer,
takes place through the UPI-41 single-chip peripheral
controller. For the packaged peripherals—the CRT, the
floppy-disk controller, and the DMA controller—the
programs reside in 8 kilobytes of ROM on the uo
controller board. They are responsible for setup, direction, and allocation of slave-processor resources, including the various controllers and the memory space. Also,
they are responsible for controlling data transfer to and
from the host processor. The host-slave transfers are
initiated upon request from the host and take place over
an 8-bit bidirectional data link between the host and the
slave, using a standard protocol that was developed for
communication between the 8080 and the UPI-41.
Packaging together the most commonly used elements
in amicroprocessor development system (the two boards,
the floppy disk, and the CRT console) has saved the cost
of separate power supplies and separate enclosures, thus
reducing overall system cost. In addition, the unit takes
up less space on the user's work bench.
Based on studies of the usual configurations of
systems under development, six card slots are included in
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A ride on the bus
The Multibus configuration is aclocked asynchronous bus
allowing multiple independent and concurrently operating
processor modules to communicate with each other and
to share access to common system resources efficiently
and economically. Modules connected with the Multibus
scheme are distinguished as either masters or slaves, with
the former being able to gain control of the bus and
initiate data-transfer operations by requesting a bus cycle
from the bus control logic, when one is required.
Bus requests are assigned priorities so that access is
granted to the module with the highest priority when two
or more simultaneously request access to the bus. The
module granted the bus access will maintain control until
its transfer cycle is complete.
For example, when the central-processor module
obtains a bus access to fetch an instruction byte from

all models. The 210 and 220 use only one slot while the
230 uses four slots. The extra slots should satisfy the
needs for most development systems; however, four extra
card slots can be added to all models by attaching an
expansion chassis. The I/0 controller board does not take
up aslot. It is mounted flush against the back panel to
eliminate extra wiring in the chassis.
Matching software to needs
Microcomputer applications span the range from
simple controller designs to large multiprocessor designs
with hundreds of thousands of bytes of program code.
Clearly, microprocessor development software must also
span arange of capabilities to match these varied applications. In the case of the Intellec Series II, software is
available on several levels consistent with the hardwa re
capabilities of each model.
Two distinct, yet compatible, operating systems are
available, as mentioned: a Rom-based system monitor
and the ISIS-II diskette operating system. The system
monitor provides basic supervisory functions for all
Series II systems. These functions include the user interface for systems based on the 210, a rudimentary
program debug and checkout facility for 8080 programs,
and ageneralized 1/0 system accessible to the designer's
program. The 210 uses the monitor as its sole operating
system. ISIS-II, which provides aset of file management
services to augment the supervisory functions of the
monitor, is on afloppy disk with the 220 and 230.
The ISIS-II command language is easy to use and
does not force upon the design engineer the types of
artificial abstractions present all too often in other
command languages. Nonetheless, a simple-to-use
command language does not imply a limited operating
system. ISIS-II supports a wide selection of system
configurations, from the simplest 220 to a 230 system
with six floppy-disk drives for atotal of 2.5 million bytes
of on-line storage, plus a high-speed line printer and
various kinds of input devices.
An important feature of the Series II is the availability of higher-level languages and macro-assemblers
for coding program reliably. On the high end of the
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memory, it maintains control of the bus through the
transfer of address to the memory and receipt of the
instructions back from the memory. Therefore, the bustransfer cycle time and the bus throughput are a function
of the type of transfer and the response time of the
addressed module to the requested operation. In this
case, the memory access time determines the length of
the transfer cycle.
A significant gain in performance comes from the
Multibus setup's ability to transfer control from one master
to the next in parallel with the on-going data transfer
operation. This feature eliminates costly overhead time.
The bus is accessible to the various modules within the
Series Il system via aprinted-circuit motherboard that has
provisions for plugging in various standard as well as
optional modules.

spectrum are both PL/M, invented by Intel in 1973, and
a new resident Fortran compiler. The PL/M compiler,
available for the 230, generates code for both the 8080
and the 8085 microprocessors.
Since many engineers have some familiarity with
Fortran, anew compiler for the Intellec systems supports
alanguage compatible with the 1977 ANSI Fortran specification. Therefore, it offers designers the ability to
connect software from one hardware system to other
computer systems. The introduction of Fortran 77 in a
development system opens new avenues for creativity in
product development. This compiler is designed to run
on model 230 under the ISIS-II operating system.
The advantages of sophisticated programming languages become apparent when developing software by
building up modules. It may be advantageous both for
speed of the development process and for reliability and
ease of maintenance of the final product to produce
modular software. Yet, for many applications, it is not
feasible or wise to use a single programming language
when developing the software. A powerful feature of
ISIS-II is the ability to link programs written in PL/M,
Fortran, and assembly language easily without any
direct user knowledge of the interface.
A sophisticated relocation and linkage package
included with the ISIS II operating system allows the
software developer to write 8080 or 8085 programs in
small modules, each module being in any Intel programming language, and then automatically link the modules
together. The final module may then be located any
place in system memory, taking into account the location
of ROM and RAM. Also, alibrary management program
in ISIS-II allows the user to store frequently used
routines where they may be easily linked to any referencing program.
In short, the user can choose from a variety of
software development tools to build the system that best
suits specific needs, yet be assured that in the end
software requirements will be met. Moreover, the
elements are in place for continually upgrading of development system hardware and software to keep pace with
advances in microprocessors.
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Designer's casebook
lator has excellent frequency stability as a result of the
operational amplifier's extremely high input impedance
and the complementary-metal-oxide-semiconductor output circuit.
A I drives the 4516 4-bit counter, A 2.As the counter
increments, it scans each input port of two analog multiplexers, A3 and A 4. A 3 sequentially places all resistors,
RI through Rg, in the oscillator circuit, enabling A I to
generate exactly one cycle of each frequency determined
by each RC combination. At no time is there any output
from G,, however.
Meanwhile, multiplexer A 4 is scanned to determine
whether any keyboard switches are closed. If any switch
should be depressed, alogic 1will emanate from pin 3of
A 4, freezing the counter and enabling G I.A I will then
oscillate at the frequency determined by the particular
value of R that is in the oscillator circuit when the
counter halts. Since the counter cannot advance while
the key switch is closed, and simultaneously closing any

Scanned keyboard activates
eight-tone generator
by Albert Helfrick
Aircraft Radio and Control Division of Cessna Aircraft Co., Boonton, N. J.

This keyboard-activated eight-tone generator owes its
simplicity to asingle oscillator, which makes possible the
scanning of the keyboard and simultaneously functions
as the tone generator. As aresult, its device count is low
and its cost is minimal.
Circuit operation is easily understood. The CA3130
operational amplifier, A I,is configured as a relaxation
oscillator, its frequency controlled by RC. R, lies in the
100-to-500-kilohm range, and C is 0.01 microfarad or so
for frequencies in the 1-to-10-kilohertz range. The oscil-
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Scanned tones. Self-gating oscillator, Al,advances counter and with aid of multiplexer
control frequency.

Op

A3

sequentially places

R, -R8

in series with C so as to

amp's high-input impedance and C-MOS output ensures high oscillator stability. No signal appears at output until a

keyboard switch is closed, when A4 freezes counter and activates G I, enabling generation of the single desired frequency.
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other key will have no effect on the output frequency, the
circuit has in effect abuilt-in lock-out feature.
The time required for the system to latch to any
particular frequency is a function of both the number of
frequencies that can be selected and the actual frequencies of oscillation. The maximum acquisition time works
out to approximately:

t

where
cies in
which
stroke

I +I +

f2

"

each f, is equal to 1/0.69 R,C. For eight frequenthe kilohertz range, tequals about 8milliseconds,
is an acceptable period of time for manual keyapplications.

and implement, the general method used in synthesizing
these combinational-logic circuits is useful for achieving
practical high-order frequency multiplication of up to
eight times.
Since frequency-doubler circuits are relatively simple
and
well-known configurations exist, the logic technique
by R. J. Patel
is shown in Fig. 1for a frequency tripler. For the logic
Tata Institute of Fundamental Research, Bombay, India
circuit to perform tripling, the waveform at Z must
traverse three full cycles, or six half-cycles (represented
Relying on atechnique that uses digital logic rather than
by states 101010), during the time of one input cycle
high-speed system clocks or nonlinear generators to (represented by 111000) at V. Thus the circuit must
perform frequency multiplication, these circuits derive a detect six different logic states, and so a minimum of
square wave with an output frequency of up to four times three input variables, V, W, and X, is required.
that of the input signal. Extremely easy to understand
Note, however, that the input signal at port V is the

Frequency multiplier
uses combinational logic

FREQUENCY TRIPLER
STATE 1

V11

X

1

V
1

1

1

1

Z
1

2

1

0

1

0

3

1

0

0

1

4

0

1

1

0

5

0

0

1

1

6

0

0

0

0

OUT = VI1N+X) + VWX

FREQUENCY-TO-VOLTAGE
CONVERTER

TRANSCONDUCTANCE
AMPLIFIER
VOLTAGE-TO-CURRENT
CONVERTER

TO COMPARATORS

IN
(b)

1. Multiply by 3. Digital frequency multiplier is an alternative to multipliers using high-speed clocks and nonlinear generators. States W and X
are derived from V, although transformation cannot be done digitally (a). Ramp and comparators can generate the required digital voltages
from V, however (b). Use of linear ramp allows easy determination of the threshold levels that must be detected to switch logic elements.
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PROGRAMMABILITY!

Exclusive with SABRE X
IRIG tape recorder/reproducer
What puts SABRE X !RIG Tape
Recorder/Reproducer above
and beyond all others?
... Programmability.
With SABRE X you get keyboard-programmable (and re-programmable)
microprocessor control of tape
speeds, operating modes, end-oftape, shuttle and search functions,
even monitor/alarm and other
diagnostic testing functions. It lets
you set up your entire protocol in a
fraction of the time needed for manual
controls. A standard peripheral keyboard
is all that's required. The SABRE X is
also programmable from acomplete computer system with peripherals such as
mag tape, disc, etc.... astandard feature
no other IRIG tape recorder/reproducer
provides. And that's just the start.

Another SABRE X exclusive is atape
transport with ten speeds electrically
switchable from 240 through 15/32
ips for both record and reproduce,
High Density Digital (HDR) Direct,
or FM. As the only 4.0 MHz/track
direct record and reproduce system
available, SABRE X offers the most
extended frequency range ... plus the
industry's longest record time of
88.8 hours per tape reel... plus the
engineering capable of housing a
full system's 32 record and reproduce channels in asingle cabinet.
We could go on ... but you get the
idea: SABRE X is the state-of-theart. For more information, call or
write: Sangamo Weston, Inc.,
Sangamo Data Recorder
Division, P.O. Box 3041,
Sarasota, FL 33578
TEL: (813) 371-0811

r

SANGAMO WESTON

Schlumberger

Circle 121 on reader service card
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X

Y

1.11111:11111111
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c

2. Two, throe, four.... Frequency doubler (a), tripler (b), and quadrupler (c) are easily synthesized with combinational logic and
comparators. Technique can be extended to multiply by up to eight circuits. Number of comparators in multiply-by-N counter is N— 1;
threshold value V, has value of ME/ N if ramp is linear, where M is the comparator number and Eis the supply voltage.

only waveform available, and therefore signals W and X,
whose logic states for aparticular V are not yet known,
must be derived from V itself. The particular values of
W and X may be assigned to the truth table once it is
realized that the duty cycles of the three input variables
are different and that the logic states of the dependent
variables, W and X, must change at a faster rate than
the independent variable, V. Once the logic states are
assigned, the Boolean equation may be determined and
the circuit synthesized with simple logic gates. Although
several combinations of W and X may be assigned to a
given V, the end result should be virtually the same in
the Boolean expression. However, it is important to
assign the logic 1states to W and X before the 0states
are assigned to them, for reasons that will shortly
become obvious.
Variables W and X not only change with the state of
V, but also vary with time when V is constant, as shown.
Therefore, W and X cannot be derived directly from V
in the digital domain. However, a negative-going ramp
voltage whose sweep rate is equal to twice the input
frequency can, with the aid of operational-amplifier
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threshold detectors, synthesize the digital signals
required at W and X for the doubler (a), tripler and
quadrupler, as shown in Fig. 2. The timing diagram
details the circuit operation, obviating the need for a
description of each logic circuit.
There are several well-known ways to generate the
negative ramp voltage required, many of them
constructed with multivibrators and op amps. The block
diagram of such aramp generator is shown in the lower
portion of Fig. I. Use of alinear ramp of the type shown
allows easy determination of the threshold levels that
must be detected in order to switch the logic elements at
the proper times.
Generally, the number of comparators in acircuit will
be equal to N — 1, where N is the multiplication factor,
whose maximum practical value is 8. The threshold
voltages will be equally spaced if alinear ramp is used,
each voltage being equal to ME/N, where M is the
comparator number and E is the supply voltage.
El
Designer's casebook is a regular feature in Bectronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly
the circuit's operating principle and purpose. Well pay $50 for each item published.
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Introducing the Motorola baud rate generator.

Twice the component
in half the space.
Now you can get adualprogrammable baud rate generator with aself-contained quartz
crystal in hybrid form. All
wrapped in a.2" high DIP
package which takes up just half
the board space of conventional
generators.

It's the Motorola K1135A.
Our baud rate generator
eliminates the need for separate
crystals and chips. It cuts out
starting problems. You don't
have to cope with spurious
oscillations that mean expensive
"end of the line" rework. And
the self-contained packaging

means easy control over
inventory.
For price list, rep list and data
sheet, call Barney Ill at (312)
451-1000. Or write Motorola,
Component Products Department, 2553 N. Edgington,
Franklin Park, Illinois 60131.

IIIIOTOROLA INC.

Component Products

10135A
DUAL BAUD RATE
GENERATOR
MOTOROLA

Circle 122 on reader service card

Communications chip interfaces
with most microprocessors
ACE, acompletely bidirectional asynchronous line-control element,
also has apriority interrupt scheme and on-chip baud-rate generator
by Sam Travis,

National Semiconductor Corp., Santa Clara, Calif.

Data communications owes some of its rapid growth
to the microprocessor, which makes it relatively simple
and inexpensive to build equipment like front-end
processors, data multiplexers, and intelligent terminals.
But the designer of these and similar systems still lacks a
single, standard means of supplying the microprocessor
with both an interface to the communications device and
the equivalent of the line-control unit found in larger
computer systems.
For line control, the engineer often must resort to a
universal asynchronous receiver/transmitter, adding a
board full of transistor-transistor-logic and other circuits
for interface with the communications device (Fig. la).
With luck, alarge-scale integrated circuit that performs
as an asynchronous communications interface may
instead be available for the particular microprocessor
being used.
But what is needed is astandard interface chip, versa-

RESISTOR
PULL-UPS

BAUD RATE

tile enough to link most of the popular microprocessors
to most modems and therefore capable of being
produced in volume at relatively low cost. The asynchronous communications element (Fig. lb) aims to be such
adevice for processors like the 8080, SC/MP, PACE, 6800,
2900, and Z80.
The ACE is an n-channel chip in a 40-pin dual in-line
package. As afully bidirectional communications device
that handles all the timing and protocol requirements of
asynchronous data communications, it further simplifies
the design task by incorporating a user-programmable
baud-rate generator on chip, and it enhances system
performance with an efficient priority-interrupt scheme
that also is user-programmable. Its chip-select logic and
latch can be used very easily with multiplexed bus lines,
and two of its modem control outputs are user-defined.
As added evidence of its flexibility, the ACE can interface to a modem via the RS-232-C connector or a 20-

BAUD-RATE
GENERATOR
BAUDRATE
PROM
SELECT

RESISTOR
PULL-UPS

PARITY SELECT

PRIORITY
ENCODER

ADDRESS BUS
READ/
WRITE
SELECT
I/O READ, I/O WRITE

1. Simpler interlace.

UART
UNIVERSAL ASYNCHRONOUS
RECEIVER/TRANSMITTER

Ii

TO
INTERFACE
(CURRENT
LOOP OR
RS-232-C)

TO
INTERFACE
(CURRENT
LOOP OR
RS -232-C)

lb)

The single asynchronous communications element (ACE) shown in (b) performs all the functions that previously would

have required the devices in the circuit in (a): a universal asynchronous receiver/transmitter plus baud-rate generator, baud-rate select,
priority encoder, read/write select and pull-up resistor networks. Also, the ACE interfaces with any of today's popular microprocessors.
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2. All in the chip. Block diagram of ACE details all the functions and interfacing that exists on-chip needed to perform the timing and control
functions required for bidirectional data communications. The chip is housed in a 40-pin dual in-line package.
milliampere current loop, or it can bypass the modem
completely and

interface directly

to a data

terminal.

The microprocessor controls the ACE, and through the
microprocessor the system programmer can control any

Linked to just one microprocessor, an ACE can form a

register on the ACE. To access the device, the micropro-

stand-alone

interrupt

cessor can use up to three chip-select inputs, CS0, CS1,

polling, two or more ACE packages can be linked to the

and CS2. Then to access the internal registers in the ACE,

same microprocessor.

it uses the three least significant bits of its address word

peripheral.

Alternatively,

using

tied to the ACE'S Ao,

The link with the microprocessor
Each
through

ACE

communicates

eight

bidirectional

with
data

AI,and

A2

lines (see Table 1). The

master reset, as usual, initializes the device by clearing
its

lines

microprocessor
and

up

to

18

control lines and with the transmission line and modem

all registers. Data and control information pass back and
forth

between

the

processor

and

ACE

over

the

8-bit

bidirectional data bus.

through five input and up to five output lines, two for

Worth noting is the availability of both the true and

serial data and up to eight for modem control (Fig. 2).

complement versions of the data input strobe (Dim)

Internally,

and data output strobe (bosTR), both referenced to the

the

data

bus

buffer

and

the

timing

and

control logic that manipulate the microprocessor inputs

microprocessor's

and outputs communicate over an 8-bit bus with: the

option enables ACE to interface directly with more micro-

input

and

output

conventions.

The

receiver and transmitter buffer registers; the line and

processors. DISTR or DISTR is used to transfer data from

modem status and control registers; the interrupt enable

the ACE to the microprocessor during the input cycle; it is

and identification registers; and the divisor latch that

the equivalent of the 8080's WOR signal, SC/MP'S WRDS,

serves the baud-rate generator. As in a UART, received

and

and transmitted data are double-buffered. But unlike in

transfer data from the microprocessor to the ACE during

a UART, the timing input to their control logic comes

the write cycle.

wholly or in part through the on-chip baud-rate genera-

PACE'S

For

IDS.

Conversely,

synchronizing

its

DOSTR

internal

or

DOSTR

operation,

helps

the

ACE

tor. The priority interrupt system is also an advance on

offers the designer a choice of two clocks, either an on-

the

chip

bit-scanning

schemes

preferred

communications interface chips.
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by

some

other

clock

controlled

by

an

external

crystal

or

an

external clock generator. Either clock is used to refer-
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The trend to communications controller chips
Many semiconductor firms are viewing the rapidly
expanding field of data communications with increasing
interest. Although afew dedicated chips have been available, they provided only limited functions, and several
were needed in most data-communications and distributed-processing applications. The trend now is towards
packing all the needed functions on a single large-scale
integrated circuit. And these LSI chips actually contain
more circuits and functions than the microprocessors that
they are designed to work with.
Indicative of this trend is National Semiconductor's new
asynchronous communications element (ACE), described
in this article, and Signetics' 2651 programmable communications interface (PCI) and 2652 multiprotocol communications controller (MPCC), both of which National is
second-sourcing. These parts are powerful communications chips, containing a baud-rate generator, self-test

ence the time base for the on-chip baud-rate generator,
which users should remember will produce a signal
(BAUDOUT) that is 16 times the actual baud rate. To
represent a 16-bit modulus of divisor for the baud-rate
generator, two 8-bit bytes are loaded into its divisor
latches. The formula for the divisor is:
Input frequency/(16 Xbaud rate)
An input frequency should be chosen such that the
amount of error is minimal. Usually 1% is acceptable,
and this is easily accomplished with an inexpensive
3.5795-megahertz crystal of the kind commonly used in
U. S. color television sets. But a 1.8432-MHz crystal (the
standard 8080 frequency divided by 10) results
in superior accuracy over awider range of frequencies.
Note that akey advantage of the ACE baud-rate generator is that it can accept any input frequency from 960
kilohertz to 3.1 megahertz and reproduce any baud rate
at or below 1,200 baud within a1% error.
The transmitter clock is connected to BAUDOUT internally, and both it and the baud rate for the transmission
of data will always be 1/16 the rate of BAUDOUT. The
receiver clock input (Rct.K) can also be tied to BAUDOUT
if the receiver and transmitter are to have the same baud
rate; otherwise it must have aseparate clock signal that
is precisely 16 times the desired receiver baud rate.

modes for local and remote loop-feedback tests, asynchronous and synchronous byte-oriented protocols in
both receive and transmit modes, and special processing
to support the IBM data-link control and other protocols.
In addition, Zilog offers its Z80-SIO serial interface chip,
which is similar to the 2652 MPCC. It lacks an on-chip
baud-rate generator, but has two channels in both the
receive and transmit directions. Also, Western Digital,
Standard Microsystems, Intel, and General Instrument
have fairly complex, universally asynchronous and
synchronous receiver/transmitter chips, while Motorola
makes three programmable asynchronous data-communications adapters (ACIAs), which handle most of the
commonly used serial asynchronous protocols.
All this is just the tip of the iceberg, more of which
should become visible this year as makers add to the
growing list of dedicated LSI chips.
Richard Gundlach

TABLE 1: ADDRESSING THE REGISTERS
Divisor
latch
bit

o
o

Address lines
A2

o
o
o
o

Al

o
o

o
o

o
o

o
o

Register addressed

AO

o

Receiver buffer (read), transmit buffer (write)
Interrupt enable

o

Interrupt identification (read only)

o

Modem control

o

Modem status

Line control
Line status

o

None
Divisor latch (least significant byte)
Divisor latch (most significant byte)

mitter holding register for transfer to the transmitter
shift register, which shifts each character out of the ACE
over the serial output (sour) at the pace set by the onchip baud generator. The transfer of the data from the
holding to the shift register takes place either immediately if the shift register is empty or else as soon as it
becomes empty. At the time of the transfer, the line
status register sets its transmitter-holding-register-empty
signal high, which in turn prompts an interrupt to the
processor. The processor then refrains from loading the
holding register until the register-empty signal goes low.
The serial input is a high-impedance, rrucompatible
On-chip line control
line. It can receive data directly from an EIA RS-232-C
In time with the receiver clock, serial data from the
terminal interface through TTL quad-line receivers such
peripheral enters the ACE through the serial input (sIN).
as the LM1489, which translate EIA voltage levels to Tn.
There it is grouped by the receiver shift register into an
levels. Conversely, the serial output drives quad-line
8-bit word for transfer to the receiver buffer register as
receivers such as the LM1488, which convert Trt. signals
directed by the line control register. At the time of the
to EIA levels.
transfer, the line status register sets its data-ready status
The 8-bit line control register enables the designer to
bit high, causing the interrupt enable register to send a specify the format of the start/stop data exchange. The
data-received interrupt to the microprocessor. If the
programmer may also retrieve this register to inspect its
microprocessor fails to pick up the character before the contents—a feature that simplifies programming and
next incoming character is completed, the line status eliminates the need for separate storage of the line
register produces an overrun error flag, which again
characters in memory.
produces an interrupt.
Of the line control register's 8 bits, the first two
After processing, the parallel data enters the trans- specify the number of bits in each serial character; the
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TABLE 2: INTERRUPT CONTROL FUNCTIONS
Interrupt identification
register
Data
0

Data
1

Data
2

1

0

0

0

1

1

Interrupt set and reset functions

Priority
level
Interrupt source
—
highest

Interrupt flag

none

none

receiver line error

overrun, parity, framing,

Interrupt reset control

read line status register

or break interrupt
0

0

1

second

receiver data
available

receiver data available

read receiver buffer

0

1

0

third

transmitter holding
register empty

transmitter holding
register empty

read interrupt identification
register or write into transmitter
holding register

0

0

0

fourth

modem status

clear to send, data set ready,
ring indicator, or received

read modem status
register

line signal detect

word lengths may be 5, 6, 7 or 8 bits. The third bit
specifies the number of stop bits to be sent (in the case of
a5-bit word, 11
2 stop bits are sent by setting the bit high,
/
as if for 2stop bits).
The register's fourth, fifth, and sixth bits handle
parity. The fourth bit when set inserts a parity bit
between the last data bit in atransmitted character and
the stop bit or bits; it also means that incoming, receiver
words should have a similar parity bit. In conjunction
with the fifth bit, the even parity select bit, it describes
whether the data bits plus the parity bit in a given
character add up to an odd or even number of Is. In
conjunction with the sixth bit, the stick parity bit, it
enables the receiver to continuously transmit and receive
aparity bit in the same logic state regardless of the data
bits. In this mode, the parity and stick parity bits are set
high and the even parity bit is held low.
The seventh bit in the line control register is the set
break point control. When set high, it forces the serial
output (sour) into the spacing state, so that only Os are
transmitted, regardless of other transmitter activity,
until the set break control is set low again. This feature
enables the microprocessor to bring the terminal it
controls to the attention of the central computer in a
communications system.
The line control register's eighth and most significant
bit is the divisor latch bit. It must be set high to access
the divisor latches of the baud-rate generator during a
read or write operation. It must be set low to access the
receiver buffer, the transmitter holding register, or the
interrupt enable register.
Detecting errors
The line status register provides status information to
the microprocessor to verify that data transfer is taking
place. Error conditions that produce a receiver error
interrupt are specified by the second through fifth bits of
the register, after the word has been received.
The register's first bit is the data ready indicator. It is
set high whenever acomplete incoming word is received
and transferred into the receiver buffer register. It may
be cleared either by the processor reading the data in the
buffer register or by the programmer writing a0into it.
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An overrun error is specified by the line status register's second bit. It indicates that data in the receiver
buffer was not picked up by the processor before the next
character was transferred into the receiver buffer register, thus destroying the previous character. The overrunerror indicator is reset by reading the line status register.
The third bit specifies a parity error, indicating that
the received data word does not have the correct even or
odd parity as selected by the even parity select bit. It is
set to a 1upon detection of aparity error and is reset by
reading the line status register.
When the received character does not have a valid
stop bit, the framing error indicator, the fourth bit, is set.
Whenever the received data input is held in the spacing
state, all Os, for aperiod of time exceeding that required
for afull word transmission (total time of start bit, data
bits, and parity and stop bits), the fifth bit of the line
status register is set, indicating that a break-interrupt
condition exists.
Peripheral control
The operation of amodem (data set) or other peripheral device is controlled by the microprocessor operating
through the ACE modem control register, while its
modem status register reports the current state of the
control lines from the modem to the microprocessor.
The ACE has eight built-in modem control functions.
The four input control functions are clear to send (cTs),
data set ready (M), ring indicator OTO, and receivedline signal indicator (7RS15). The status of these lines is
stored in the fifth through eighth bits, respectively, of
the modem status register. The register's other four bits
provide change information, being all set to 1if acontrol
input from the modem changes state and being reset to 0
whenever the register is read.
The four output control functions are data terminal
ready (D
—U), request to send (WI), and two user-defined
outputs (our, and OTT,), which are under control of the
first four bits of the modem control register. Each output
is driven to a low ro, level when its bit is set and to a
high rrt level when its bit is low. Also, for direct
interface to RS-232-C communication, each can drive an
EIA line driver, such as the LM1488 or the DS I
488,
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3. Bidirectional communicator. In this configuration ACE performs a parallel-to-serial conversion of the data received from the
microprocessor system via the controller to the RS-232-C interface. A serial-to-parallel conversion occurs in the reverse direction.

which inverts the data from the ACE to produce apositive
voltage output when any of the output lines is arrL O.
The extra outputs (0-ITT, and btrr,) are used as special
modem controls. They can function as loopback modes
for link diagnostics, or provide additional control signals
for modems that require them, or provide extra control
lines when the ACE interfaces directly to data terminal
equipment, thus bypassing the modems and telephone
network. In the loop-back mode application, the four
ACE modem control logic outputs are internally
connected to the four input lines. These lines drive the
lines of the data terminal equipment, and the ACE inputs
are connected to the FM and it-•g outputs of the data
terminal equipment.
The fifth bit of the modem control register provides
the loopback feature for diagnostic testing of the
communications link. It enables the processor to verify
the transmitter- and receiver-data paths to the ACE, as
well as the modem signal paths.
The interrupt system
The interrupt system provided by the ACE allows for
flexibility in interfacing to all popular microprocessors
on the market today. Moreover, during data-character
transfer the ACE grades interrupts into four levels of
priority, so that the programmer need not include
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instructions to this effect or provide extra memory for
storage of these instructions.
Information indicating that an interrupt of a given
priority is pending and the identification of that interrupt is stored in the interrupt identification register.
(Table 2 shows how the interrupts are set and how the
reset functions work.) When addressed at chip select
time, the IIR freezes the highest-priority interrupt pending. No others will be recognized until service of that
interrupt is complete, with the exception of the transmitter-holding-register-empty interrupt, which is reset
immediately upon the reading of the interrupt identification register.
The register's advantage is that its contents can be
used as apointer to the appropriate service routine. This
results in amuch more efficient interrupt response than
is possible with the bit-scanning techniques that are used
in many systems.
Enabling or disabling each of the four interrupt levels
independently is accomplished via the 4least significant
bits of the interrupt enabling register. On-chip masterslave flip-flops store all interrupts, not only guaranteeing
that signals are valid at the time that they are read, but
in addition ensuring that interrupts occurring after the
last recognized interrupt are remembered.
In applications where more than one ACE is used,
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4. Single microprocessor setup. Here the ACE functions as a
stand-alone peripheral. The microprocessor performs all the control
functions with the aid of achip-select integrated circuit; the ACE
does the chores that normally require several peripheral chips.

interrupt polling can be applied effectively in either a
polled or ahardware-priority environment. In asoftware
polling system the microprocessor reads the interrupt
identification register of each ACE in some predetermined sequence. If an interrupt is pending, the first bit is
0and the contents can be used to gain direct entry to the
appropriate interrupt routine. If, however, it is a 1, then
no interrupt is pending.
This interrupt polling method is well suited for use by
a number of microprocessors, including devices like
SC/MP, 8080, PACE, and the 6800. On the other hand,
microprocessors with hardware priority networks, such
as PACE, may ignore the interrupt identification register's first bit and vector directly into the appropriate
service routine, using the register's contents to modify a
pointer to alist of addresses.
With the exception of the transmitter-holding-register-empty interrupt, all interrupts will be reset when they
are serviced by the microprocessor. The highest-order
interrupt will be serviced first, and then, if no other
interrupt conditions are present, the original running
mode can be restored.
Some applications
Figure 3shows how to use the ACE in asystem based
on the 8080A microprocessor but typical for most microprocessors. When transferring information from the
microprocessor to the RS-232-C interface, the ACE
performs aparallel-to-serial conversion and conversely a
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serial-to-parallel conversion when transferring information from the connector to the microprocessor.
The ACE is controlled by the microprocessor. Its three
address lines are tied to the 8080A's first three address
lines and function as the ACE'S address select. Its three
chip-select lines are attached to the 8080A's address
lines A5, A6, and A7. The microprocessor's data lines are
tied to the system controller (DP8228/DP8238), and the
buffered outputs of the controller in turn drive the
bidirectional data lines of the ACE. These lines provide
the needed information for ACE to function according to
the user's needs. The 17
output of the controller is tied
to the US—rR line of the ACE to provide a read signal.
When the controller receives a read signal from the
microprocessor, it generates a read signal to the ACE,
which thereupon dumps the information from the
specific registers that have been selected by the address
select onto the data lines.
The converse happens when the microprocessor sends
awrite signal to the controller. Again, the ACE receives
information from the controller on the data lines and
loads it into the receiver registers. DISTR and DOSTR are
then tied low, so that they are disabled, and the address
strobe (WM) is tied low because Ao, AI, and A2 are stable
during the address select time. A system clock signal at a
TrL level is provided to the XTAL 1input of the ACE via
the clock generator and driver chip (DP8224). (An
alternate clock signal may be provided by an alternate
crystal control circuit.) The EAuDour is tied to the RCLK
pin so that the receiver will run at 1
/
1
6times the rate of
BAUDOUT, but the RCLK pin may be run at a different
baud rate if the user so desires.
The master reset (MR) of the ACE is tied to the reset of
the clock driver chip. When a1is received on this line, it
clears all the registers except the receiver buffer, transmitter holding register, and division latches. The interrupt (INTRPT) pin is floating so that the user may access
the interrupt flags. Also, the chip select out (csour) is
left floating so that the microprocessor may select the
chip on CS o,CS 1,and CS 2,while the driver disable
(Dims) is floating so that the microprocessor can access
the internal transmitter of the ACE.
The communication outputs to the modem or data set
are tied to aquad-line driver (DS1488), which ties to a
RS-232-C connector. These outputs are 151R, irrg and
serial output SOUT.
The communication inputs of ACE are tied to the
RS-232-C connector by means of a quad line receiver
(DS1489). These inputs are —
RISr), DSR, CTS, and SIN.
The ring indicator is not used in this application and is
tied to +5 volts to prevent an interrupt from being
generated. If a special function is required auxiliary
outputs DIM and WI% are used.
Figure 4 shows ACE interfacing with a single microprocessor where it functions as astand-alone peripheral.
The SC/MP ii does all the controlling itself along with a
chip select, and the ACE performs all the functions that
normally would be done by other peripheral chips. If,
however, more than two ACES are required, a highcapacity bus interface, such as aDM8833 or equivalent,
is needed to prevent capacitive loading of the microprocessor in either transmit or receive directions.
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CCR TECHNOLOGY IS MOVING
INTO THE MINI-COMPUTER MARKET.
We are now shipping our
6250 bpi STC 1900 high density
magnetic tape subsystem to
OEM mini-computer customers.
The STC 1900 is a 19-inch rack
mountable, low-cost tape subsystem that includes 1600 bpi
as astandard feature.
This means that for the first time,
mini-computers can offer the high
performance features of much
larger computers.
tit
For the first time, you
can offer 6250 bpi
read-write capability
with GCR format.

Now your customers can
benefit from
• Increased throughput
• Almost four times the recording
density of 1600 bpi
• Improved error correction
(simultaneous two-track)
• Library interchangeability with
other systems operating at 6250
or 1600 bpi densities
• 100 megabyte disk dumps to
one tape reel
If improved system performance
is important to you, the next move
is yours. Call Frank Gunn toll free
at 800-525-2940 or send coupon.

7-3877

ME,

STORAGE TECHNOLOGY
CORPORATION
P.O. Box 6, Louisville, Colorado 80027

Please send me complete information about
the new 1900 subsystem.
Name
Address
City
State

Zip

ME SHIPPING DEPT.
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Circle 129 on reader service card
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STIE

PASTIE POWER!
The quick and easy way to
design your own custom
NMOS Digital IC's.
Officially, they're called adhesive transparent overlays but at
Interdesign we've dubbed them
pasties. You use them to transfer
functions from your logic diagram
to our 200X IC layout sheet. A
variety of pasties are available
including NOR, NAND, AND-NOR,
RS and JK flip-flops and dynamic
shift registers to mention afew.
Just paste them down and interconnect them and you're on your

way to acustom IC.
The MDA Monochip is alogic
array consisting of 224 logic cells
and 38 I/O's. Compatible with
TTL or CMOS, the MDA can replace about 30 MSI devices and
operate at 2MHz over the temperature range from -55 to 125°C.
That means you can achieve high
performance and reliability while
realizing significant space, weight,
and cost reductions.
Start your MDA today! Simply
order our MOK design kit, aMDA
layout sheet, and aset of pasties.

The whole package costs only
$59. Then, after you've completed
your layout, send it to Interdesign.
In four weeks, we'll produce tooling
and 20 tested prototype devices
for amodest $2800. Full production can follow six weeks later.
Fast turnaround, modest investment, high performance, low
production costs-that's the MDA.
Start modernizing your design by
writing or calling us today at
Interdesign,1255 Reamwood Drive,
Sunnyvale, CA 94086, 408-734-8666.

What happens to semiconductors
in anuclear environment?
For designers who must select components to survive high-energy radiation,
it's important to know how each type reacts
by David K. Myers,

Fairchild Camera and Instrument Corp., Mountain View, Calif.

D Of all the many ambient conditions to which semiconductor devices are exposed, from a computer's airconditioned room to under an automobile's hood, none is
as demanding as the nuclear radiatipn encountered in
certain military and space environments or in the nuclear
industrial field. Unhardened digital electronic equipment
can fail when exposed to ionizing radiation doses of as
little as l0 rads (Si) —out in space, for example, in the
Van Allen Belt—or to a neutron fluence of as little as
10" neutrons per square centimeter—near a nuclear
reactor, say. (Rads (Si) stands for roentgens absorbed
dose in silicon, while a fluence is defined as the time
integral of neutron flux.)
Anyone engaged in designing circuitry for use in such
environments must be knowledgeable about their
differing effects on different semiconductor technologies.
Exposure to high-energy radiation introduces primary
structural defects into semiconductor materials (and
hence changes their electrical characteristics) in ways
that depend partly on the duration and type of incident
radiation and partly on that particular semiconductor
material's resistivity, impurity types and concentrations,
temperature, and carrier-injection levels.
The nuclear environments to be considered here are:
• Fast neutrons, which can permanently degrade gain in
both bipolar and metal-oxide-semiconductor devices and
increase the saturation voltage of bipolar transistors.
• Steady-state ionizing radiation (the total dose), which
can increase leakage current in bipolar devices and alter

threshold voltages in mos and particularly complementary-mos devices.
• The transient ionizing dose rate, which at a high
enough level generates photocurrents in all reversebiased pn junctions, causing changes of logic state in
bipolar digital circuits and latch-up in c-mos devices.
Neutron effects
In general, it is only when neutron levels rise to 10'° to
10' 2 n/cm 2 (E = 10 kiloelectronvolts) that silicon
devices start exhibiting changes in their electrical characteristics. The base transit time and the base width of a
bipolar transistor are the main physical parameters
affected by exposure to fast neutrons, as can be inferred
from the degradation in current gain (14E). Modern
semiconductor manufacturing methods measure neither
of these parameters directly, but do control hFE and the
gain bandwidth product (f,), from which base width can
be deduced.

1. Radiation shift. In MOS and C-MOS devices, ionizing radiation

2. Radiated RAM. Threshold-voltage shifts are a function of radia-

alters gate turn-on voltage, changing the operating point radically. In

tion dosage and bias conditions for 4,096-bit n-MOS random-access

the MOSFET curve shown, athreshold voltage change of almost 3V

memories. Units with gate bias fail at lower radiation levels than zero-

is observed after exposure of the devices to ionizing irradiation.

biased units. A 0.2-to-0.3-V change in VTinduces failure.
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TABLE 1. COMPARING THE RADIATION SUSCEPTIBILITY OF VARIOUS SEMICONDUCTORS
Semiconductor
technology

Silicon
controlled
rectifiers

TTL

10 10 -10 12

10 10 -10 12

10 14

>10°

10 4

10 6

Transient dose rate
(rads (Si)/s)
(upset or saturation)

-

10 3

Transient dose rate
(rads (Si)/s)
(survival)

10 1°

>10 4

Radiation
environment
Neutrons (c/nm 2 )

Ionizing radiation

Total dose
(rads (Si))

I

Low-

Discrete
bipolar
transistors
and J-FETs

Dormant total dose
(zero bias)

Lightemitting
diodes

10 6

5)(104 10 5

10 3 -104

10 3

>1o 6

10 7

5x 10 7

10 6

10 7

10 5

-

10 1°

>10 1°

>10 1°

>10 1°

109

101°

10 4

10 6

10 6

10 5

10 6

10 4

voltage/current spikes that may fuse the metalization
on a semiconductor surface. Usually the interconnect
system on a semiconductor device is a thin metal layer,
only 10,000 angstroms or so thick, and will fuse at a
current density of 10 6 amperes per square centimeter.
Most integrated-circuit metalization stripe widths are
designed to keep the current density below 10 5 A /cm 2
during normal operation, including worst-case testing.
EMP-induced burnout of semiconductor junctions is
But while it is a failure
it originates in the

system design and not in semiconductor selection or
reliability. The electromagnetic pulse must be shielded,
filtered or shunted to ground.

Data available from Government laboratories and
semiconductor manufacturers on semiconductors subjected to neutron irradiation indicates that doublediffused, epitaxially constructed integrated circuits, both
digital and linear, will function within their original
specification limits to neutron levels of 5x 10 13 n/cm 2
(E = 1 megaelectronvolt). This holds for diode- and
transistor-transistor logic, as well as for low-power
Schottky rrt. mos circuits, whether n- or p-channel or
c-mos, are majority-carrier devices and not susceptible
to neutron irradiation below 10'' n/cm 2.
The total ionizing dose
A steady state of ionization increases bipolar transistor leakage current most markedly in low-current,
large-area devices. But even under worst-case conditions,
these increased leakages are not enough to cause circuit
failure at radiation levels below 10 rads (Si). Indeed, in
many cases, bipolar integrated circuits have functioned
well at levels in excess of 10 7 rads (Si). Tests run on DTL,
TTL, and low-power Schottky Tn. circuits reveal radiation-induced changes only above 106 rads (Si).
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n-MOS

10 16

An electrômagnetic pulse from a nuclear event can

le

C-MOS

ups

couple into a system's cables and antennas and create

mode of semiconductor devices,

Schottky
TTL

Analog
integrated
circuits
10 13

Burnout by EMP

therefore a serious problem.

power

.

10' 3

>10 10

>10 5

Isoplanar II
ECL

>10 16

10 7

>10 8

10 11

>10 7

The effect of a total ionizing dose on mos devices is
more drastic. It permanently changes the crucial
threshold voltage, VT, which is applied to the gate of a
mos field-effect transistor to create the source-to-drain
conduction path or channel. This change can be attributed to the buildup of atrapped positive charge in the
gate-oxide insulator and to the creation of fast surface
states at the interface of the silicon and silicon dioxide.
The result is amarked shift in the operating point of a
device (Fig. 1).
Recent radiation tests indicate that n-channel mos
dynamic random-access memories are very sensitive to
ionizing radiation, having a nearly 100% failure rate at
3,500 rads (Si), regardless of manufacturer. For
instance, the major failure mode of 4,096-bit dynamic
n-mos RAMS is the incidence of decoders stuck in the
logic 1state, which in turn is due to changes in threshold
voltage that exceed the operating design tolerance.
Most current n-mos test data is derived from these 4-k
RAMS, but other large-scale integrated circuits like
16,384-bit RAMS, microprocessors, and similar complex
n-mos chips are also sensitive to continuous ionization,
being manufactured according to similar design rules
and processing. Failure threshold is 1,700 rads (Si) for
4,096-bit dynamic RAMS and 1,000 rads (Si) for n-mos
microprocessors.
Precise threshold voltage changes in n-mos units are a
function of dose and bias, as shown in Fig. 2. Under a
normal + 12-volt gate bias, shifts in VT of 0.2 to 0.4
have been observed at 3,000 rads (Si). Circuit analysis
indicates that the n-mos electrical designs will tolerate a
change of 0.2 to 0.3 yin VT without failing. Tests of mos
devices at zero gate bias (again, see Fig. 2) show they
will fail only with the approximately 0.3-v shift in VT
caused by adose of 10 4rads (Si).
Radiation-induced shifts in threshold voltage similar
to those described for n-mos also occur with c-mos
semiconductors. The operating design tolerance
is
usually 1y for commercial c-mos products, indicating
that adose of 10 4 rads (Si) is required to cause failure.
Actual cobalt-60 irradiations of Fairchild Isoplanar

gvii
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" TABLE 2:

RADIATION SUSCEPTIBILITY OF EMITTER-COUPLED LOGIC

Data source

Sandia

Northrop

Fairchild

Pulsed ionizing radiation
no tests performed

Narrow-pulse transient failure level

3x10 8 rads (Silts

Wide-pulse transient failure level

1.1-1 A x10 8 rads

Permanent-damage failure level

not determined greater than 1.5x10"
rads (Si)/s

ISOM

5-7x10 8 rads (Silts
no tests performed
10 11 rads (Si)/s
maximum level
(flash X-ray equipment")

Neutron/gamma permanent damage
Mean neutron failure level

2.2 x10 15 n/cm 2
(1.MeV equivalent)

1x10 18 n/cm 2
(1 MeV equivalent)

1x10 15 n/cm 2 "
(1 MeV equivalent)

Total gamma dose

6.6x10 8 rads (Si)

2.5x10 7 rads (Si)

10 7 rads (Si)*

Observed neutron failure-level range

1.9 -2.6 x10 15 n/cm 2
(1 MeV equivalent)

1x10 15 n/cm 2 *
(1 MeV equivalent)

1x10 18 n/cm 2 "
(1 MeV equivalent)

Device type tested

MC1678L
4-bit counter

custom IC fabricated
by TRW

Isoplanar II, ECL F100101,
F100117, F100102,
F100141 and kit parts

Transistor gain-bandwidth product (f T )

2.0-2.5 GHz

1.5 GHz

4.5-5.5 GHz

'Maximum radiation exposure level; no failures were observed at this level.

c-mos and other available c-mos devices cause device
failures at above 5X 10 4 rads (Si).
If the c-mos design margin for VT is reduced for
electrical performance reasons, then the radiation tolerance would be sacrificed. This is the case for certain
c-mos circuits with aVT of about 0.2 v, which all fail at
approximately 2,000 rads (Si).
In general, improved tolerance of ionizing radiation
could be realized by use of hardened oxide manufacturing techniques and circuit design modifications.
However, though increasing the circuit VT operating
tolerance would raise the ionizing radiation failure
threshold, it would also adversely affect the power,
speed, component density, chip size, and yield.
Loss of memory and latch-up
A transient dose of ionizing radiation creates aphotocurrent in any reverse-biased pn junction, such as the
collector-base junctions of transistors and the pn junctions used for isolation in standard bipolar integrated
circuits. These photocurrents can be large enough to
cause digital circuits to change state, from a 1to a0. But
though they may change the content of memories, they
cause no permanent failure. For some programs, logic
upset is acceptable, but survival at the specified transient
radiation dose rate is required. Tests show that DTL, rrt,
and low-power Schottky rrt devices will change logic
state above a dose 5X 10 6 rads (Si)/s and survive 10'°
rads (Si)/s.
These transient photocurrents can induce another
phenomenon, known as latch-up, in those types of lc that
can be driven into silicon-controlled-rectifier action or
second breakdown. In this situation, they force the
device to latch into one state and remain there until the
power is interrupted or the circuit destroys itself.
Such radiation-induced latch-up has not been observed in digital or linear bipolar la employing doublediffused epitaxial fabrication methods and operating
within specifications. Fairchild has had over 140,000
low-power DTL devices tested by outside contractors to
levels of approximately 10'° rads (Si)/s without a true
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latch-up failure. Nor has any been observed in rrt,
Schottky rrt, or bipolar operational amplifier and
comparator circuits.
Latch-up of triple-diffused Ics does occur. But this
technology has not been used to manufacture commercially available circuits for over five years.
mos resistance to latch-up, on the other hand, varies
with the process used. The problem has not been found
to afflict n-mos devices, which lack the fourth junction
necessary for SCR action. But junction-isolated c-mos
ICS,which have that fourth junction, have been observed
to latch up at dose rates as low as 3X 10 8 rads (Si)/s.
When operated at 5 y in the latch-up state, C-MOS
devices return to normal operation after the power has
been interrupted. But when operated at 10 v, they fail
catastrophically because of latch-up.
It is worth noting that the latch-up dose-rate level of
c-mos devices varies with the manufacturer, device function, and chip design: there is a very uniform susceptibility to latch-up for devices with the same function from
the same manufacturer.
For bipolar devices, it is different. The radiation tolerance of a generic bipolar family can be determined by
testing sample parts of the family, since circuit design
rules and manufacturing processes are constant throughout. This theory has been tested and verified on lowpower Schottky rrt ics manufactured by Fairchild
Semiconductor.
Low-power Schottky parts made by other lc firms
have been tested using the same radiation criteria. These
results, with the Fairchild data, add to the overall confidence that a specific bipolar part type has a specified
radiation tolerance irrespective of its source.
Only limited testing has been reported on the radiation tolerance of high-speed emitter-coupled logic. A
data summary of ECL failure threshold levels for various
radiation environments is presented in Table 2.
Nevertheless, a preliminary comparison of ECL with a
number of other types of ICS and discrete semiconductor
devices (Table 1) indicates that ECL easily excels them
all in radiation tolerance.
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The best
electronic brains
are still human.
In the design of new products, too
often the latest microelectronic
advances create a"technology
beats man" mirage.
The truth is, the real difference
between competing products still
depends on the skillfulness with
which the designer can squeeze
in electronic functions whiie
squeezing out dollar costs.
And Rockwell offers special ways
to help you squeeze.

When the system solution is
microelectronics, the source
is Rockwell.
During design, experienced
Rockwell applications engineers
help you in selecting the cost
effective microprocessor system or
microelectronic subsystem. You
choose from abroad selection of
NMOS or PMOS microcomputers
with 19 off-the-shelf CPUs (or we'll
customize a CPU for you); onechip or multi-chip systems; [SI
MODEMS; RF amplifiers, mixers

and oscillators; mechanical and
SAWD bandpassfilters; and special
telecom circuits.
If you're looking for high reliability packaging and improved
production effic;ency, you can get
the advice of our hybrid or multilayer board designers on custom
packaging or products.
Once you're in production,
Rockwell's high volume capabilities keep every order, big or small,
moving on schedule to your plant.
Rockwell's commitment to the
power of human thinking and to
microelectronic squeezing has already associated us with some of
the smartest electronic products:
cash registers, weighing scales,
accounting machines, electronic
games, facsimile equipment, avionics, computers, telecom, telemetry
and microwave equipment, and
many other products.
And for your future, Rockwell is
working on advanced devices and
processes such as bubble memo-

ries, Very Large Scale Integration
(VLSI), CMOS/SOS and other
technologies.
Get the best electronic brains
and the best human brains together
on your new product. Contact C.V.
Kovac, Vice President— Business
Development Electronic Devices
Division, Rockwell International,
P.O. Box 3669, Anaheim, CA
92803 or call (714) 632-2415.

01%

Rockwell
International

..where science gets down to business
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Microprogramming aminicomputer
for fast signal processing
Storing operating-system instructions as well as the fast Fourier transform
in awritable control memory boosts throughput by an order of magnitude
by Timothy Mulrooney,

Naval Underwater Systems Center, Newport, R. I.

El Given a traditional division of functions between its
hardware and software, a minicomputer cannot process
signals of more than a few kilohertz in real time. As a
general-purpose signal processor, it is simply not
equipped to perform the complex computations fast

enough. But it can reach a more than adequate speed if
various of its software functions, including parts of its
operating system, are incorporated in hardware.
Such anovel hardware-software synergy is most easily
achieved with amicroprogrammed architecture. At pres-

1. Streamlined control. The control section of astandard hardwired processor (shown at left) requires amultiphase clock and complex logic
to decode the instruction register contents and generate control signals. In contrast, the microprogrammed control section (show at right)
requires only asingle-phase clock and generates control signals by decoding microinstructions stored in read-only memory.
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ent, special-purpose systems offer microprogrammed
versions of the complicated fast Fourier transform essential to signal processing. But the real breakthrough
comes when those elements of the operating system that
handle the FFT are also made over to hardware. Then a
general-purpose system becomes capable of handling
signal bandwidths that otherwise require much more
expensive hardware.
Using the Eclipse
A minicomputer like the Data General Eclipse S/230
has the writable control store and the multitasking software that are prerequisites for handling this kind of
general-purpose signal processing. Such a system can
schedule and maintain several programs in main
memory at once, for execution either simultaneously or
at different times, to serve a variety of real-time signalprocessing applications. Multichannel spectrum analysis,

beam forming for a nonuniformly spaced array of
sensors, or linear predictive processing for speech or
biomedical data are just afew examples.
A simple comparison between a hardwired and a
microprogrammed computer control section is shown in
Fig. 1. In general, computation that is complex or
frequently used should be microprogrammed. This rule
fits the fast Fourier transform, the key tool for signal
processing (see "The ubiquitous FFT," p. 138), since
the speed of execution of the algorithm is primarily
governed by its great number of complex calculations.
Special-purpose hardware could of course carry out the
algorithm, but microcoding it into the computer's control
memory is amore flexible solution.
Hardware implementation of the FFT is better than
software implementation because in hardware many
operations typically run in parallel, such as multiplications with memory accesses. Software on a general-
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2. Microprogram control. The Data General Eclipse S/230 minicomputer has a 1,024-word control memory, a quarter of which is available
to the user for microcoded storage of normally software functions. When such microprogramming includes operating-system instructions as
well as algorithms for the fast Fourier transform, it speeds signal processing by an order of magnitude.

Electronics/March 16, 1978

137

Microprogramming the Eclipse S/230
The control-program architecture of the Eclipse S/230
minicomputer is configured to be user-programmable with
microinstructions, which are stored like other instructions
in 16-bit instruction registers. Combinations of bits in the
macroinstruction word are decoded to produce a 10-bit
address for the location in control memory that contains
the microroutine—or rather, the first of the series of microinstructions that make up the microroutine.
The control memory can store in all 1,024 microinstruction words of 56 bits each. Half of it is read-only memory,
making up the minicomputer's standard firmware instruction set, and the rest is random-access memory. Half of
the RAM is for custom applications and not normally used,
and the other half —the writable control store—is for usermicroprogramming.
As each microinstruction is executed, it generates the
address of the next microinstruction. The microroutine can
be any number of microinstructions long, and only when
its execution is complete will the instruction register be
loaded again. Clearly, the longer the microcoded routine
(in terms of execution time and not necessarily the
number of instructions), the less often will the instruction
register have to be loaded and decoded —and the less
time will the central processing unit waste on waiting for it.

purpose machine has no such opportunity for parallelism, for the central processing unit has to execute each
part of the algorithm sequentially. The large microinstruction words in a computer's control memory,
however, can carry out many operations at once.
The relative merits of software and hardware implementations of the FFF are best seen from an analysis of
how they handle the operations involved in performing
the algorithm. There are five such operations: the bitreversal of the entire array of points; the complex multiplication of two 16-bit words; the complex addition and
subtraction; the fetching of a complex exponential,
which is needed at every stage of the computation; and
the overhead operations. The last factor is actually
external to the FFT algorithm, being just the time spent
maintaining array pointers and counters and doing other
such bookkeeping.
Three FFT versions compared
Thus partitioned, the FFT algorithm was programmed
on the Eclipse S/230, the control section of which is
shown in Fig. 2, in one software and two firmware
versions. The first used assembly language (high-level
languages were not even considered because of their
prohibitively long execution times). The other two
employed microprogramming by itself and microprogramming plus high-speed hardware to handle the
complex multiplications.
The times each took to process the FFT are listed in
Table 1. They can be interpreted in terms of the contribution each of the algorithm's five operations made to its
overall execution time. (An interactive simulation
program timed the five operations separately but
assumed the use of interleaved elements, which has the
speed advantage, since separate banks of memory are
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This is the advantage of microprogramming a lengthy
function instead of programming it in the traditional but
cumbersome way. In a sense, the ideal in microprogramming would be to generate a starting address in control
memory and thus cause one long, well-written microroutine to be executed forever.
Additional gains are realized when microroutines are
very complicated. Such operations, which include
complex arithmetic and extensive bit manipulations, traditionally take a very long time to execute. Microprogramming is generally more efficient at handling them because
its long microinstruction words have access to many more
general registers each and have direct control of hardware
at the machine level.
For example, a simple register-to-register add instruction in a standard program takes three microinstructions:
one to decode the instruction register and generate a
control-memory address, another to do the actual addition, and a third to load the register with the next instruction. But a microprogrammed routine that added up a
table of numbers could, if the table were very large, run
almost three times faster than a comparable series of
regular add instructions, since two thirds of the overhead —the loading of the register—would be eliminated.

stored in consecutive locations and can be accessed
simultaneously. The total overall execution times,
though, are given for both interleaved and noninterleaved memory access. All times in the table are in
milliseconds.)
On looking at an assembly-language implementation
of the Fvr for an array size of 1,024 points, for example,
it is clear that the complex multiplication accounts for
46% of the total time, while the complex addition takes
up 17%. The respective figures of 53% and 18% for the
microcoded case are comparable. Evidently, the speed of
arithmetic is not alone in affecting FFT execution time.
Microcoding speeds up arithmetic routines—complex
multiplication, addition, and subtraction—by afactor of
about 2.2, general overhead 2.6 times, and the exponential-fetching routine almost 3.5 times. But the greatest
gain occurs with the bit-reversal operations, which
microprogramming speeds up by a factor of 5.5. The
improvement is due to the greater efficiency of the extra
registers available to microcode and the direct hardware
control of the many memory accesses needed. The total
increase in execution speed is about 2.5 times, indicating
that microcoding helps significantly in every area.
The last group of numbers corresponds to a microcoded implementation complemented by a hardware
multiplication, so that only the data involving arithmetic
operations changes. Note that although hardware multiplication improves arithmetic by nearly a factor of 10,
the overall gain was just slightly better than 2.
The improvements garnered by the microcoded Fvr
algorithm can be reflected in real-time signal processing
as amarked increase in sampling rate. Table 2lists the
maximum sampling frequencies possible for the three
FFT implementations. With speeds about an order of
magnitude better than those possible with traditional
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TABLE 1: TIMES FOR DIFFERENT VERSIONS OF THE FAST FOURIER TRANSFORM OPERATIONS
Total execution
time with
interleaved
memory access

Total
execution
time

Data
points

Complex
multiply

Bit
reversal

Computations

Exponential
fetching

Other

FFT time for assembler version
8
16
32
64
128
256
512
1,024

3.261
8.606
21.280
50.924
118.350
270.122
606.579
1,346.588

(3)
(7)
(17)
(40)
(94)
(214)
(480)

1.476
3.936
9.84
23.616
55.104
125.952
283.39
629.76

0.220
0.554
1.186
2.690
5.780
12.389
26.104
55.493

(1,066)

0.564
1.504
3.76
9.024
21.056
48.128
108.288
240.64

0.288
0.768
1.92
4.608
10.752
24.576
55.296
122.88

0.713
1.844
4.574
10.986
25.73
59.077
133.501
297.815

0.228
0.608
1.52
3.648
8.512
19.456
43.776
97.28

0.084
0.224
0.56
1.344
3.136
7.168
16.128
35.84

0.322
0.775
1.863
4.378
10.133
23.048
51.711
114.841

FFT time for microcoded version
8
16
32
64
128
256
512
1,024

1.343
3.501
8.640
20.623
47.924
109.313
245.439
544.857

(1)
(2)
(7)
(16)
(35)
(81)
(181)
(403)

0.037
0.102
0.217
0.501
1.055
2.297
4.800
10.176

0.672
1.792
4.48
10.752
25.088
57.344
129.024
286.72

Estimated FFT time for microcoded version with hardware multiply

8
16
32
64
128
256
512
1,024

0.6
1.517
4.0
8.728
20.148
45.825
102.59
227.417

0.037
0.102
0.217
0.501
1.055
2.297
4.800
10.176

(0.45)
(1.13)
(3)
(6.54)
(15.11)
(34.36)
(76.94)
(170.25)

5ps

10 ps

5ps

0.06
0.16
0.48
0.96
2.24
5.12
11.52
25.6

0.12
0.32
0.96
1.92
4.48
10.24
23.04
51.2

0.06
0.16
0.48
0.96
2.24
5.12
11.52
25.6

0.322
0.775
1.863
4.378
10.133
23.048
51.711
114.841

All times are for noninterleaved memory access, except where noted.

TABLE 2: MAXIMUM SAMPLING FREQUENCIES

Data
points

Assembler version

Microcoded
hardwar

version with
emultiply

Microcoded version

Noninterleaved
memory

Interleaved
memory

Noninterleaved
memory

Interleaved
memory

Noninterleaved
memory

Interleaved
memory

2,453

2,666

5,957

8,000

13,333

17,778

16

1,859

2,286

4,570

8,000

10,547

14,159

32

1,503

1,882

3,703

4,571

8,000

10,667

64

1,257

1,600

3,103

4,000

7,337

9,786

128

1,081

1,392

2,671

3,657

6,353

8,471

256

948

1,196

2,342

3,160

5,586

7,450

512

844

1,067

2,086

2,829

4,991

6,654

1,024

760

961

1,879

2,541

4,502

6,015

8

All frequencies are in hertz; no scheduling and ideal double buffering are assumed.

processing, microcoding clearly makes real-time signal
processing on aminicomputer practical for many applications. It pushes bandwidths into the kilohertz range for
the smaller arrays of data points. Greater resolution of
the Frr will require more points, of course, and will
reduce sampling frequencies as well. The samplingfrequency limits for array sizes larger than 1,024 points
can be extrapolated from the data in the table.
Ideal double buffering-where the instruction sequence requires no CPU waiting time-is assumed in the
table. But actually, some wait time will always be
required. If memory is slower than the system clock,
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interleaving memory elements can improve execution
time. But a noninterleaved memory that keeps up with
the system clock would produce even more dramatic
results when used with the microprogrammed algorithm,
since the Fn.deals exclusively with taking elements from
arrays, operating on them, and returning them to
arrays-and this is best done sequentially.
Needed: real-time operating system
To take full advantage of the fast microcoded routines
or the high-speed special-purpose hardware available for
processing the Frr, a real-time operating system is
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The ubiquitous FFT
Jean-Baptiste-Joseph Fourier laid the basis for the analysis of complicated waveforms more than 150 years ago,
when he showed that any waveform is the sum of singlefrequency, or sinusoidal, components. Scientists and engineers have learned that looking at the frequency spectrum
of a signal's components provides great insight into the
way signals behave with time. The analysis is possible only
with a powerful Fourier transform, which maps a timevarying signal into the frequency domain and thus causes
the spectral distribution of its sinusoidal components to
become visible.
Since the Fourier transform requires evaluation of the
integral of the input waveform, it can only be performed
exactly on awaveshape with a known equation. But in real
life, most waveforms are far too complex to be readily
defined. The discrete Fourier transform, however, approximates the actual transform by sampling the waveform and
operating on each point. It can therefore be computed
digitally, but the number of operations it requires is so

needed—one that for the first time considers the timing
constraints imposed on the computer's responses by realtime operations. The multitasking capabilities of many
minicomputers allow their users to create, suspend, and
change the priority of tasks in software if they are
prepared to pay the price in execution time. However,
microprogramming even a few frequently used system
operations greatly enhances multitasking efficiency.
An advantage of the FFT algorithm, which may be
used in either assembly language or microcode, is that its
routine can be made reentrant: it need not store data
within itself as an iterative routine does. Consequently,
the program can easily be shared by many channels
requiring independent signal-processing in a multitasking environment.
When used in a general-purpose signal-processing
system, moreover, the FFT algorithm allows the multiprogramming techniques to be simpler than usual.
Because of the nature of the FEr, all tasks can be
assumed to have equal priority. Also, instead of jobs
occurring and departing randomly, the FFT tasks are
being completed and repeated continuously. In essence,
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huge—the square of the number of samples—that even a
reasonable approximation taxes the largest computers.
In 1942, a method was devised for reducing the number
of operations from N2 to NInN, but as that was before the
days of high-speed digital computers and few people
cared to grind through the DFT by hand, the work of
Danielson and Lanczos lay dormant for nearly twenty
years.
Then in the early 1960s interest in the Fourier transform
again picked up. J. W. Tukey worked with J. W. Cooley on
the development of a transform algorithm suitable for the
computer, and the result came to be known as the fast
Fourier transform. Today, though many variations exist on
the original Cooley-Tukey algorithm, any transform that
requires NInN operations is referred to as the FFT. As the
graph shows, the difference in the number of operations
required for the DFT and the FFT grows enormously for
large numbers of samples.
Ray Capece

only the question of real-time constraints, which are not
nearly as stringent as in general multiprogramming,
need be addressed.
That is why scheduling—removing the task being
executed from the CPU and giving control of the CPU to
the next task —turns out to be the most important duty
of the real-time operating system in this signalprocessing context. Since all tasks are independent of
each other and have equal priority, asimple round-robin
scheduling approach is used; each FFT task proceeds in
increments until all have been completed. Just as in
general multiprogrammed systems, round-robin scheduling is interrupt-driven; switching of tasks occurs at
discrete intervals, which are usually determined by
external interrupts.
The scheduler has four jobs: interrupt handling,
getting the next task, searching for the end of the task
queue, and scheduling the next task.
What the scheduler does
The interrupt rate, or amount of time allocated to
each task, is critical in determining system overhead
time. It is set by looking at the response times desired of
the computer. At each interrupt interval, the entire state
of the executing task must be remembered, and all the
information for each task kept in task control blocks,
which are chained together in sequence. Additional overhead is involved in determining which device caused the
interrupt and how the interrupt should be handled.
Finding the next task to run consists of searching the
chain of task-control blocks for the active block (the FFF
being executed), removing it from the queue, and adding
it onto the end in around-robin fashion.
The length of the search for the end of the task queue
directly depends on the number of tasks that are
running. Each time it is necessary for the entire queue to
be searched. Finally, the scheduler restores the next
ready task to active status by using the information in
the task-control blocks. Together, these four parts
constitute the entire system overhead in scheduling.
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TABLE 3: MAXIMUM NUMBER OF TASKS POSSIBLE IN REAL-TIME OPERATION
Data
points
512

Scheduling
means

Type of
FFT

Total time
(ms)

System time
(ms)

Remaining time
(ms)

Number of
tasks

Ideal number
of tasks

A

A
A

2,560
2,560
2,560
2,560
2,560
2,560

307
80
425
124
643
215

2,253
2,470
2,135
2,436
1,917
2,345

4
5
11

53

13
24
30

5,120
5,120
5,120
5,120

614
168
809
242

5,120
5,120

1,216
399

4,506
4,952
4,311
4,878
3,904
4,721

4
4
10
12
22
27

A

1,024

A

MM
MM

A

A
A

A
A

MM
MM

A = assembler

M = microcode

MM = microcode with hardware multiply

14.1
33.2

4.8
12.7
30.0

Sampling frequency = 200 Hz

TABLE 4: MAXIMUM SAMPLING FREQUENCY, SIMULTANEOUS EXECUTION OF 10 TASKS
Data
points
512

Scheduling
means

Type of
FFT

Total time
(mi)

System time
(ms)

FFT time
(ms)

Maximum
sampling
frequency (Hz)

Ideal
sampling
frequency (Hz)

A
M
A
M
A

A
A

5,700.71
5,020.90
2,149.64
1,893.30
913.77
804.81

900.71
220.9
339.64
83.3
144.37
35.41

4,800
4,800
1,810
1,810
769.4
769.4

90
102
238
270
560
636

106.7

12,660.33
11,150.62
4,786.22

2,000.33
490.62
756.22
185.48

NI

M
MM
MM

M
1,024

A
M
A
M
A
M

A
A
M
M
1

MM
MM

= assembler

4,215.48
2,021.97
1,780.85
M = microcode

319.47
78.35

4,020
4,030
1,702.5
1,702.5

MM = microcode with hardware multiply

To examine the benefits of microprogramming the
schedules, two versions were written, one in assembly
language and the other in microcode. For a taskswitching frequency of 1kilohertz, measurements were
made for up to 20 tasks sharing the CPU.
No pains were taken to optimize the microcoded
scheduler, which merely duplicated the assembler
version, yet it reduced the system overhead time by a
factor of 3.5. In designing a general-purpose signalprocessing system, therefore, system overhead is too
important to be neglected. Over 20% of the 1-millisecond
switching time is needed just for the assembly-language
scheduling operation.
Real-life results
Two hypothetical problems can be set up to determine
the actual advantages of amicrocoded, general-purpose
signal-processing system, first in terms of data-channel
limits for a fixed sampling rate of 200 hertz, then in
terms of maximum sampling rates for afixed number of
data channels. The first situation is typical of multichannel spectrum analysis, its solution yielding the
number of spectra it is possible to determine concurrently by multitasking.
The results for interleaved memories and for resolutions of 512 and 1,024 data points are shown in Table 3.
When the problem includes 1,024 data points, assemblylanguage scheduling ideally allows 4.8 tasks to be
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10,660
10,660

282.9
665.4

81

96.1

92
213

254.1

243
506
561

601.5

Sampling frequency = 200 Hz

executed, as predicted in Table 1. Obviously, 0.8 of an
Fri" cannot be performed, and 4.8 translates to alimit of
4FM at the 200-Hz sampling rate. Interestingly enough,
even with microcoded scheduling (the next line down in
Table 3), it is still only possible to perform 4 Frrs. The
reason is that the assembly-language scheduler can use
the time it cannot spend on the 0.8 task for system
overhead. However, as more microprogramming is used,
the time to perform each task gets smaller and smaller,
and the ideal number of tasks increases dramatically. In
those cases, the method of scheduling begins to make a
significant difference. To sum up, microprogramming
has nearly 10 times the computational power of assembler programming.
The second hypothetical problem fixes the number of
data channels at 10, and its results determine the
maximum allowable sampling rates. Assuming ideal
buffering and no scheduling, they can be calculated from
Table 4by dividing the ideal frequencies by the number
of tasks, 10. In the specific case of 10 FFTS on 1,024
points using interleaved memory, the ideal sampling
frequency is 96.1 Hz. Assembly-language scheduling
reduces the rate to 81 HZ, whereas microcoded scheduling boosts it to 92 HZ.
Overall, then, it is clear that microcoding, together
with hardware multiplication, enhances processing speed
by an order of magnitude.
This article is based in part on work done at the University of Rhode Island.
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Synertek Standard.
Service is our custom.
We offer abroad line of MOS
integrated circuits, and we back it up
with service. We see ourselves -a
highly technical and service oriented
organization -as an extension of our
customers' engineering and manufacturing capabilities. But all the service
in the world wouldn't matter if we didn't
offer quality products, and we do.
Our MOS integrate Icircuits,
which include RAMs, RuMs, Microprocessors, Timekeeping Circuits and
Shift Registers, are manufactured with
Synertek's advanced N-Channel, PChannel and CMOS Depletion Load
Silicon Gate processes. Quality. Competitive prices. Good delivery. And
the service you need.

Our standard products,
at your service.
Memory Products

Static Random Access Memories
SY21H02/-2
•SY2102A-2
SY21L02A/B
SY2102-1
"SY21L02-1
•SY21L02
•SY21H01/-2
SY2101-1
SY2101A/-2/-4
SY21H11/-2
SY2111-1
SY2111W-2/-4
SY21H12/-2
SY2112-1
*SY2112A/-2/-4
SY2114/-3
SY2114L
*SY5101L/-3
•SY5101L-1
SY5101-8
•SY5102L/-3
SY5102L-1

Static Shift Registers
•SY2533
SY2833
"SY2833A
*SY2833B
SY2833C
SY2535/2535A
SY2534/2534A

1024x1, 1.5MHz, Dual Input
1024x1, 2MHz, Dual Input
1024x1, 3MHz, Dual Input
1024x1, 4MHz, Dual Input
1024x1, 5MHz, Dual Input
480x2, 1.5MHz/3MHz, Recirculate
512x2, 1.5MHz/3MHz, Recirculate

Dynamic Shift Registers
SY2401/2401-1
SY2825A
SY2826
SY2827
SY1402A/2802
SY1403A/2803
SY1404A/2804

1024x2, 1MHz/2.5MHz, Recirculate
1024x2, 6MHz, Common Recirculate
1024x2, 6MHz
2048x1, 6MHz, Recirculate
256x4, 5MHz/10MHz, Low Power,
Low Capacitance
512x2, 5MHz/10MHz, Low Power,
Low Capacitance
1024x1, 5MHz/10MHz, Low Power,
Low Capacitance

*SY5102-8

Static Read Only Memories

•SY2530
*SY3514/15
•SY4600
SY2316A
•SY2316B
•SY2332

1024x1, 205nsec Access
1024x1, 145nsec Access
1024x1, 10Onsec Access
4096x1, TMS4050 Replacement

'Indicates Synertek
Total TTL Compatibility
made possible with
Advanced Ion Implanted
Silicon Gate Processing.

SY5001
SY5002
SY5007

SY5008
SY50094

CMOS 7Function, 1button, 6digit LCD
12/24 hour and U.S./European Option
CMOS 7Function, 1button, 6Digit LED
12/24 hour and U.S./European Option
CMOS 5Function, 4Digit LED, Segment and Digit Drivers and Oscillator
Capacitor/Resistor On-chip, 12/24
hour and U.S./European Options
CMOS analog Frequency Divider,
1/2 Hz or 1/12 Hz 20 stepper motor
Driver
CMOS Chronograph/Alarm, 6Digit,
LCD, 12/24 Hour and U.S./European
Options, Digital Speed Adjust, Event
Counter, Taylor/Standard Split,
Accumulate

'SY6505
* SY6506

'SY6520
*SY6530
'SY2102A-4
*SY2111A-4
•SY6512
*SY6513
*SY6514
"SY6515
SY6522

SY6532
"SY2114
SY23166
SY2332

28 Pin CPU, one interrupt, on-chip
clock; RDY feature, 4K addressable
bytes
28 Pin CPU, on-chip clock, 2phases
brought out, 4K addressable bytes
40 Pin Peripheral Interface Adapter
Plug replaceable to Motorola's PIA
40 Pin COMBO, 64 bytes RAM, 1K
bytes ROM, 16 I/O channels,
Interval Timer
16 Pin 1Kx1 Static RAM
18 Pin 256x4 Static RAM
40 Pin CPU, external clock, 65K
addressable bytes
28 Pin CPU, external clock. 4K
addressable bytes
28 Pin CPU, one interrupt, external
clock, 8K addressable bytes
28 Pin CPU, one interrupt, external
clock; ROY feature, 4K addressable
bytes
40 Pin VIA-Versatile Interface
Adapter-Features of 6520
Plus: Two Interval Timers,
Latching on I/O Pins, Shift Register
for P/S and S/P Interface, Interrupt
Flag and Enable registers for ease
of use
40 Pin COMBO, 128 bytes RAM,
16 I/0 channels, Interval Timer
18 Pin 11(x4 static RAM
24 Pin 2048x8 ROM
4096x8, 16K PROM (27161
Compatible

Most of our devices are available to
you with operation specified over the
full Military temperature range and
can be processed in accordance with
Mil Standard 883, level B. For special
products and special applications,
we can offer less expensive processing
plans. That's just one of the reasons
why, when it comes to our standard
products, we can say service is our
custom. And deliver on it.
Synertek, 3001 Stender Way,
Santa Clara, California 95051. (408)
984-8900.TWX: 910-338-0135. Call
collect and give your immediate standard circuit requirements to Bob
Cushman, Standard
Products Manager.

Microprocessor Products
*SY6502
*SY6503
SY6504
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512x8, 55Onsec
512x8, 700/50Onsec
2048x8 or 4096x4, 55Onsec
2048x8, 55Onsec
21148x8, 45Onsec, 8K/16K PROM
Compatible
4096x8, 16K PROM 127161
Compatible

Watch Products

Dynamic Random Access Memories
SY1103A
SY1103A-1
SY1103A-X
SY4050

1024x1, 175/20Onsec
1024x1, 25Onsec, 70mA
1024x1, 35Onsec/40Onsec, 35/30mA
1024x1, 50Onsec, 70mA
1024x1, 50Onsec, 40mA
1024x1, 100Onsec. 15mA
256x4, 175/20Onsec. Separate I/O
256x4, 50Onsec, 70mA, Separate I/O
256x4, 350/250/45Onsec, 55mA,
Separate I/O
256x4, 175/20Onsec, Common I/O
256x4, 50Onsec, 70mA, Common I/O
256x4, 350/250/45Onsec, 55mA,
Common I/O
256x4, 175/20Onsec, Common I/O
256x4, 50Onsec, 70mA, Common I/O
256x4, 350/250/45Onsec,
Common I/O
1024x4, 450/30Onsec, 18 pin
1024x4, 45Onsec, 70mA, 18 pin
CMOS, 256x4, 65Onsec, 200/10µA
Standby, Power Down
CMOS, 256x4, 45Onsec, 10gA
Standby, Power Down
CMOS, 256x4, 80Onsec
CMOS, 1024x1, 65Onsec, 200/10g A
Standby, Power Down, 2102
Compatible
CMOS, 256x4, 45Onsec, 10gA
Standby, Power Down, 2102
Compatible
CMOS, 256x4, 80Onsec, 2102
Compatible

40 Pm CPU, on-chip clock, 65K
addressable bytes
28 Pin CPU, on-chip clock, 4K
addressable bytes
28 Pin CPU, one interrupt, on-chip
clock, 8K addressable bytes

Electronics/March 16, 1978

Synertek Custom.
Our standard is service.
Every custom circuit is thoroughly
evaluated with computer-based logic
design and transient analysis programs. As afurther check in assuring
first-time success, afully functional
gate-for-gate breadboard is built for
each custom circuit. Customers can
then work with the breadboard in
their own systems for hands-on
review by their own product development and marketing people. That's
the kind of service we provide. We
provide complete working level interfaces between your product development group and our custom circuit
specialists, every step of the way.
When it comes to custom circuits, we
save you both time and money.
So far, we've produced over
200 custom circuits for advanced
electronic products covering an
incredible array of applications.

9

Breadboard
Fab

9

Breadboard
Approval (Customer)

A.

Concept
Review

B.

System
Definition

C.

Breadboard
Design & Documentation

9

All of the advanced N-Channel, PChannel and CMOS Depletion Load,
Silicon Gate processes used in the
production of our standard products
are also available for the manufacture
of custom circuits.
Custom MOS circuit design and
production is an integral part of our
present and future business plans.
Whether the custom design program
starts at the feasibility stage or at the
point where the customer provides
tooling (reticles, tapes, etc.), we are
organized to quickly and efficiently
handle the most difficult custom
designs.
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 design group is acompletely self-contained department,

We6eks
D.

9

MOS Logic
Design

9

Circuit
Design

9

1-4
Weeks

8-14
Weeks

F

Mask
Fabrication

6-9
Weeks

G.

Wafer
Fabrication

2-3
Weeks

H

Test &
Assembly

2
Weeks

9
9

Prototype
Shipment

Synertek
We're here to help. Call us.
Joe Patridge. Director of Sales
3001 Stender Way
Santa Clara, CA 95051
Tel: (408) 984-8900
TWX: 910-338-0135

Western Region

E. Composite
Design

9
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4-10
Weeks

separated from the standard group,
and located in afully-equipped facility
of its own. It draws, of course, on the
experience and resources gained in
producing atremendous volume of
standard MOS circuits. What it means
is that you get the dedicated attention
of custom design specialists working
on your specific problem, and the best
possible match between your system
requirements and the available
state-of-the-art technology.
Synertek, 3001 Stender Way,
Santa Clara, California 95051.
(408) 984-8900.TWX: 910-338-0135.
Call collect and give your immediate
custom circuit requirements to
Frank Rittiman, Custom Circuits
Product Manager.

Ron Kasper
Northwest Area Sales Manager
3001 Stender Way
Santa Clara, CA 95051
Tel: (408) 984-8900
TWX: 910-338-0135
Ed Harmon
Southwest Area Sales Manager
1000 Quail Street
Suite 290
Newport Beach, CA 92660
Tel: (714) 752-5535

Midwestern Region

John Basista
Central Area Sales Manager
PO. Box 443
Richfield, OH 44286
Tel: (216) 526-7956

Eastern Region

Don O'Rourke
Eastern Area Sales Manager
805 High Street
Westwood, MA 02090
Tel: (617) 329-5522
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TERADYNE'S
MEMORY
TEST SYSTEM
GIVES YOU A
DEFINITE EDGE.

Only Teradyne's J387
Memory Test System gives
you Automatic Edge Control.
Avitally important feature that
eliminates the risk of inaccurate edges and the time and
tedium of manual edge-setting.
With Automatic Edge
Control calibration becomes a
function of the system itself.
Afunction it performs automatically in amatter of a
minute or two.
Now calibration can be
performed often enough to
keep edges repeatable. No
more hours of downtime every
week for recalibration. No
more risk of human error.

The advantages are
obvious. With 16k and pagemode parts in production,
timing integrity is more vital
than ever. Automatic Edge
Control guarantees this integrity. And the fallout from that
is strictly financial.

reasons why the J387 is the
hands-down leader in memory
testing. But it's far from the
only reason. If you produce
memories or use them in volume, send for our new booklet,
"Memory Testing With aDifference." It will tell you why
owners of the J387 have such a
LEARN MORE.
definite edge. Write Teradyne,
Automatic Edge Control 183 Essex Street, Boston,
is one of the most important
MA 02111.

This circuit module has revolutionized
memoty testing. With it Teradyne's J387
calibrates its edges automatically. At arate
ofan edge per second!
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Wow! Now you can
multiply... or
multiply and accumulate
in 7Onsec
Two's complement or unsigned magnitude

,•
TDC 1008J

Y

CLOCK

8

LSP

IN

1

CLOCK

0
X 0

6

cc

8

8
/

0

MSP

3
/ I OXTP

IN

cc

(EXTENDED
PRODUCT)

CLOCK

PRE LOAD
ADD/SUB
ACCUMULATE

TDC 1008J

70 ns, 8 bits —$70 in 100's

r-

•Controllable addition
or subtraction in
accumulator

•Accumulator preloadable

TRW LSI Products
An Electronic Components Division of TRW Inc.,

•Cost effective as a
70 nsec multiplier

Redondo Beach, CA 90278

•Round control

•Multiply-accumulate
in 70 nsec

Please send data sheets on the new TDC 1008J 70 ns,
8x8 bit parallel Multiplier/Accumulator.

•Bipolar TTL monolithic
technology
•Power dissipation of
1.2 watts
•Zero hold time
•Two's complement or
unsigned magnitude

•Ideal for complex
multiplying and filters
(including FFTs)
•(Coming soon: 16 bit
multiplier/accumulator)

Let us show you how you can add functions, simplify the
design...and reduce total circuit cost. Available from
stock from Hamilton /Avnet or contact your local TRW
Electronic Components field sales office or call us at
(213) 535-1831, or send the coupon.

P.O. Box 1125

NAME

COMPANY

DIV/DEPT

MAIL CODE

ADDRESS

CITY

STATE

ZIP

E-3

TRWLSI PRODUCTS
... for Digital Signal Processing
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Engineer's notebook
up-down counter through a 1-of-10 line decoder.
If the amplitude of the receiver signal exceeds that of
the d-a converter's output, the one-shot, A3, is triggered.
After 70 bus, A i times out, and the contents of A3 are
transferred through G I or G2,incrementing the 74192
4-bit counter if A3 has fired and decrementing it if A3
has not fired. The output of the counter in turn drives
two 7442 1-of-10 line decoders, sending one line on each
device into the logic 0state.
The d-a converter is essentially nothing more than a
voltage-divider network, P0—R 0 through P9—R 9,each
connected to the 10 lines of A5 and set to generate any
10 dc voltages corresponding to the range of input
voltage expected. The magnitude of the voltage fed back
to A2 will depend on which line of the 7442 is active low,
and therefore a dc signal is developed whose envelope
closely follows the amplitude of the received pulses.
In a typical C-scan application, the dc output signal
from A6, which is wired in much the same way as A5, is
used to control the duty cycle of astable multivibrator
A7,through transistor Q. A's output is presented to the
Z axis of the scope. A7 is low for a period of 300 ¡is per
scan (10 kHz); during that time, no trace appears on the

Ultrasonic processor readies
data for gray-tone display
by W. H. M. van Dreumel and Henk van der Hoek
Delft University of Technology. Delft, the Netherlands

If combined with a suitable ultrasonic receiver, this
circuit will convert ultrasound energy into 10 distinct
gray tones for display on a cathode-ray tube. Thus
defects and other imperfections in materials may be
detected by this low-cost measuring system that provides
a visual indication of the faults by means of traceintensity modulation, where the intensity will be proportional to the amplitude of the input signal, or equivalently, the magnitude of the fault (the so-called C-scan
method). The circuit can process signals having a pulserepetition rate of up to 10 kilohertz and an individual
pulse width of 70 microseconds or less.
The system is synchronous, requiring a source- or
transmitter-derived trigger to initialize the circuit, as
shown in the figure. After the transmitter-sync signal
fires monostable multivibrator A i,the input signal at
comparator A2 is compared with the output of adigitalto-analog converter that is monitoring the contents of an

CRT.

The trace will be observed during A l's on time, ton,
however, and its intensity will be proportional to t
on ,
which can be varied from 30 to 1,500 ps by PHD through
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C-scan. The amplitude of ultrasonic pulses having a duty cycle of less than 0.01% is converted to 1of 10 dc voltages. Voltages are converted
to gray tones by scope, enabling detection of material flaws. Seriousness of flaw is proportional to intensity of trace.
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Trust Ampex when the data's
from the heart.
There's alot of information in a
heartbeat.
Especially the heartbeat of an
unborn baby.
Using the electrocardiogram
(EKG) of the mother, researchers at
Stanford University's Institute for
Electronics in Medicine are developing
sophisticated computer techniques
to isolate and display the weak fetal
EKG. And confidently monitor the
baby's health and growth.
In this and similar research projects at the Institute, data must be
gathered in ahospital, not acomputer room. And the data must be
used over and over again as analytical
techniques are tested and refined.
So the data recorder must be both
portable and reliable.
The Institute chose an Ampex
PR2200 portable data recorder.
Quiet, reliable and easy to use,
Ampex recorders such as the PR2200
and the expanded performance
PR2230 are ideal for on-location data
gathering. They record direct or FM
signals on from seven to 32 channels.
Bandwidth capabilities up to 2MHz
are offered, and tape speed ranges
from 17/3 ips through 120 ips or 15/16
ips through 60 ips.
When the data's from the heart,
trust Ampex to save it. We've been
specialists in magnetic tape recording since the beginning.

AMPEX
Ampex Corporation
Data Products Division
401 Broadway
Redwood City, California 94063
415/367-2758
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Pi9. Q1 is in the resistance-capacitance timing loop of A7.
Because the set voltages to the transistor base determine
its conducting state, or equivalently, its emitter-tocollector resistance, Q1 is thus used to modify the charge
rate of the RC components by adding, in essence, additional resistance to the loop.
Plo through P19 should be adjusted such that the trace
will generate acontinuous-tone, or progressively deepening, gray scale in 10 equally spaced steps as the counter
advances from 0 to 9. Although it would appear that
only one 7442 is needed in the circuit, using both A, and
A6 protects the counter from reaching the underflow or
overflow condition and also allows independent setting of
the gray-scale voltages and the feedback voltages
presented to Az.

Shunt comparator stabilizes
high-speed digital servo
by B. Vojnovic
Gray Laboratory, Mount Vernon Hospital, Northwood, Middlesex, England

In high-speed applications requiring great positional
accuracy, a digital servo system is usually preferred to
an analog one because of its higher apparent accuracy.
But its stability at high speeds is no greater. However,
the digital servo system is easier to modify so that its

The light-emitting-diode array that monitors the
contents of A5 is useful for setting dc levels to conform to
the range of input signals expected. It is also useful in
determining signal-voltage trends; the relative brightness
of each LED is discernible, even at a sampling rate as
high as 10 kHz.
Resistors R, and Ryo through Ry 9 are used for trimming purposes. Once the attenuator setting has been
determined, all resistors must be set to minimize the
voltage across the inputs to A3 under no-signal conditions. This, of course, means that the 7442 counter, A5,
must be stepped sequentially.
Reference
1. Gemmel', Paul M., "Fast attack detector optimizes ultrasonic receiver response,"
Electronics, Aug. 4, 1977, p. 96.

overshoot and position-hunting problems are minimized.
The modifications are made to the kind of digital
servo system shown in the figure—one in which the set
and feedback values are compared digitally by three
comparators, CI, C2, and C3.They derive an error signal
from the comparison of binary-command data with positional-feedback data generated by the motor, M, and an
11-bit digital encoder driven through asuitable gearbox.
A balanced motor drive arrangement should be used to
ensure low-noise pickup in cases where the controller is
remote from the motor-drive circuit. It is also advantageous when good braking characteristics are desired.
Connecting comparator C4 essentially in shunt with C3
as shown reduces the likelihood of overshooting because
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Stabilizing force. Addition of C‘‘ to circuit minimizes oscillations in high-speed digital servo.

C4

forces immediate coarse comparison of most

significant bits (response time controlled by R,-R 2), before fine comparison is made (response time controlled by R3-R 4).
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Three ways
digital storage makes
our 820 asuper scope.
1

Capture one-time analog events.

Right cursor _

There's no better way to record one-time events than
our 820 Digital Storage Oscilloscope. It captures analog
signals, converts them to digital data, then stores that
data in semiconductor memory.
Digital storage techniques enable us to give you
"pre-trigger" recording, aBiomation exclusive. You can
actually begin recording arandom signal before you
know it's going to occur, and apportion the 820's
memory to record data both before and after the trigger.
And set the trigger level to prevent false triggers.

Trigger point _
Left cursor _

Delta Volts
between cursors _
Delta time
between cursors _
Horiz.
expansion factor

2

Right cursor

Expand the display for detail
analysis.

Left cursor

When you need to analyze the event in detail, you can
expand the display 2, 5, 10, 20 or 50x. Movable cursors
let you pinpoint the portion of the waveform you want to
study. And on-screen digital readout of time and voltage
is automatic.

Perform computer data analysis.
Digital storage gives you maximum analysis flexibility.
You can transfer the data, already digitized, to mag tape,
disc or other permanent storage. Or you can read the
data out directly to aprogrammable calculator or
computer system.

The 820 is the latest product in our six-year history of using digital storage techniques to help you
capture and analyze analog signals. Other Biomation products enable you to convert your scope to
a"super scope" by adding digital storage. For more information, or to arrange ademonstration in
your lab, call Don Dedinas, (408) 988-9600. Or write rib
U
r—à
us: 4600 Old lronsides Drive, Santa Clara, CA 95050. U
LIU

.> bk)rnation

150
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acoarse (most-significant-bit) comparison is made first,
forcing the full motor torque to be developed quickly.
Motor speed is, of course, lowered when coarse equality
is achieved, and then CI—C 3 take over to perform afine
comparison. Therefore, overshooting will seldom occur,
and a given positional accuracy will be achieved more
quickly. The same accuracy might be achieved without
overshooting if only C1—C 3 were used, but the system
speed would need to be reduced.
With this system, a single overshooting occurs very

rarely, usually when multiple carries are generated— for
example, when feedback data changes from
00001111111 to 00010000000. After such an overshooting, however, the return of the system to its desired
position will be slow. System accuracy in all cases is
within 1bit of the desired position.
Another type of digital servo uses adigital-subtraction
method and adigital-to-analog converter. It is, however,
more complex, and furthermore it closely parallels the
operation of the analog system.
LI

Divide-by-N counter generates
square-wave output for odd N
by Steve Lieske
Hewlett Packard Co., Boise, Idaho

An extremely flexible digital frequency divider can be
built using only two presettable synchronous counters
and three NAND gates. The circuit allows the duty cycle
of its output to be controlled to within one half-cycle of
the input frequency. This capability is useful in many
timing and control applications. For example, in dividing
down a high-speed clock, the output duty cycle can be
selected to optimize system timing considerations, such
as propagation delay or data-setup time. It can also be
used in control circuits to generate timing windows.
The 74LS191 counters AI and A2, each programmed
by the data at preset inputs X, and X2,control the on
and off time of the output cycle, respectively. When AI
counts from its preset value to the counter's maximum
value of 15, its ripple output goes low, setting the Q

output of the two-gate, 74LSOO flip-flop to logic 0. A2 is
then asynchronously loaded with the X2 data and counts
from that point to 15. When A2 overflows, its ripple
output sets the flip-flop high, AI is loaded with XI,and
the cycle repeats.
If Q is to be asserted for an odd number of half cycles,
AI and A2 must be clocked on opposite edges (which
produces asquare-wave output when N is odd). If Q is
asserted for an even number of cycles, the counters are
clocked in phase. SI and the 74LSOO NAND gate at the
input allow selection of either option.
The timing diagram at the bottom of the figure shows
a square-wave output for a divide-by-seven counter. In
this application, XI and X2 are programmed so that the
number 12 is loaded into their respective counters, as
shown. Generally, the number that presets the counters
will be equal to 15—N/2, taken to the nearest integer.
N is limited to aminimum value of I. In this circuit, it
may assume a maxiumum value of 14. For greater
frequency division, additional counters must be
cascaded.
11
Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.
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value, preset counters to 15 — N/2. Square-wave output for odd N is achieved by advancing counters on opposite edges of clock.
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Engineer's newsletter
Microprocessor-based
designs must be
easy to service

Two ways
to prevent
false triac firing

How to double
the program steps
for the SR-52

152

If you're designing microprocessor-based equipment, chances are you'll
soon have your field-service manager looking over your shoulder. He
knows that troubleshooting your system will take more than a portable
scope and digital multimeter, and he also knows that without an understanding of your design, he won't be able to choose among the growing
variety of specialized field-test instruments becoming available. You can
help him by becoming aware yourself of developments in such instruments,
since you will have to optimize your system design eventually for the one
that's picked. You'll also help yourself with management, which is
becoming more bothered by the costly spare-board inventory needed to
service complex systems.
There are already over half a dozen new schemes at which to look,
among them: Intel's in-circuit emulation, Hewlett-Packard's signature
analysis and programmed logic analysis, Biomation's stored-waveform
comparisons, and Omnicomp's guided probing with portable board testers.
Other companies, like Millenium and Paratronics, are offering various
combinations of these techniques. Also, the more conventional approaches,
such as those taken by Data Test and Tektronix, combining the measurement of voltage, frequency, and transition counts, should not be overlooked. And 1978 promises to bring many more schemes to the fore. A
good starting point is the cover story on Biomation's approach (p. 105).

When triggered by atransformer, atriac may fire inadvertently, especially
after prolonged operation at high temperatures. It's the energy stored in
the transformer that produces sneak gate currents that trigger the triac
after it has switched off, explains Terry Malarkey, who is with Motorola
Semiconductor Products Inc. in Phoenix, Ariz. To prevent such retriggering, simply place a resistor in series with the triac's gate. This adds
impedance to the sneak path and gives the inductive energy a place to
dissipate. Resistance values from 5to 22 ohms work best in most applications. But if the gate drive is negative, abetter method is to use aseries
diode with its cathode facing the transformer. The diode's breakdown
rating must be high enough to block the reverse inductive currents. To help
dissipate the stored energy that the diode blocks, a resistor may be
connected from the diode's cathode across the transformer.

Texas Instruments' SR-52 calculator, says Robert D. Cole, has nearly
twice as many possible program steps as advertised— to be exact, 434 steps
instead of the reported 224. Each memory register can store eight
program steps. So if you use memory registers 01-19 for program storage,
you can recall the appropriate one and load it into one of the program
registers (70-97) as needed. Theoretically, this should add up to 180 extra
steps to the program. However, because of the way the SR-52 operates,
moving the registers around alters the first instruction of the eight stored
in register and it should be set to zero. This leaves seven that are usable,
giving 133 steps. (Discounting the 35 or 40 steps required to make the
program exchange leaves anet of about 100 extra steps.) Also, if you take
care not to hit the CLR key, you can use memory registers 61-69 for
program storage, gaining another 63 steps. Moreover, registers 98 and 99
may also be used for program storage. So, summing all these possibilities
gives: the 224 known steps plus 133 plus 63 plus 14, for agrand total of
434 possible steps of program.
Lucinda Mattera
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Hybrid Systems:
Recognized For Performance
Performance when it courts. When there's no room
for asecond chance or second best. For more than a
decade, Hybrid Systems has been building quality
products that take systems designers where they want
to go. Data converters. Thin film resistors. Hybrid IC's.

for superior performance in tracking and matching.
Important achievements in basic design and hybrid
circuit construction provide the system designer with
greater flexibility, savings in space and weight, and
the ultimate in reliability.

We're proud of our reputation as aworld leader in
thin film technology, and we work hard to stay up
front. Our "State of the Art" performance is acombination of product reliability, imagination, and the
right kind of experience. Nearly athird of our employees are directly assigned to
quality assurance and testing.

Not all of our products are airborne. But we design
our military, commercial and industrial products to the
same basic criteria. Send for our latest catalog.
It offers 12 new series of hybrid IC data converters12 new ways to write your own ticket to the kind of
performance your products deserve.

Our manufacturing techniques are
MIL-certified. Hybrid Systems'
products all meet MIL-M-38510C
Class B standards by 100%
screening per method 5004.3 of
MIL-STD-883A. Class A processing
can be provided. Our precision resistor networks incorporate proprietary
thin film nichrome ladder networks

When the chips are down...

Hybf d
i

ems

Syst

Crosby Drive, Bedford, MA 01730
Phone (617) 275-1570
(TWX 710-326-7584 HYBRIDSYS BEAD)
In Europe. Hybrid Systems GmbH. 61 Darmstadt. Luisenplatz 4. Germany
Tel. 6151-291595 (TELEX 419390 HYSY 0)
In The United Kingdom. Hybrid (Component) Systems U.K. Ltd.
12A Park Street, Camberley. Surrey
Tel. (0276) 28128 (TELEX 858720 HYBRID G)

A/D & DIA Converters •Thin Film Resistors • Hybrid Integrated Circuits
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1725A OSCILLOSCOPE (275 MHz)
HEWLETT • PACKARD

For improved A-time
measurements, plus
autoranging AC/DC volts,
amps and ohms ...
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HP's the Answer.
EXT TRIG
1AA()

Q Read the time interval
‘..J directly on the digital
display. (Without the DMM
option, read the interval
directly from the STOP
control dial.)

'-

Now you can choose from two new
scopes with improved i-time capability:
The 200 MHz 1715A priced at $3100*
or the 275 MHz 1725A for $3450*. Both
offer an optional -built-in DMM for direct
à-time readout, plus autoranging
AC/DC volts, amps, and ohms.
à-time measurements are now faster
with the 1715A and 1725A. They're
more accurate because scope and operator errors are significantly reduced.
Plus you have switch selection of channel A or B as the starting point for
à-time measurements, often eliminating
the need to move probes and simplifying trace overlap for zeroing. But
you can still select conventional delayed
sweep with the flip of aswitch, for
brighter low-rep-rate traces and convenient trace expansion.
The optional autoranging 31
/ digit
2
DMM is priced at $325* factory installed.
Or, for easy field installation, there's
akit priced at $375*. Another option,
HP's "Gold Button" for $150*, gives
you pushbutton selection of either
time domain or data domain when the
1715A or 1725A is used with HP's
1607A Logic State Analyzer.
Like all new high-frequency HP
scopes, the 1715A and 1725A
have switch selectable 50 ohm or
1Megohm inputs.
And the 1725A,
with 275 MHz

bandwidth, is the fastest 1Megohminput scope available. That reduces the
need for active probes when working with
fast logic near maximum fan-out.
The story with both of these scopes is
user convenience—from front-panel
controls to the minimum of adjustments
for servicing. Your local HP field engineer can give you all the details.

And here's something NEW for
scopes. HP's Easy-IC Probes. A new
idea for probing high-density IC circuits
that eliminates shorting hazards, simplifies probe connection to DIPs and generally speeds IC troubleshooting. The probes
are standard equipment with these
two scopes.
*Domestic U.S.A.
price only.

HEWLETT h
1507 Page Md Road

PACKARD

Palo A[to Caidorna 04304

For assIstance call WashIngton (301) 948.6370 ChIcago (312)
255-9800 Atlanta 1404 955-1500 Los Angeles (213) 877-1282
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OUR
EXPANDING
UNIVERSE OF
LIGHT EMITTING
ELECTRONICS
CHOOSE THE DEVICE YOU HEED FROM 310 TYPES
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Now Litronix offers an
opto-electronic device for virtually
every application. Over 300
LED displays, LED lamps, optoisolators, IR emitters, photodetectors and photo-voltaic cells.
And more are coming every month.
You will find advanced
products not available anywhere
else. As well as widely-used
standard devices at highly competitive prices.
Some highlights:
ALPHANUMERIC
LED DISPLAYS.
Character sizes
from 0.16" to 0.50"
in end-stackable
arrays of 1to 4red
characters —
including an intelligent display that interfaces just
like aRAM to µP buses.

u
m

DIGITAL LED DISPLAYS.

Green,
and
redyellow
digits.
Nine sizes from
0.1" to 1" high. In
DIPs of 1and 2
digits. On PCBs of
2to 6digits with edge connectors.
Both light-pipe displays with

very wide viewing angle
and low-cost reflector displays.
70 different types.
LED LAMPS.
Red, orange,
yellow and green
lamps. T-1, T-1,4
and axial packages. Arrays of 2to
10 lamps. With
panel mounting clips. Lamps that
flash on/off. Constant brightness lamps. Voltage-indicating
lamps. 58 different types.
OPTO -ISOLATORS.

size. Miniature with axial or radial
leads. 30 different types.
PHOTO-DETECTORS.
Photo-transistors
and photo-diodes
with acceptance
angles from 6°
to 73° Hermetic
high-reliability
devices and low-cost nonhermetic devices. TO-18 packages,
ceramic packages and miniature
radial lead configurations.
Arrays of 2to 10 detectors. 47
different types.

One, two and
four-channel opto isolators. Current
transfer ratios up
to 320%. Isolation
voltages up to
5000v. Transmission rates as high
as 4megabits/sec. 15 JEDEC
types. 25 different types in all.

PHOTO-VOLTAIC CELLS.

IR EMITTING DIODES.

Contains 32 pages on all devices
in the product categories
above. Phone your local distributor
or contact Litronix at 19000
Homestead Road, Cupertino, CA
95014. Phone (408) 257-7910.

From medium to
very high power.
Beam widths from
6° to 60°
Hermetic and nonhermetic TO-18

Silicon solar
cells. Sensitivity
from .04 microamperes to 2.8
microamperes.
Twelve different
types available.
SEND FOR FULL CATALOG.
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litronix
AN AFFILIATE OF SIEMENS

THE LIGHTS FANTASTIC

GenRad's new In-Circuit Tester
will draw acrowd
every place it's shown.
Join the crowd.
GenR

In-circuit testing makes alot of sense, so you
are probably not surprised to learn that
GenRad has anew in-circuit tester. What will
surprise you is how much different it looks
from other GenRad board testers and how
many convenient features it is possible to
build into an in-circuit tester.

A new system from the old pro
GenRad is in aunique position to offer an in circuit tester since such asystem is actually a
cross between an impedance bridge and a
functional test system. And GenRad is
recognized worldwide as the company with
the most expertise, experience, and sales
volume in both areas.

In-circuit testing locates
faults early

In PC-board manufacturing, the earlier you
detect and locate faults such as solder shorts,
opens, wrong parts, improperly seated parts,
missing parts, etc, the lower your costs are
going to be. This is particularly true for
high-volume manufacturers, since failure
to correct faults early can create severe
bottlenecks later in the testing and
fault-diagnosing stages.

What users will like about
the 2270

GenRad's 2270 In-Circuit/Functional Test
System has many features that are easily
translated into user benefits. For instance:
Sophisticated Software. Test
programs are generated automatically
from s;mple circuit descriptions,
minimizing programming time.
Optimum Man-Machine Interaction.
The software provides optimum man machine interaction, when required.
Applies to on-line program editing,
debugging, or for board setups and
adjustments.
Expanded 4xn Scanner. With fully
independent cross-point control, the
scanner improves in-circuit testing
accuracy and adds flexibility to
functional testing.
Stable, Accurate GenRad Instrumentation. Provides long-term reliability,
including synthesized sources, 14-bit
DIA and A/D conversion, and
quadrature reactance measurements.
Human-Engineered to Maximize
Operator Efficiency. CRT display and
bed-of-nails work surface are both
adjustable for ease of reading and

board loading.
Flexibility of Use. Can perform both
in-circuit and/or functional testing on the
same equipment.
And more ... lots more

Customer confidence—the
extra bonus

For 10 years GenRad has installed computercontrolled test systems throughout the world
In fact, during 1978 we will install our 1000th
system, avolume which we believe exceeds
the total of all comparable systems installed by
competitors. GenRad's expertise in system
hardware and software remains second to
none, and our after-sale support is reality and
not empty promises. Only performance instill:
customer confidence, and we don't treat it
lig htly.

To learn more about the 2270, request acopy
of our new brochure.

4rk
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Complete DMMs cost under $300
Two 41/
2-digit units read current as well as dc and ac voltage and resistance;
one model responds to true rms, the other uses average-detecting circuitry
by Lawrence Curran, Boston bureau manager

The name of the game in 41
2 -digit
/
digital multimeters these days is to
have a price tag under $300. To get
in on this portion of the bench
instrumentation market, Data Precision Corp. has redesigned two earlier
DMMS to come up with the models
2480 and 2480R.
Both instruments are priced below
$300, which Data Precision president Harold Goldberg observes has
become the magic number in the
41
/
2-digit bench market. He underscores that these two entries are
complete instruments, including current measuring, along with the usual
dc and ac voltage and resistance
measuring capabilities.
The only difference between the
2480 and 2480R is that the latter
responds to true rms, whereas the
2480 uses average-detecting circuitry calibrated in rms for a sine wave.
The 2480, including test leads and
service manual, is priced at $279,
and the 2480R at $299. A rechargeable nickel-cadmium battery pack
available for an additional $19.50
makes either unit fully portable
when necessary. The basic price of
both also includes a line cord that
can be removed when the multimeter
is battery-operated, plus a one-year
warranty and a certificate of conformance.
Goldberg observes that not all
users want true rms readings, "so
why make everyone pay for it?
We're offering them a choice." He
stresses that the rms feature is not
an option but part of a completely
separate instrument.
Goldberg does not claim that
these DMMs were the first to break
the $300 barrier, but points out that
their chief competition doesn't offer
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current-measuring capability nor include test leads and a manual in its
basic price. Further, the battery
option is much more expensive in the
competitive unit.
Both the 2480 and the 2480R
measure dc and ac voltage and
current in five ranges each, and
resistance in five ranges. For dc and
ac voltage, the ranges are from
100 my to 1,000 v; for dc and ac
current, from 100 ,2A to 1,000 mA;
and for resistance, from 1Id/ to 10
m9. Basic dc voltage accuracy is to
within 0.03% of input ± one digit,
with resolution of ± 10 µv, and
every range has 100% overranging
except for the highest voltage range.
All dc voltage ranges will withstand a maximum momentary voltage of ± 1,200 y, or ± 1,000 y
continuously. Any ac voltage range
will take 1,000 V rms up to 10 kHz,
and any resistance range can safely
handle 500 y without damage and

loss of calibration.
Neither multimeter requires a
front-panel zero adjustment, and the
current circuits are protected by a
2-A fuse mounted on the rear panel
of the case. That case measures 8/
2
1
inches wide, 27/
8 in. high, and 8
/ in.
4
1
deep. Both units have high-intensity
light-emitting-diode displays that
are 0.43 in. high.
Input impedance on all dc and ac
voltage ranges is aconstant 10 rk.412 in
all ranges. Ac frequency response is
specified to 50 kHz on all ranges
except the most sensitive of the average-sensing 2480 and to 20 kHz on
all ranges of the 2480R. Overvoltage is indicated by blanking of
all digits except the decimal point
and polarity sign, where applicable.
Both models are available from
stocking representatives.
Data Precision Corp., Audubon Rd., Wakefield, Mass. 01880. Phone Robert Scheinfein
at (617) 246-1600 [338].

159

Intel delivers the
Make the move now
Now's the time to replace those 2102 1K designs with Intel's higher density
2114, the most widely sourced 4K static RAM. The 2114 is already less expensive
at the board level than the 2102. You'll save power without compromising speed.
And best of all, we're delivering the 2114 in volume. We can ship
up to 10,000 parts within one week of receipt of order.
There's afull range of design solutions in the 2114
family. It starts with our 1Kx 4 2114,
for the highest possible density and
modularity in an 18-pin 4K static
RAM. Then there's the 2114L.
Same pin-out. Just as fast. But 30% lower power.
For simplified designs in microcomputer-based systems,
we're delivering the 20-pin 2142. It's the way to go when
you want 2114 performance, but need an extra chip select
and output enable. The output enable function
cuts parts requirements in microcomputer
systems by eliminating bus contention.
All our 4K static RAMs
inherit the ease of use
intel
and low overhead of our
industry-standard 1K
Intel
2102. You don't need a
inteCILE
clock, refresh or set-up
timing. You
don't even need
FRAGILE

160
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2114 in volume.
to 4K static RAMs.
pullup resistors or output gating. Our 4K static RAMs operate at TTL levels
on asingle +5V supply, and have buffered three-state outputs.
We guarantee identical access and cycle times on these parts, so you can
surpass the performance of clocked static RAMs. For example, you can achieve a
data rate of 20 megabits per second with the 200 nanosecond 2114-2 or 2142-2
parts. That's twice the data rate of clocked RAMs with a200 ns access time.
Intel specs guarantee that even at high throughput rates you'll need less than
half the power of first generation static RAMs.
Intel 1Kx 4 MOS STATIC RAMs
You can take advantage of 2114 and 2142 economy
Access Time &
I
cc (max)
Cycle Time (max) @Vcc (max)
and Intel's production availability by ordering directly
0-700c
0-70 ,c
from: Almac Stroum, Component Specialties, Cramer, 2114-2
100mA
2114L-2
200ns
70mA
Hamilton/Avnet, Harvey, Industrial Components,
2142-2
100mA
Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty,
2142L-2
70mA
L.A. Varah or Zentronics.
2114-3
100mA
2114L-3
300ns
70mA
Or ask your Intel salesman how you can get an
2142-3
100mA
2142L-3
70mA
assembled and tested card, the Intel Memory
2114
100mA
System in-7000. It gives you up to 16K
2114L
450ns
70mA
words on one card, up to 528K in
2142
100mA
"4-----___
2142L
70mA
one chassis.
Our entire selection of static RAMs are in the Intel 1977
Data Catalog. For individual data sheets on the 2114 or
q t 4.4
..........,
2142 components or the in-7000 static RAM memory
system write: Intel Literature Department, 3065
Bowers Ave., Santa Clara, CA 95051.
In Europe: Intel International, Rue du Moulin
aPápier, 51 -Boite 1, B-1160 Brussels, Belgium.
Telex 24814. In Japan: Intel Japan K. K., Flower
Hill-Shinmachi East Building 1-23-9, Shinmachi,
Setagaya-ku, Tokyo 154. Telex 781-28426.
‘

int€J®delivers.
Visit us at the Hanover Fair '78
April 19 through 27, 1978.
Cebit-West,
Hall 18.
Booth 1503.
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New products
Semiconductors

Optical coupler
uses photo-SCR
Aimed at solid-state relays,
photo-SCR isolator sustains
200 V across its output
Light-sensitive silicon controlled rectifiers have been viewed for years as
the next step in simplifying the solidstate relay, but until now sources for
photo-scR couplers have been limited. Now, however, a small Texas
firm, Spectronics Inc., is going to
second-source the photo-scR coupler
family made by General Electric Co.
Multiple sourcing is the boost that
these couplers need to win sockets
away from earlier light-emittingdiode and phototransistor designs,
the firm believes.
Optical couplers are fast following
the lead of microprocessors in
replacing electromechanical controls
and switches in consumer and industrial equipment. The mating of an
LED and photodetector provide the
isolation necessary to protect electronic controls from the high transient voltages of electrical loads,
particularly inductive loads such as
mechanical relays and motors. The
devices also isolate the equipment's
ultimate user from touching a 110-v
or 220-v system.

Most solid-state relays employ
phototransistor couplers, whether
supplied as asubassembly by arelay
maker or built from components by
the original-equipment manufacturer. In a relay the new photo-scR
coupler will replace the phototransistor coupler, as well as the SCR that
the phototransistor drives, says
James A. Oursler, program manager
for the Richardson, Texas, firm.
Like its GE counterpart, the Spectronics coupler will sustain 200 v
across the SCR output, allowing the
user to connect it to a 115-v line.
Moreover, Spectronics will introduce
a 400-v version in May designed to
be used for 220-v equipment. Both
devices will handle 300-mA forward
current; with a current-limiting resistor, both will switch alarger, 30-A
SCR or can be used with a diode
bridge to trigger atriac (see figure).
Applications are varied and include
microwave ovens and other appliances, electronic heating and airconditioning controls, vending machines, computer interfaces, and
industrial and machine-control uses.
Versions are now available with
LEDs that trigger at either 11 IT1A or
14 mA. All the Spectronics couplers
use a patented, intermolded epoxy
process to get input-to-output isolation of 3.5 kv ac, as defined by
Underwriters Laboratories Inc. They
are housed in standard six-pin plastic dual-in-line packages and will
operate in —55°C to 100°C. Holding
current of the devices is rated at 500
ITIA maximum, and dv/dt is 500 v/gs

ALABAMA
Pen-Tech Assoc.
Huntsville
(205) 533-0090

MISSOURI
Technical Reps.
Hazelwood
(314) 731-5200

ARIZONA
Intel Corp.
Phoenix
(602) 242-7205

NEW JERSEY
Intel Corp.
Edison
(201) 985-9100

BFA Corp.
Scottsdale
(602) 994-5400
CALIFORNIA
MAC-I
Berkeley
(415) 843-7625
MAC-I
Cupertino
(408) 257-9880
MAC-I
Fountain Valley
(714) 839-3341
Earle Assoc.
San Diego
(714) 278-5441
Intel Corp.
Santa Ana
(714) 835-9642
Intel Corp.
Sherman Oaks
(213) 986-9510
Intel Corp.
Sunnyvale
(408) 738-3870
MAC-I
Woodland Hills
(213) 347-1374
COLORADO
Intel Corp
Denver
(303) 373-4920
Mountaintek
Evergreen
(303) 674-5255
CONNECTICUT
Intel Corp.
Danbury
(203) 792-8366
CMA Corp.
Fair Haven
(203) 789-1013
FLORIDA
Pen-Tech Assoc.
Deerfield Beach
(305) 421-4989
Intel Corp.
Ft. Lauderdale
(305) 771-0600
Pen-Tech Assoc.
Maitland
(305) 645-3444
Intel Corp.
Orlando
(305) 628-2393
GEORGIA
Pen-Tech Assoc.
Atlanta
(404) 955-0293

BFA Corp.
Las Cruces
(505) 523-0601
NEW YORK
Measurement Tech.
Great Neck
(516) 482-3500
Intel Corp.
Hauppauge
(516) 231-3300
T-Squared
Pittsford
(716) 381-2551
Intel Corp.
Poughkeepsie
(914) 473-2303
Intel Corp.
Rochester
(716) 328-7340
T-Squared
Syracuse
(315) 463-8592
NORTH CAROLINA
Pen-Tech Assoc.
Highpoint
(919) 883-9125
OHIO
Lowry and Assoc.
Cleveland
(216) 464-8113
Intel Corp.
Dayton
(513) 890-5350
Lowry and Assoc.
Dayton
(513) 435-4795
Intel Corp.
Euclid
(216) 289-0101
OREGON
ES/Chase
Beaverton
(503) 642-2732
PENNSYLVANIA
Intel Corp.
Ft. Washington
(215) 542-9444
Q.E.D. Electronics
Hatboro
(215) 674-9600
Lowry and Assoc.
Pittsburgh
(412) 922-5110

ILLINOIS
Dytek-Central
Arlington Heights
(312) 394-3380

TEXAS
Intel Corp.
Dallas
(214) 241-9521

Intel Corp.
Oakbrook
(312) 325-9510

Mycrosystems Mktg.
Dallas
(214) 238-7157

IOWA
Technical Reps.
Cedar Rapids
(319) 393-5510

Intel Corp.
Houston
(713) 784-3400

KANSAS
Technical Reps.
Lenexa
(314) 888-0212. 3. 4
MARYLAND
Mesa. Inc
Rockville
(301) 881-8430
Glen White Assoc.
Timonium
(301) 252-6360
Intel Corp.
Timonium
(301) 252-7742
MASSACHUSETTS
Intel Corp.
Chelmsford
(617) 256-4131
CMA Inc.
Waltham
(617) 894-7000
MICHIGAN
Lowry and Assoc.
Brighton
(313) 227-7067
Intel Corp.
Southfield
(313) 353-0920
MINNESOTA
Intel Corp.
Bloomington
(612) 835-6722
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NEW MEXICO
BFA Corp.
Albuquerque
(505) 292-1212

Mycrosystems Mktg.
Houston
(713) 783-2900
UTAH
Mountaintek
Salt Lake City
(801) 266-9617
WASHINGTON
ES/Chase
Seattle
(206) 762-4824

CANADA HDQTRS.
Ottawa
(613) 232-8576
Multitek
Ottawa
(613) 226-2365
EUROPEAN HDQTRS.
BELGIUM
Brussels
Tel: (32-2) 660 30 10
Telex: 24812

ORIENT HDQTRS.
JAPAN
Tokyo
Tel: (03) 426-9261
Telex: 781-28426
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Inters new in-7000 static memory system with
Word/Byte Control delivers speed, convenience and
design flexibility. It's the easiest way to get our
high-density 2114 4K static RAMs into your system.
The in-7000 is acomplete static memory with
interface and control logic contained on asingle 10.8"
x8.175" printetj circuit card. The system requires
only a+5V power supply, is TTL compatible, and
needs no refresh. You can choose from two
versions, differing only in speed: the 7000, with a
read and write cycle time of
250 ns; and the 7001 (350 ns).
The basic in-7000 card is
available in four 16K
configurations: 16K x12, 16,
20 or 24 bits. Two chassis
models are also available.
The in-Minichassis can
mil
house six in-7000 circuit
cards, and the in-Unichassis has a32-card capacity.
Aunique feature called Word/Byte Control gives you
the design flexibility to standardize on the in-7000
for all your systems applications. Word/Byte Control
allows the Byte Control inputs to be used either

for reconfiguration or byte data control. In the Word
mode, the Byte Control inputs select either or
both halves of aword, effectively reconfiguring a
16K x24 card to 32K x12; a16K x16 card to
32K x8; and so on. In the Byte mode, any combination
of three bytes in a24-bit word may be selected
by the Byte Control inputs.
Get Intel 4K static RAMs into your system now
with our in-7000. Phone your local Intel sales office or
use the coupon below.

delivers.

Intel Memory Systems
EL
1302 N. Mathilda Avenue, Sunnyvale, CA 91086
Phone (408) 734-8102
Send me more information on Inters in-7000 static
memory system.
Name
Position
Company
Address
City, State Zip
Call me

"Our new 2114-based
memory system
gives you
ahead start with
ee
4K static RAMS.
• .:CW10e *1;‘5.
\\tte
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New products
light-sensitive sat chip as aproduct,
it is initially offering apackage with
an LED in the SCSI1C1 and
SCSI 1C3 couplers. The SCSI ICI
with an 11-mA trigger current sells
for $1.10 in lots of 1,000 and as low
as $0.55 in high volumes.

minimum, the company says.
Instead of delineating the SCR's
junctions with a moat etch process
and then passivating the devices with
glass, Spectronics uses standard planar semiconductor processing. "That
gives us a smaller chip, and a chip
that's more easily assembled into
packages," Oursler explains. While
the firm plans eventually to sell the

Spectronics Inc., 830 East Arapaho Rd.,
Richardson, Texas 75080. (214) 324-4271.
[411]

2/
12
Per Inch

The popular Opto 22 P-Series, 3/8 inch-thin SSR is now available
with the industry's smallest footprint.
This new unit has the same high quality features you have
learned to expect from Opto 22. It switches 120-240 VAC, has T2L
input with built-in-snubber. 3ampere current rating and up to 4000
Volt photo-isolation.
m

ay

nr.
The Solid Ste of the Art in PC Board Relays
5842 Research Drive, Huntington Beach, California 92649 (714) 892-3313
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Switching regulator IC
includes high-voltage zener
A pulse-width-modulation control
circuit, the TL495, is intended
primarily for use in switching power
supplies. Similar to the slightly older
TL494, the new integrated circuit
has an on-chip 39-v zener diode that
allows the regulator to be used in
high-voltage applications, in which
the input voltage exceeds 40 v. It
also has an output-steering control
that overrides the internal control of
the chip's on-board pulse-steering

Otherwise the 495 provides the
same functions as the 494. It
contains a 5-v regulator, an error
amplifier, a current-limit sense amplifier, a programmable oscillator, a
dead-time control comparator, a
pulse-steering flip-flop, and output
control circuitry. Its uncommitted
output transistors provide achoice of
common-emitter or emitter-follower
output capability. Push-pull or single-ended operation can be selected
through the output control function.
The lc is housed in an 18-pin dual
in-line package. For quantities of
100 or more it sells for $3.60 in
plastic or $4.03 in ceramic. Availability is from stock.
Texas Instruments Inc., Inquiry Answering
Service, P. O. Box 5012, M/S 308, Dallas,
Texas 75222 [413]

Bi-FET op amps have
low noise and low drift
Three series of Fu-input monolithic
operational amplifiers are designed
for low-noise applications. Featuring
matched junction field-effect tran-
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Get Ronnie

If you need test and measurement instrumentation that really moves, get
behind the wheels of cart-mounted instrumentation from Tektronix.

You can load the upper tier of aTek
Model 3 Lab Cart with your Tektronix
Oscilloscope, put one or two TM 500
Mainframes on the lower decks and fill
them with your own configuration of
TM 500 modular plug-ins:
•DMMs
•Counters
•Generators
•Amplifiers

•Power Supplies
•Plug-in Scopes
•Logic Analyzers
•Word Recognizers
3 Custom Plug-ins

There are over 30 TM 500 instruments
to choose from, so you can assemble a
configuration that handles several
specialized applications or use each
individual instrument for general purposes.
Your entire instrumentation system
plugs into a power distribution unit requiring asingle line cord.

You can travel to immoveable machines and probe their inner workings
.. in one trip, riot several. Or slip your
mobile lab down a narrow laboratory
aisle to give your bench more elbow
room.

depth inside allows room to rackmount
Tektronix instrumentation to the front or
rear of the cart. A special option lets
you rackmount aTM 500 six wide
mainframe at an upward angle for
easier usage.

Or. zip across the production floor for a
scope calibration. Tek instruments,
ScopemobilesTM and Lab Carts have
an internal common ground, an important feature if you get into sensitive
digital circuitry.

With arollabout test and measurement
laboratory of Tektronix instruments,
you've got a lot going for you. Flexibility. Accuracy. Configurability.

And, if you need table top working
space along with cart portability
choose the TEK Rack Cart Model 7.
Like a moveable desk. the Rack Cart
leaves aflat surface on top for charts,
files and record keeping. And, 28" of

So, get rolling.
Call your Tektronix Field Engineer and
ask him about taking atest stroll with
the TM 500 family of modular instruments. They really go together.

TM 500
Designed for
Configurability
For configurable, accurate, reliable
test and measurement instrumentation, contact: Tektronix, Inc., P.O. Box
500, Beaverton, Oregon 97077,
(503) 644-0161, Ext. 5283. In Europe:
Tektronix Limited, P.O. Box 36,
St. Peter Port, Guernsey, Channel
Islands,
Fur Technical Data circle 165 on Reader Service Card
Fhr Demonstration circle 141 on Reader Service Card

Your probes, accessories, additional
plug-ins and documentation tuck away
neatly in the bottom drawer. Now
you're all set to go places.
Electronics/March 16, 1978
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165

low to glow to light to brieht...
Turn it on with thE Hunt IncandEscEnt
Wall Box Light Dimming Control.
Tim CasE -Deco.
Plenco 548 Black phenolic molding compound. To help the dimmer,
maufactured by Hunt Electronics Co., Plano, Tex., control up to 600
watts of incandescent or quartz light, and meet the rigid requirements
of Underwriters Laboratories.
Here's Hunt on how: "We find your Plenco 548 compound to have good
insulation resistance and dimensional stability. The thermal and fire
retardancy characteristics of the material help enable us to satisfy the
requirements demanded of our dimmers for home, commercial and industrial use."
More than likely we can turn you toward a Plenco thermoset just right
for your problem or application. Bright idea—dial (414) 458-2121.

PL.E.NIQED
THERMOSET PLASTICS

PLASTICS ENGINEERING COMPANY
Sheboygan, WI 53081
Through Plenco research ... a wide range of
ready-made or custom-formulated phenolic,
melamine-phenolic and alkyd thermoset
molding compounds, and industrial resins.

New products
sistors, the amplifiers all have an
input bias current of 30 pA, an input
offset current of 3 pA, an input
impedance of 10 1'SI, an input offset
voltage of 1 mv, an input-offsetvoltage temperature drift of
3ii.v/ °C, and an input noise current
of 0.01 pA/Hz'n.
Specifications of the LF155 series
include a4-as settling time, a5-v/eis
slew rate, a 2.5-MHz bandwidth, and
an input noise voltage of 20 nv/Hzl".
The LF156 settles in only 1.5 /Is,
slews at 12 v/i2s, has a 5-MHz bandwidth, and has an input noise voltage
of 12 nv/Hz 1". The fastest amplifier
in the series is the LF157, which is
similar to the 156 except that it can
slew at 50 Wits and has a 20-MHz
bandwidth.
All three op amps can be operated
from —55 °C to +125 °C and can
work with supply voltages up to
22 v. They can drive loads with
capacitances up to 10,000 pF without
stability problems. In quantities of
100 to 999, the amplifiers sell for
$2.67. They are available from
distributor stock.
Signetics Corp., 811 East Argues Ave., P. 0.
Box 9052, Sunnyvale, Calif. 94086. Phone
(408) 739-7700

[414]

Monolithic unit does 8-by-8
multiplication in 70 ns
A monolithic, multifunction arithmetic device that can multiply two
8-bit binary numbers in only 70 ns
can be used as either a multiplier or
as a multiplier-accumulator. It can
also perform 19-bit addition and
subtraction in an accumulatorsubtractor.
Designed as a central arithmetic
block for use in digital filters (especially those used to implement fast
Fourier transforms), the TDC1008J

166
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Theirs: $5800

Ours: $3425*

Seeloryour;ill
The res.ults from MI 01.: recordings arc making alot
of people think twice before specifying more 4XpCIISI Ve
in81.1111111!IIII,S.
FOr
nit ,applications, our ink
writing
system provides traCt• wilily
(
ai
Ii;LM
1ituialJIi
ink methods. And it's neater, too
ilu messy loading
procedures, and no smudging,
In addition, Our recorders arethe only inaelline:i
the market with 18 select:0.1e
fri an Inun/hour to
Fiürn in /seemul. And you can pick any iiipcciticiipciid within
that ILl,u, with pin .
millet( Tn4 pub*,
input. Il ature. Which
means you can scale
your record i
ngm for
optimum resolution
.55-1
and piper economy.
• s e
MFE recorders
0
0
0
o
are available with 2, 3,
-.4, 6or 8channels — at
4 - gl say. tige of up to $3200
()Vf;:- the leading cornpetitor. They're also
available on GSA
contract.
Spend thousands less for your next
recorder Your data will never know the difference.
For details contact MFE
Corporation, K.ewaydin Drive,
Salem, NH 03079. Tel. 603893-1921/TWX 710-366-1.887/
TELEX 94-7477. Europe: MFE
Products SA, Vevey, Switzerland,
Tel. 021 52.80.40/TELEX 26238.
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8111111111F

MFE

*Comparison based on published
1977 prices for 4-channel models.
C rcle 167 ol reader service card

We torture o
coils today...

New products
contains input registers as well as its
output accumulation registers. Both
inputs and outputs are compatible
with transistor-transistor logic levels.
Three-state outputs are standard
with this device.
Housed in a 48-pin dual in-line
package, the TDC1008J is priced at
$70. It consumes 1.2 w of power
from asingle 5-v supply. Delivery is
from stock.
TRW LS) Products, P. O. Box 1125 Redondo
Beach, Calif. 90278. Phone William Koral at
(213) 535-1831 [415]

SCRs operate at junction
.temperature of 150°C

so you
can trust 'ern
tomorrow
Rugged environment? Routine trips through torture test prove out the
reliability of typical inductive components selected at random from
production runs. This sample is subjected to a series of high and low
temperature extremes with performance characteristics verified for
conformance to Military Specification MIL-C-15305. In addition, periodic
samples are subjected to other torture tests: El Mechanical Shock —
18 shocks at 100g force O Vibration — 12 hours to 20g force Li Humidity —
10 days to 98% R.H. ETerminal Strength — Pull and Twist U Immersion —
Cyclic U Load Life — 2000 hours at elevated temperature. Performance
characteristics hold the line.
We are proud that we can't make 'em fail. Our failure is your
assurance of reliability. Any better reasoh for specifying
Delevan inductors?

The 325PAH series of high-power
scRs consists of six units designed to
function at junction temperatures as
high as 150 °C. The six units have a
nominal root-mean-square current
rating of 510 A, an average-current
rating of 325 A, and peak-reversevoltage ratings from 500 to 1,200 V.
They are housed in compact hockeypuck packages with a diameter of
1.6 inches.
The 325PAH devices are suitable
for phase-control applications such
as dc motor drives, power supplies,
and input rectifiers for uninterruptible power supplies. In quantities of
100, they cost from $44.85 to
$87.65, depending upon voltage rating and other specifications. Delivery is from stock to approximately
four weeks.
International Rectifier, Semiconductor Division, 233 Kansas St., El Segundo, Calif.
90245. Phone (213) 322-3331 [417]

Our Environmental Test Laboratory is sanctioned by DESC
with electro /mechanical equipment calibrated and certified
under MIL-C-45662. This service is available to you.
Ask us about our repair and calibration service
of Boonton Q Meters, Model 260.
INDUCTIVE COMPONENTS —CLUTCH AND BRAKES
FOR ELECTRONIC AND AEROSPACE INDUSTRIES

Delevan
Division

AMERICAN
PRECISION
INDUSTRIES INC

270 QUAKER RD./EAST AURORA, N.Y. 14052
TELEPHONE 718/652-3600

TELEX 091-293

Other Divisions
Basco •Dustex •A.P.I. of Tennessee •API (U.K.) Ltd.
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The Complete Solution
to your F3870 and F8
Design-In Problems
The Formulator Development
System

processor from the Formulator to the
40-pin socket on your breadboard.
This allows complete ROM firmware
development, real-time symbolic
debugging of your breadboard and
freezing of ROM codes during the
breadboard stage.

PROM Prototypes
The
Formulator
family is designed to allow easy,
efficient software development and
real time hardware simulation of F8 or
F3870 based systems. It is supported
by a complete line of functional
modules including memory, I/O and
simulation cards that plug directly into
the Formulator cardframe.
The Formulator can, itself, be used
as the system breadboard. It provides
microprocessor hardware, plus card
slots for breadboarding your system.
Thus the entire system may reside
within the Formulator or in acombination of external and internal configurations.

In-Circuit Emulation
To develop, test and debug F8 and
F3870 based products, Fairchild offers
simulation options that extend the
functional .
features of the micro-

The 3870 Emulator is aPROM-based
substitute for the F3870 microprocessor.
The Emulator measures 5" x 7" and
contains two 2708 or 2716 EROMs
in place of the F3870 so ROM codés
can be verified and easily changed
if necessary.

The Formulator-Floppy Disk
Marriage
An inexpensive plug-in
module interfaces the
Formulator with up to
four plug-compatible
ICOM Floppy Disc
Drives, providing
over one megabyte
of storage. If you
prefer other Floppies
an application note
provides the information
necessary to modify Drivers for
your system.

And That Isn't All
There is alot more to Fairchild's line
of design aids: PCB modules, memory
options, PROM programmer, application and peripheral options, design
kits, one card microcomputers, software, user's guides
and training courses.
The
F3870
Emulator plugs directly
into the F3870 40-pin socket in the
production prototype via ashort cable.

Powerful and Complete
Software
The software consists of an operating
system, utility programs and diagnostic
routines; amonitor, text editor, assembler and debug package. It includes
linking loader and relocating assembler
and will operate in interactive or batch
mode. The result is an easy to use,
reliable, fast and extremely efficient
capability for microprocessor based
system development.

No one
offers the
extensive F8 and F3870 support that
you can get from Fairchild. Just ask
us about it.
Fairchild Instrumentation and
Controls, adivision of Fairchild Camera
and Instrument Corp., 1725Technology
Drive, San Jose, California 95110
(408) 998-0123, Ext. 220.

*See
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TI
Distributors

New products
Instruments

DMMs come
with programs
Microprocessor-based
multimeters offer
range of capabilities
Two more digital multimeters that
take advantage of microprocessors
for a wide range of processing capabilities provide the user with more
meaningful information than simply
measurements. The instruments, the
51/2-digit model 7055 and the
61
/-digit 7065 measure dc and ac
2
(mean reading displayed as rms)
voltage with 1-µv sensitivity, as well
as resistance, and display results on
light-emitting-diode readouts. These
instruments from Guildline Instruments join similar microprocessorbased DMMS in the high-end market.
The 7055 and 7065 can call upon
eight stored programs for manipulation of measured data. Programs can
do the following:
• Multiply each reading by a constant entered at the keyboard.
• Calculate percentage deviation
from a keyboard-entered nominal
value.

• Subtract a preset offset value
from each reading.
• Calculate ratio with respect to a
preset constant.
• Store maximum and minimum
values of aseries of readings.
• Compare readings with preset
high and low limits.
• Calculate various statistical properties, such as average value, variance, standard deviation, and root
mean square.
• Calculate correction factors for
measurements using a thermocouple
with known characteristics.
A ninth program uses the internal
clock to allow automatic control of
measurements, such as starting and
stopping times and intervals between
measurements. This feature is useful
for unattended measurements that
must be made over a long period-a
weekend, for example.
The instruments also have three
types of interfaces for systems use:
binary or binary-coded decimal,
RS-232-C, and IEEE-488 standard
interface bus.
Full-scale ranges for dc voltages
are 0.020000 to 1,000.00 y for the
7055 and 0.014000 to 1,100.000 v
for the 7065. Accuracies for one year
for the 7055 on the two lowest dc
voltage ranges are to within 0.1% of
reading ±4 digits and to within
0.01% of reading ± 2 digits on the
four upper ranges. For the 7065,

ALABAMA: Huntsville. Hall-Mark/Huntsville (205) 837-8700.
ARIZONA: Phoenix, KieruIff Electronics (602) 243-4101. R. V. Weatherford (6021 272-7144. Tempe, Marshall Industries 16021968.6181
CALIFORNIA: Anaheim. R V. Weathedord (714) 634-9600, Canoga
Park. Marshall Industries (213) 999-5001, El Morde, Marshall Industries
(213) 686-0141. El Segundo. T1 Supply (213)973-2571. Glendale, R. V.
Weatherford (2131 849-3451. Goleta. RPS. Inc (805) 964-6823: Irvine.
Cramer/Los Angeles (714) 979-3000. (2131 771-8300. Marshall Industries 17141 556-6400: Los Angeles, Kierullf Electronics 1213) 685-5511:
PPS Inc (213) 748-1271. Palo Alto, Kierulff Electronics (415)968-6292.
Pomona. R V. Weatherford (714) 623-1261, San Diego, Cramer/San
Diego 17141 565-1881. KieruIll Electronics (714) 278-2112. Marshall
Industries 1714) 278-6350: RPS Inc. (714) 292-5611. R. V. Weatherlord
(714) 278-7400, Sunnyvale, Cramer/San Francisco 1408) 739-3011:
Marshall Industries (408) 732-1100. T1 Supply 1408) 732-5555, United
Components Inc. (408) 737.7474, Tustin, Kierulff Electronics (714)
731-5711: Woodland Hills, JACO (213) 884-4560.
COLORADO: Denver, Cramer/Denver (303) 758.2100, Kierulfl Electronics
(3031 371-6500: Englewood. R V. Weatherford 1303) 761-5432
CONNECTICUT: Hamden. Arrow Electronics (2031 248-3801. TI Supply
1203) 281-4669. Wilshire Electronics (2031 281-1166. North Haven,
Cramer/Connecticut 1203) 239-5641. Orange. Milgray/Connecticul (203)
75
F
9
L0.E101
7
0
1
8
4:
-Clearwater. DiplomaUSouthland (813) 443-4514. Ft. Lauder.
dale. Arrow Electronics 13051 776-7790. Hall-Marli/Miami (3051 97 19280. Hollywood. Cramer/Hollywood (305) 921-7878, Orlando. Cramer/
Orlando (305) 894-1511, Hall-Mark/Orlando 1305) 855-4020, Palm Bay.
Arrow Electronics 0051 725-1480, Winter Part. Milgray Electronics
(305) 647-5747

GEORGIA: Doraville, Arrow Electronics (404) 455-4054. Norcross,
Cramer/Atlanta 1404) 448.9050.
ILLINOIS: Arlington Heights, TI Supply (312) 640-2964, Elk Grove.
Hall-Mark/Chicago 13121 437-8800: Kierulff Electronics 13121 640-0200:
Chicago, Newark Electronics 13121 638-4411, Mt. Prospect, Cramer/
Chicago (312) 593.8230
INDIANA: Ft. Wayne, Fl Wayne Electronics (219)423-3422. Indianapolis.
Graham Electronrcs 1317) 634-8202
IOWA: Cedar Rapids, Demo (3191 365-7551.
KANSAS: Shawnee Mission. Hall-Mark/Kansas City 1913) 888-4747
MASSACHUSETTS: Billerica, Kierulff Electronics (617) 667-8331,
Burlington. Wilshire Electronics 1617) 272-8200, Newlon, Cramer/
Newton t
617) 969-7700. Waltham. TI Supply 1617) 890-0510. Woburn.
Arrow Electronics (6171933-8130.
MARYLAND: Baltimore, Arrow Electronics (2021 737-1700- 13011 247 5200. Hall-Mark/Baltimore 1301) 796-9300: Columbia, Technic° (301)
461.2200. Gaithersburg. Cramer/Washington (301) 948-0110, Kierulff
Electronics
1
E1e9c
I
2
ro2n
2i
2s
. 13011 948-0250. Hyattsville. Milgray/Washinglon (301)
5
MICHIGAN: Ann Arbor, Arrow Electronics 13131 971-8220. Detroit.
Newark Electronics /313) 967-0600. Grand Rapids. Newark Electronics
(616) 241-6681
MINNESOTA: Bloomington, Arrow Electronics 16121 887-6400. Edina.
Cramer/Minnesota (6121 835.7811
MISSOURI: Earth City. Hall-Mark/St Louis (3141 291-5350. Kansas
City, LCOMP.Kansas City (816) 221-2400. St. Louis. LCOMP-SI Louis
(3141 291-6200.
NEW HAMPSHIRE: Manchester, Arrow Electronics (6031 668-6968
NEW JERSEY: Camden, General Radio Supply 16091 964-8560. Cherry
Hill. Cramer/Pennsylvania (215) 923-5950. 1609) 424-5993: Milgray/
Delaware Valley 1609) 424-1300, 12151 228-2000. Clark. TI Supply 1201)
382-6400, Clifton. Wilshire Electronics 1201) 340-1900. Fairfield. KieruIll
Electronics 12011 575-6750. Little Falls. Cramer/New Jersey (201)
785-4300. Moorestown. Arrow Electronics (609) 235-1900, Saddlebrook. Arrow Electronics 1201) 797.5800
NEW MEXICO: Albuquerque. Cramer/New Mexico (5051 243.4566.
International Electronics 1505) 265-6453
NEW YORK: East Syracuse. Cramer/Syracuse (315) 437-6671. Endwell,
Wilshire Electronics 1607) 754-1570. Farmingdale. Arrow Electronics
(5161 694-6800. Hicksville, Kierullt Electronics t516) 433-5530. Freeport. Milgray Electronics 15161 546-6000. N.J 18001 645-3986. Hawpauge. Cramer/Long Island (516) 231-5600. JACO 1516) 273-1234.
Rochester. Cramer/Rochester (7161 275-0300. Rochester Radio Supply
/7161454-7800. Wilshire Electronics 17161442-9560
NORTH CAROLINA: Kemersville. Arrow Electronics (919) 966-2039.
Raleigh. Hall-Mark/Raleigh 1919) 832.4465. Winston-Salem, Cramer/
Winston-Salem t919) 725.8711
OHIO: Cleveland. Arrow Electronics 1216, 464-2000. Cramer/Cleveland
12161 248-8400. Columbus. Hall-Marli/Ohice (614) 846-1882: Dayton.
ESCO Electronics 15131 226-1133. Kettering. Arrow Electronics 15131
253.9176
OKLAHOMA: Tulsa, Hall-Mark/Tulsa 19181 835-8458. TI Supply 19181
582-8272.
PENNSYLVANIA: Huntingdon Valley. Hall-Mark/Philadelphia (215)
355-7300
TEXAS: Austin. Hall-Mark/Austin 1512) 837-2814. Dallas. Hall-Mark/
Dallas (214) 234-7400; T1 Supply (214) 238-6821. El Paso, International
Electronics. 1915) 778-9761, Houston. Hall-Mark/Houston 17131 7816100, Harrison Equipment (713) 652-4700. TI Supply 1713) 776-6511.
R V Weatherford 1713) 688-7406.
UTAH: Salt Lake City. Diplomat/Altaland (801) 486-4134. Standard
Supply 1801) 486-3371
VIRGINIA: Roanoke. Technic° (7031 563-4975.
WASHINGTON: Seattle, Almac/Stroum Electronics (206) 763-2300.
Cramer/Seattle (206) 575.0907. Kierullt Electronics 12061 575-4420
WISCONSIN: Brookfield. Newark Electronics (414) 781-2450. Oak Creek.
Arrow Electronics (4141 764-6600. West Allis. Hall-Mark/Milwaukee
(4141476-1270
CANADA: Calgary. Cam Gard Supply 1403) 287.0520. Downsview,
CESCO Electronics 1416) 661-0220: Zentromcs 1416) 635-2822, Edmonton, Cam Gard Supply 14031 426-1805. Halifax, Cam Gara Supply 19021
454-8581. Kamloops, Cam Gard Supply (604) 372-3338, Moncton. Cam
Gard Supply (5061 855-2200: Montreal, CESCO Electronics (5141 7355511. Future Electronics 1514) 735-5775. Zentromcs (514) 735-5361:
Ottawa. CESCO Electronics 1013) 729.6411. Future Electronics (613)
232.7757. Zentronics (6131 238-6411. Quebec City. CESCO Electronics
(4181 524.4641. Regina, Cam Gard Supply (306) 525-1317. Rexdate,
Future Electronics (416) 677-7820. Saskatoon. Cam Gard Supply 130E4
652-6424. Vancouver, Cam Gard Supply 16041 291-1441, Waterloo.
Zentronics (519)884-5700. Winnipeg. Cam Gard Supply 1204) 786-8481.
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Now more OEM }IP modules from TI:
16-bit performance at 8-bit prices.
Compare TI's series of TM 990
microcomputer modules. Here's 16bit performance at acost less than
8hits.
And 16-bit performance means
increased throughput. Programming ease. Improved memory
efficiency. All leading to greater
system savings.
Use these new modules for
evaluation. And as a production
alternative. To speed your microprocessor-based design to market.
To minimize design costs.
Leadership series
Included in the TM 990 Series are:
•TM 990/100M — TI's TMS 9900
/LP, I/O circuits, and memory— all
on asingle board. $450.00*.
•TM 990/180M— 16-bit TMS 9980
2 MHz operation with
8-bit data bus. $435.00*.

Poffers

•TM 990/201 — Memory expansion board: 8K bytes of EPROM,
4K bytes of static RAM. Expandable to 32K bytes of EPROM and
16K bytes of RAM. $595.00*.
•TM 990/206 — Memory expansion board with 8K bytes of RAM.
Expandable to 16K bytes. $585.00*.
•TM 990/301— Microterminal for
data entry and display. $125.00*.
•TM 990/310— a48-bit input/output expansion module. $295.00*.
•TM 990/401—Interactive debug
monitor (TIBLIG") preprogrammed into CPU EPROM.
$100.00*.
•TM 990/402—Line-by-Iine assembler preprogrammed into the
EPROM. $100.00*.
•TM 990/510 —Four-slot OEM
chassis on 1" spacing. $190.00*.

•Cables, connectors, extender
and prototyping boards are also
available.
And even more modules will be
available soon.
All are preassembled. Pretested.
Ready to go. Supported by easy-touse software.
9900 First Family compatibility.
The TM 990 modules are also supported by the advanced AMPLrm
software development system.
And all are instruction-set compatible with other members of TI's
9900 First Family.
For more details, call your authorized T/ distributor. Or write Texas
Instruments Incorporated, P. 0. Box 1443,
M/S 653, Houston,
Texas 77001.
*One to nine quantity

TEXAS I
NSTRUM ENTS
© 1977 Texas Instruments Incorporated

INCORPORAlED

9333C

Circle 173 on reader service card

New products
accuracy on the four lowest de
voltage ranges is to within 0.006% of
reading ±4 digits and to within
0.006% of reading ±6digits on the
two highest ranges.
Price of the basic 7055 is $2,995;
for the 7065, $3,995.
Guildline Instruments Inc., 2 Westchester
Plaza, Elmsford, N. Y. 10523. Phone (914)
592-9101 [351]

prescaler input for frequencies from
75 to 1,000 MHz. The nine-digit
instrument has a maximum sensidirectly to 100 MHz
tivity of 20 my rms. Designated the
DC 508, the counter has many
The latest addition to Tektronix' TM features which suit it well for
500 series of modular instruments is making measurements in communia1
-GHz frequency counter with a cations systems, including the newly
direct input connection for frequen- opened 806-to-947-MHz two-way
cies from 10 Hz to 100 MHz and a band. Among them is a 100-times
resolution multiplier that can make
measurements on audio signals to a
resolution of 10 millihertz in 1

1-GHz counter counts

Emergency beauty
treatments.
second. Conventional counters require 100 seconds to reach the same
resolution. The added measurement
speed can be very important when
measuring tone-squelch and frequency-shift-keying frequencies.
Other features include automatic
gain control and wideband limiting
on the prescaler input resulting in a
dynamic range of 20 mv to 2y rms.
There are also an easily replaced
input-protection fuse and aselection
of time bases. The DC 508 sells for
$1,100, not counting a TM 500
system mainframe. Delivery time is
nine weeks.
Tektronix Inc.. P. O. Box 500, Beaverton,
Ore. 97077. Phone (503) 644-0161 [353]

Awide range of over 80 different kinds of our smartest, trimmest cabinets, small cases, desks and vertical cabinets are already
packed in shipping cartons waiting for you to call (404) 939-6340
right now.
It's Optima In-Stock Service. Which proves when you have to
satisfy customers in ahurry, so can we. Send for our catalog.

We make you look better...faster.

OPTIMA
Scientific-Atlanta
2166 Mountain Industrial Blvd.. Tucker. Ga. 30084 •Tel: (404) 939-6340
Europe: McKettrick-Agnew. Macmerry. East Lothian.
Scotland. EH33 1EX •Telex: 72623.
174
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Thermometer spans 255 °C
with maximum error of 3°C
Combine a measurement range of
—55°C to 200°C with the capability
to read in both °F and °C, add a
maximum error of 3°C (including
the ± 1-digit uncertainty), pack the
resulting thermometer into a compact logic-probe-type case, and you
have an instrument that many
people would value at more than its
$215 price. The LTS 33T is a 31
/2
digit thermometer that operates

Electronics/March 16, 1978

If it involves wire, involve Belden. Up
front. We can give you comprehensive
help in problem solving. Custom designs.
Field engineering.
And value analysis.
If you're involved in new product design,
send for your "Big Lift" today. Belden
Corporation, Electronic Division, P.O. Box
1327, Richmond, IN 47374; 317-966-6661.

BELDEN
Circle 175 on reader service card

Coming through..1
©1977 Belden Corporation
8-13-7

with new ideas for moving electrical energy

New products

from rechargeable nickel-cadmium
batteries and can also make use of
the ac line while the batteries are
recharging. Although it may be off
by as much as 3°C over its full
temperature range, the maximum
error is reduced to 1°C for temperatures between 0°C and 100°C. (All
accuracy specifications are for an
instrument temperature of 23°C
±3 °C.)
A variety of interchangeable plugin sensor tips is available for the
33T. Among them are surface
probes, immersion units, air-temperature detectors, corrosion-resistant
units, and piercing probes. The 33T
is warranted for one year.
Logical Technical Services Corp., 71 West

One more proof...
Rotron has a way
with air.

23rd St., New York, N. Y.

10010. Phone

(212) 741-8340 [354]

Six-channel chart
recorder loads instantly

Here's anew kind of versatility...in abasic motor and
mounting strut unit that accepts anumber of different Rotron
air impellers, that fits into your owr designed-in air
passageways.

Because its chart paper is preloaded
into a cartridge, which is simply
snapped in place, the model W602
XL chart recorder can be loaded
with paper in essentially no time at
all. Recommended for medical, aerial geophysical exploration, pollution

III allows various volume to pressure relationships
proviaes for axial, radial, or centraxial flow patterns
requires an absolute minimum of space
CI can reduce airmover costs significantly

,euripse&,11)
ex‘Nb..

E from the world's leading developer of precision air moving
devices
Look irto the Scout. See what can happen when you design
one of its many versions into your own system. With the help,
if required, of the most experienced application engineers in
the business. Call or write now for more complete information.
ROTRON INC.
EGL.

ROTRON

Woodstock. N Y 12498 O 914 •579-2401

TWX 510-247-9033

Grove Cal 926e , • 7,1.898 5W. 0 l0e E.V. Ocelereoul IVelnerldnes. Tel 01620-12920, Telex NL 74174
3537
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Most graphics terminals
are too dumb for words.
Even expensive models get
tongue-tied when it comes to alphanumerics. But now there's abright
new graphics terminal that has alot
to say for itself.

Alpha-graphics:
the perfect
combination.

baud. And accept aplug-in forms
drawing mode to generate just about
any form your company uses.

ailialIMMIW

How smart

It's the Hewlett-Packard 2648A
is smart?
alpha-graphics terminal. For just
Ever seen a graphics terminal
$5500? it will dazzle you with a scroll 200 lines of interactive dialogue? And store up to 220K bytes of
data (words and pictures) on twin
cartridges? And cut out repetitive
routines by storing up to 80 characters on each of eight "soft keys"?
The HP 2648A can also edit
with the best of them. Communicate
with acomputer at rates up to 9600
virtuoso display. You'll see
zoom and pan, area shading,
pattern definition, rubber
band line, scientific plotting
and graphics text composition. Having independent
memories for graphics and
alphanumerics, you can do
auto-plots with or without
words and figures on the
screen.
And when you need a
smart alphanumeric terminal for on or off-line work,
stay right where you are.

¡rue immoriab
Oa

al*

Yes, give me the good words
(and pictures) on the
HP 2648A terminal.

D I'd like ademonstration. El
Name

Send me information.

anikte_nma'maramm
i
-.4—
mumigainnis

Strong
as well as
intelligent.
Like all our terminals, the
HP 2648A has aclean, tough, modular design. Open it up like asuitcase,
and you'll see the neat row of plug-in
PC boards.
That makes it easy to add options or take care of maintenance. Not that downtime
is aproblem. Our terminals
have such agood track record
that we've lowered our maintenance price three times in
the past two years. When you
do need service, more than
1000 Systems and Customer
Engineers worldwide are
ready to take care of you.
So why settle for any dumb
graphics terminal when ours
can figure in your picture?
See for yourself by calling
the Hewlett-Packard office
listed in the White Pages. Or
send us the coupon and give
our 2648A alpha-graphics
terminal ascreen test.

*US. domestic price

Title

Company
Address
City/State/Zip

HEWLETT ilk PACKARD

Phone
Mail to: Ed Hayes, Marketing Manager,
Hewlett-Packard Data Terminals Division,
19400 Homestead Road, Dept. 614, Cupertino CA 95014.

4280 I
HPT5
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United Systems'
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.

New products
control, utility, aerospace, electronic
laboratory, and industrial applications, the six-channel instrument
uses heat-sensitive paper for inkless
writing. Each of its channels is 50
mm wide and uses a position-feedback galvanometer for an overall
error of no more than 0.5% of full
scale and a frequency response that
remains flat from dc to 100 Hz at a
peak-to-peak amplitude of 10 mm.
Sensitivity of the unit is 10 v/mm.
The W602 XL sells for $2,650 and
has a delivery time of 45 days, the
company says.
Astro-Med, Atlan-Tol Industrial Park, West
Warwick, R. I. 02893. Phone (401) 828-4000
[355]

Two-channel filter spans
0.01 Hz to 99.9 kHz
The model 3343 two-channel filter is
digitally tuned over the frequency
range from 0.01 Hz to 99.9 kHz.
Each of its channels can operate in
either a low-pass or a high-pass
mode, and each has a slope of 48 dB
per octave. When both channels are
operated in the same mode and set to
the same cutoff frequency, they can
be cascaded to yield aslope of 96 dB
per octave.
The 3343 consists essentially of
two eighth-order Butterworth active
filters. A front-panel switch allows
the user to change them from maximally flat response to a response

e.
1111111112...c=111111

Digirec.

UnITED
SYSTEMS
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•
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optimized for filtering transients.
Switch tuning permits cutoff-frequency calibration to within 2%
accuracy and three-digit resolution.
The filter sells for $2,000 and has a
delivery time of 30 days.
Krohn-Hite

Corp.,

Avon

Industrial

Park,

Bodwell Street, Avon, Mass. 02322. Phone

United Systems Corp: Precision measurements to count on
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Information only circle #178
Demonstration only circle #253

Ernie Lutfy at (617) 580-1660 [356]
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Your choice...

Any Bandwidth

surface acoustic wavt

MODEM
FILTERS

O'TELEDYNE VIEC
3155 ?orter Drive
Polo Alto, CA 94304
Phone (415) 493-1770
TLUX 910-373-1746

Regional offices:
Dayton, OH (513) 253-8144 •Stamford, CT (203) 325-2535 Bethesda, MD (301) 530-2220 •Belgium (02) 673.99.88, Telex 25881 TDYBEL B
Other field offices around the world.
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New products
Subassemblies

Track-and-hold
does it fast
Self-contained hybrid unit
has 100-ns acquisition time
and only 5-µV/ets droop rate
Offering both speed and accuracy in
aminiature hybrid package, atrackand-hold amplifier from Computer
Labs operates with an acquisition
time of only 100 ns yet holds droop
rate to alow 5µvie. Designated the
HTC-0300, the new hybrid is
intended for a wide range of signalprocessing applications, including
waveform measurement, analog signal delay and storage, and signal
sampling.
It may be operated in either the
track-and-hold or sample-and-hold
mode. In the former, it tracks the
input signal until it receives a hold
command. During the tracking period, the output follows the input, and
the device functions as an operational amplifier having again of — 1.
In the latter mode, the HTC-0300
normally operates in the hold condition. To obtain anew sample at the

180

output, the user simply applies a
very short sample pulse, typically
100 to 300 ns, to the device's holdcommand input.
The most common use for atrackand-hold amplifier is in front of an
analog-to-digital converter to permit
the digitization of signals having
bandwidths larger than the converter
alone can handle and also to reduce
the aperture time of the system to
that of the track-and-hold. Other
uses are in peak holding functions
and simultaneous sampling a-d converters (with appropriate analog
multiplexing).
The HTC-0300 has an aperture
time of only 100 ps, a wide input
dynamic range of ± 10 1/, and a
broad bandwidth of 10 MHZ. It
samples at arate of 5mHz and slews
at arate of 300 vile. Nonlinearity is
held to only 0.005%, and output
noise to 0.1 my rms. At 500 kHz,
harmonic distortion is down 75 de,
while feedthrough rejection is 75 de
from dc to 2.5 MHz. (During the
hold period, high feedthrough rejection prevents input-to-output leakage from occurring.)
Completely self-contained, the
unit even includes its own hold
capacitor and does not require external trimming potentiometers and
compensation devices. Active laser
trimming at the factory reduces the

unit's pedestal voltage (the offset
during the hold period) to only 5mv.
Internal frequency-compensating elements provide stability and optimize the frequency response of the
internal high-speed op amp.
Furthermore, with its output of
±50 mA at ±10 y and an output
impedance of only 0.1
at dc, the
HTC-0300 delivers high drive capability. These specifications mean
that the device can drive virtually all
types of a-d converters directly.
Three supply voltages— ± 15 v at
18 MA and +5 y at 16 MA—are
required but power consumption is
just 620 mw. The unit comes in a
glass or metal 24-pin dual in-line
package. Its operating temperature
range is 0°C to 70°C, although
ruggedized versions having an extended operating temperature range
are also available.
In quantities of one to nine, the
HIC -0300 sells for $149 each.
Delivery is from stock to four weeks.
Computer Labs Inc., 505 Edwardia Drive,
Greensboro, N. C. 27409 Phone (919) 2926427 [381]

150-watt power supply
stands only 1.75 inch high
The DS151 switching power supply
has a height of 1.75 inches yet can
deliver 150 w of regulated dc. Three
models are currently available: 5 y
at 30 A, 12 vat 12 A, and 15 vat 10
A. All provide regulation to within
0.1%, operate with input voltages
from 100 to 130 y ac, and have a
typical efficiency of 75%. The supplies, which are 11.25 in. long and 5
in. wide, weigh only 3.5 lbs and
occupy 90 cubic in.
Because they are aimed primarily
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INTRODUCING
THE BENDDI
PORTABLE MODULE TESTER
Now automatic, on-thespot module testing is on
the way.
Here's anew way to test
anything

from

Highly trained operators are not needed. Programming procedures are so easy to pick up.
And an interactive display system makes

a printed

operation easier still. Test systems are stored on

circuit board to acomplex

solid-state cards, providing reusable data
memory.

logic system. And you can
do it on the job.
Our new portable unit
weighs just 30 pounds and has no moving parts.
Yet

control operations in mass production plants.

it does everything that stationary digital

cabinet-type units can. It eliminates downtime

The Basic Bendix unit is capable of testing
cards to 64 pins and has the capacity to expand to 256. Additional options are available
including:

while modules are tested away from the job site.

• Fault Isolation Testing
• Digital Voltmeter/Frequency Counter

Does away with trial-and-error testing and un-

• Teletype Interface and Advanced Software Aids.

warranted returns, too.
You can take it on board planes or ships, to
hospitals, to labs, to computers or communications equipment, and to sophisticated quality-

For more information, contact: Bendix Corporation, Test Systems Division, Teterboro, N.J.
07608. Or call (201) 288-2000,
extension 1789.
Circle

181

9070 MODULE TESTER

on reader service card

New products
at applications involving volatile and
nonvolatile memories, the DS151
series units all include a power-fail
signal as a standard feature. With
this feature, should a power failure
of a half cycle occur, a warning
signal compatible with transistortransistor-logic circuitry is produced.
The system designer can set up his
system to transfer data from volatile
working memories to nonvolatile
storage devices upon receipt of this
power-fail warning. The power
supply will continue to deliver energy to the system during the transfer
period—usually just a few milliseconds long.
Prototype quantities of the DS151
units sell for $289 and have a
delivery time of two to three weeks.
In large quantities (1,000 or more),
the price drops to $194. An export
series, designated the DS153, is also
available for operation from 220 to
230 vac.

NORTH ATLANTIC

e

l
%

Angle Position Indicators

Digital Power Corp., 2060 The Alameda, San
Jose, Calif. 95126. Phone Robert J. Fain at
(408) 246-4337 [383]

D-a converters offer

with LSI and 48 hour burn-in

16-bit resolution

•high reliability

Supplied complete with a reference
source and an output operational
amplifier, the DAC-HP series of
digital-to-analog converters consists
of hybrid units with 16-bit resolution. Housed in 24-pin ceramic dual
in-line packages, the thin-film circuits has a maximum temperature
coefficient of gain of 15 ppm/ °C.
Two basic models are available: the
DAC-HP16B 16-bit binary unit and

•simplified circuitry

the Same Accuracy at One-Half the Cost
Model 8800
0.005° accuracy, 51/2 digits
Small-size, remotely
programmable
Synchro and/or resolver —
auto line/line select
2channel
IEEE Interface (optional)
for ATE

Model 8300
.01° Resolution
Lazy Eight Ambiguity
Indicator
Programmable for Synchro
or Resolver and Line-Line
Voltage
2channel

CALL OR WRITE FOR
COMPLETE SPECIFICATIONS

NOR- 'I' I--I

_A.

I•T TIC

industries, inc.
200 TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803
cable: noatlantic /twx: 510-221-1879 /phone: (516) 881-8600
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Trace quality.

GOULD! Brush Recorders
have it.
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Regardless of pen velocity.
The exclusive GOULD pressurized fluid writing system assures
you constant width traces
regardless of pen velocity. The
ink is injected into the paper and
is wiped dry instantly by the high
pen pressure seal. In combination

with GOULD low cost chart
paper, your traces are permanent.
They won't fade or deteriorate
as do other writing methods.
An event that may only occur
once demands the highest trace
quality you can buy .... GOULD.

For brochure, call Gould toll-free at (800) 325-6400, Ext. 77.
In Missouri: (800) 342-6600

For more information write Gould
Inc., Instrument Systems Division,
3631 Perkins Ave., Cleveland,
Ohio 44114. Or Gould Allco S.A.,
57 rue St. Sauveur, 91160
Ballainvilliers, France.

-> mum

The produc7 developmelt company
Electronics/March 16, 1978
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Line Printer Interface. .
from

1111113

New products

For these computers:

the DAC-HP16D four-digit binary-

LSI-11 • PDP*-11 • PDP-8
Data General • Interdata • Hewlett-Packard

coded-decimal version. The former
has a maximum nonlinearity error of

To: Centronics • DEC LA180 • Data Printer

0.003%; the latter can be off by as
much as 0.005%. Over the range

Data Products • Data 100 • Printronix • CDC Tally

from 10 °C to 40 °C, the binary
converter is monotonic only to 14

Diablo 2300 • GE TerminNet* • Houston Instruments
and other popular printers

When it comes to Line Printer interface, MDB has it:
I' Low-cost
trollers

line

printer

con-

Completely software transparent to host computers
Runs host computer diagnostics
Long-line operation features
The variety of MDB line printer
controllers offers user flexibility in
line printer selection with no change
in host system software. Each controller is a single printed circuit
board requiring one chassis slot and
is complete with a standard fifteen
foot cable. Just plug in the MDB
module and connect your printer.
Transparent to the host computer,
the MDB controller is completely
compatible with diagnostics, drivers
and operating systems. Operation
and programming are exactly as
described by the host computer
manufacturer.
More than three dozen computerto printer controller combinations
are now available from MDB. In add i-

bits, whereas the BCD unit is monotonic to the full 16 bits.
In quantities of 1 to 24, units

tion, printers which emulate the
Centronics, Data Products, or Data
Printer interface specifications are
fully compatible with MDB line
printer controllers.
A long-line parallel operation option is available for many printers
permitting full speed operation up to
3000 feet.
MDB interface products always
equal or exceed the host manufacturer's specifications and performance for a similar interface. MDB
products are competitively priced,
delivery is 14 days ARO or sooner.
MDB places an unconditional one
year warranty on its controllers and
tested products. Replacement
boards are shipped by air within
twenty-four hours of notification.
Our service policy is exchange and
return.
MDB also supplies other peripheral device controllers, GP logic
modules, systems modules and
communications/terminal modules
for the computers listed above. Product literature kits are complete
with pricing.
1995 N. Batavia Street
Orange, California 92665
714-998-6900
SYSTEMS INC. TWX:910-593-1339
ni
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111 IF!
dill
1
,
Ig

111

1
1 1

;I
1111

R.
:;
I
!lnt

11

I

rated for operation from 0°C to 70 °C
sell for $119. Those rated from
—25 °C to +85 °C go for $149, and
the

top-of-the-line

devices,

which

cover —55 °C to +125 °C, command
$199 each. High-reliability versions,
screened to MIL-STD-883, level B,
are also available.
Datel Systems Inc.,

1020 Turnpike St.,

Canton, Mass. 02021. Phone Eugene L.
Murphy at (617) 828-8000 [384]

TOPICS
Subassemblies
Deltron Inc., North Wales, Pa.,
announces that its QPS series of
open-frame power supplies has
been granted UL 478 recognition.
The low-profile supplies need no
external heat sinking. ...Also
recently recognized under UL 478
are eight single- and multipleoutput supplies from LH Research Inc., Irvine, Calif. The
supplies, all of which are switchers, have power ratings from 375
to 750 W. ...TRW/IRC Resistors, Corpus Christi, Texas, has
qualified a 14-lead flat-pack precision resistor network to MIL-R83401, style RZ030. Construction
features include tantalum-nitride
elements on alumina with goldbonded terminations. Standard
resistance values range from
150 t to 51 ka ...HewlettPackard Co., Palo Alto, Calif.,
has developed a cathode-ray
tube with a minimum brightness
of 500 candelas per square meter
(about 150 foot-lamberts). Available as an option in the company's model 1332A randomplotting CRT display, the tube
offers about three times the
brightness of earlier units. The
high-brightness option adds $75
to the basic display price of
$1,400.

•POP TM Digital Equipment Corp.
TerminNet TM General Electric Co.
Circle

184
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for LSI:

106

for PDP:

107

for DG:

108

for Interdata:

184

for HP.
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No more
square tails
in round holes.
Introducing
the wave solder PC connector.
What an electronic design engineer will make-do with in a pinch is
astonishing. For example — converting
wire wrap* PC connectors to wave
solder
.057 round
hole

At last —The obvious answer
042 hole

026 round contact

So what?

.025 square contact

continuous
solder
connection

four
solder points

Our own design engineers, not
afraid of doing the obvious and simple
thing, have done just That. They've
taken aseries of our PC wire wrap connectors — and given them .026" round
tails. Everything else stays the same:
the insulator, semi-bellows contacts,
pin and row spacing.

min.

How it's done: you saw off the
square .025" tail and push it through a
.057" round hole in the PC board. You
get only 4 contacT points for solder
And there's room for only one tracing
between holes. But, so what... it works.

So — the .026" round pin slips into a
.042" round hole in your PC board for
an excellent solder connection. So
— you can now get multiple tracings
between rows.
We have two tail lengths: a .200"
short one and a .250" longer one to
take the AS400 Solderpak** System.
These are available in connectors
with contacts on .100", .125" and .156"
centers, and in layouts from 6 to 50
positions.
Use our coupon and we'll send
you all the details.

r

There 's more. There are some things we haven't told you — including
materials and other details you need to know Ask us for the literature.

NAME
TITLE

TELEPHONE

EXT

COMPANY
ADDRESS
CITY

STATE

ZIP

•••

CONNECTORS

Viking Industries, Inc./21001 Nordhoff Street, Chatsworth/CA 91311 U.S.A.
(213) 341-43 30/TWX: 910-494-2094
'A registered trademark of the Gardner-Denver Company.
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•• A registered trademark of the Raychem Corporation.
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LSI-11/2 HELPS INSTRUMENT MAKER ENTER
NEW MARKET.

A major east coast electronics manufacturer, never
before in the in-circuit testing business, has designed an
in-circuit/functional tester based upon Digital's LSI-11/2.
The tester will diagnose electrical component, interconnection, value and tolerance faults for printed circuit
boards in consumer, automotive and telecommunication applications.
Why the LSI-11/2? Because it offers automatic ROM
bootstrap loading, power up/down protection, and a
32K X16 memory. Check the box.

LIMITED TIME SALE SLASHES
LSI-11 MEMORY PRICES 57%.

A special sale, aimed at the
owners of the more than 20,000
LSI-11 microcomputers already
sold, slashes the price of the
MSV11-B 4K X 16 Dynamic MOS
RAM from $625 to $270—a
reduction of 57%!
The offer is first come, first
served on existing inventories
in Marlboro, Mass. and expires
May 26, 1978. Sale prices are
subject to LSI-11 Master Agreement discounts, and refer to
U.S. only.
Many other memories have
also been reduced, some
dramatically. Contact your local
Digital sales office or check the
coupon. But hurry.
There hasn't been a
sale like this in
recent
memory.

PHOENIX ACHIEVES TERMINAL VELOCITY.

Just 24 months after groundbreaking, the 320,000 square foot
Phoenix installation is pumping out
terminals as fast as 1200 people can
make them. The Phoenix plant is the
first Digital facility to be dedicated
entirely to the production of termi-

nais. Phoenix output, combined with
that of Digital's plant in Westfield, MA
places current terminal production
at awhopping 7,500 amonth!
And deliveries are now just 30
days from the placement of
your order.

,
S
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INTEGRAL MODEM MAKES
DEC WRITER II ACHATTERBOX.

Once, aterminal needed alot of
complicated extra gear to talk with a
remote computer, or to another
terminal. No more. With the Integral
Modem/DAA option,
the LA 36 DECwriter II
is aregular blabbermouth up to 300 baud
including originating
and autoanswer. One
great
advantage:

you get
the data
accuracy of
direct wire-connect while still
maintaining the use
of your telephone
as atelephone.
Need communication
terminals?
Check the
box.

LSI-11 SOLVES APRODUCTION PROBLEM AND A
MARKETING PROBLEM. AT ONCE. line that reaches

Consider this major maker of electronic switching equipment, successfully selling aline of PDP-11/34
based products, when along comes
the LSI-11 and the people inside
begin to think small. What follows is
the creation of an extended product

into low-end markets yet untapped. And it's all done
with the greatest of ease in that the
LSI-11 uses all the software of the
11/34s. With developmental and
training costs minimized, the new
products go to market propitiously
positioned for profit.

DEVELOP LARGE PROGRAMS FOR YOUR LSI-11 ON THIS
NEW HARD DISK SYSTEM.
You bought your LSI 11 because
its speed and power meant you handle big programs at micro cost. Now
there's an LSI-11 based system with
big disk capacity to help you develop
the programs. It's the new 11T03
with a2.5 MB removable disk and a
5MB non-removable disk. Check
the coupon and find out more.
Digital Equipment Corporation, Maynard, MA 01754.
European headquarters:12, ay. des Morgines,
1213 Petit-Lancy/Geneva. In Canada, Digital
Equipment of Canada, Ltd.

fi !Man

d

Tell me more about: LI The Memory Sale
D 11T03 LI LSI-11/2 D Integral Modem/DAA
Name

Title

Address
Company
City

State

Zip

Mail to: Digital Equipment Corporation, 129 Parker St. (PK 3-2/M18), Maynard, MA 01754.
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te
single chip
analog
computer.
Aversatile, new
computational IC that's
accurate and easy
to use,

AD534 Analog Multiplier,
from $16 in 100s.

The Analog Devices' AD534 Analog Multiplier.
A new, monolithic, laser-trimmed, four-quadrant
analog multiplier destined to smash the myth that
analog multipliers are more complex than the computing function they solve.
The AD534 has aguaranteed maximum multiplication error of -.±0.25% without external trims of any
kind. This level of accuracy you'd normally expect
to find only in expensive hybrids or bulky discrete
modules. Excellent supply rejection, low temperature
coefficients and long-term stability of the on-chip thin
film resistors and buried zener reference preserve
the AD534's accuracy even under the most adverse
conditions.
The AD534 is the first general
purpose, high performance analog
multiplier to offer fully differential
high impedance operation on all
N5236
IN914's
inputs. And that's what gives the
AD534 its amazing flexibility
and ease of use.
CONTROL
INPUT
The AD534 is acom/
pletely self-contained, selfsufficient multiplier which
E.
can generate complex transfer functions very close to
theoretical. Our active laser
trimming of thin film resistors on the chip to adjust scale factor, feedthrough and
offset allow you to plug in the AD534 and run it virtually without adjustment.
In addition to straightforward implementation of
standard MDSSR functions (multiplication, division,
squaring and square rooting), the AD534 simplifies
analog computation (ratio determination, vector addition, RMS conversion); signal processing (amplitude
modulation, frequency multiplication, voltage controlled filters); complex measurements (wattmeters,
phasemeters, flowmeters) and function linearization
(transducers, bridge outputs, etc.) You can set up the
AD534 to perform complex calculations by using
various feedback arrangements to manipulate the
AD534 transfer function of
(X, — X2)(Y, — Y2)=
10 (Z, — Z2).

and use,

In Ratio Computing. The percentage deviation function is of practical
value for many applications in measurement, testing and
control. The
INPUT
(*ONLY)
AD534 is shown
in acircuit that
computes the percentage deviation between its two
inputs. The scale factor in this arrangement is 1% per
volt although other scale factors are obtainable by
altering the resistor ratios.

and use,

and use,

In Frequency
-2-0 (1-cos 2cat)
Multiplication.
'
DOUBLE-FREQUENCY
SINUSOIDAL
OUTPUT
Nonlmear
INPUT
circuits which
accept sinusoidal
inputs and generate
sinusoidal outputs at
two, three, four, five or more times the input frequency
make use of trigonometric identities which can be
implemented quite easily with the AD534 as shown.
For this frequency doubling circuit the output should
be AC-coupled to remove the DC offset resulting from
the trigonometric manipulation.
A'

A sin

in

In Sine Wave Function Generation.
The voltage controlled
2-phase oscillator uses two
0, our
Prt(100 EiN))
AD534's for integration with
controllable time constants
16k
in afeedback loop. The
frequency control input,
0, OUT
(2xt(100 EIN)I
Em, varies the integrator
gains, with asensitivity of
100Hz/V and frequency error
typically less than 0.1% of full scale
from 0.1V to 10V.

and use.

In aVoltage
Controlled Filter.
The output voltage, which should
C%Iel
be unloaded by a
follower, responds
SI
GNAL
as though Eswere
applied directly to
the RC filter but with
the filter break frequency proportional to the
Ec

E,

I
N pu T

input control voltage (i.e. f, =20:R
ec)The frequency
response has abreak at f
oand a6dB/octave rolloff.
These uses of our new Single Chip Analog Computer, the AD534, are only the beginning. For the big
picture call Doug Grant at (617) 935-5565. Or write
for acopy of our new Multiplier Application Guide
and the data sheet on the AD534.

t
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ANALOG
DEVICES

The real company in analog computation.
Circle 189 on reader service card

Analog Devices, Inc., Box 280, Norwood, MA02062 East Coast: (617)329-4700; Midwest: (312)894-3300; West Coast: (213) 595-1783; Texas: (214) 231-5094; Belgium: 031/37 48 03; Denmark: (02) 845800;
England: 01/94 10466; France: 686-7760; Germany: 089/53 03 19; japan: 03/26 36 82 6; Netherlands: 076/879 251; Switzerland: 022/319704; and representatives around the world.

It's amazing how an easy mind cements relationships.
We're the easy mind people. TRW Capacitors.
We can solve your problems connected with reliability in
ultra-miniature capacitors. Our X463UW metallized polycarboriates are designed to do just that.
The X463UW gives you "Space Age' performance in circuits demanding the smallest possible size. Capacitances
range from .001 to 10 mfd, at 50,100, 200 and 400 vdc—with
less than 1.5% capacitance change from —55°C through
125 °C. IR is 60,000 megohm xmfd minimum at 25°C. DF is
fess than 0.3% at 25°C and 1KHz. And stability? In humidity

You get all that because we've applied the latest in component technology to combine the improved electrical performance of polycarbonate with dramatic size and weight
reductions made possible by the use of our exceptionally
reliable metallized dielectric.
We also put the same kind of effort into our engineering
services and our field support. Try us. We can help reduce
the tension. Give us a call, or write: TRW capacitors, An
Electronic Components Division of TRW, Inc., 301 West

and shelf life tests the stability of the X463UW is actually

"0" St., Ogallala, Nebraska

two to three times better than polysulfone.

69153. Tel: (308) 284-3611.

actua, sin

TRWCAPACITORS
ANOTHER PRODUCT OF A COMPANY CALLED TRW

190
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New products
Packaging & production

Image storage
aids inspection
Still video pictures
improve accuracy of
viewing bonded IC chips
One of the more popular methods of
inspecting the bonding and assembly
of integrated circuits to either lc
packages or hybrid substrates is to
use aclosed-circuit television camera
coupled to ahigh-power microscope.
It requires an inspector to watch, on
the monitor of the ccTv/microscope
combination, all the operations on
the lc chip in continuous motion.
However, Unilux Inc., a N. J.
manufacturer of video analysis
systems, has developed an automatic
video system called the Unilux 1050
ISIS (image-storage inspection system) that enables an inspector to see
still, rather than continuous, pictures
of each bonding during an assembly
operation. The inspection system is
composed of a TV monitor, TV
camera, and aseparate box with the
control logic circuitry for picturetaking rate, blanking, and the order
of blanking. Microscopes must be
furnished by the customer, however.

In the Unilux equipment, the
inspector sees still pictures, and each
is made precisely at the completion
of each of the critical steps in the
bonding and assembly sequence. The
inspector sees only these pictures
and has 1to 3seconds to study each.
This stop-action mode results in a
greater accuracy in inspection than
is possible with continuous observation, the company contends.
William Greenbaum, president of
Unilux, notes that the first of these
systems is already up and running at
a Western Electric hybrid manufacturing facility. He expects that many
other lc and hybrid manufacturers
will give this new system serious
consideration. Furthermore, he believes that the same type of discrete
video imaging has other applications
for other types of electronic assembly operations.
Prices of the ISIS vary from
$15,600 to $19,800 depending on the
complexity of the installation, that
is, the number of assembly steps.

The 1977
Answer Book.
It makes your
job easier.
$25.
"WHO MAKES
WHAT?"
"WHERE ARE
THEIR
NEAREST SALES
OFFICES?"

"WHAT
COMPANIES
MAKE THE
PRODUCTS
INEED?"
(See alphabetical
directory of
4000 products)

"WHO ARE THEIR
DISTRIBUTORS?"

Unilux Inc., 290 Lodi St., Hackensack, N. J.
07601. Phone (201) 489-0800 [391]

Tester checks memory
boards and systems
The MD-207 memory-board/system
test system is a versatile piece of
equipment that can test memories

"HOW CAN I
GET THEIR
CURRENT
CATALOGS
FAST?"
(See directory of
catalogs by product
and by company,
including catalog
inquiry cards for
5-second ordering)

"WHAT
ARE THEIR
LOCAL PHONE
NUMBERS?"
(See alphabetical
directory of
over 5000
manufacturers)

"WHO
MANUFACTURES
THIS TRADE NAME?"
(See directory of trade names)
Electronics Buyers' Guide
1221 Avenue of the Americas
New York, N.Y. 10020
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Yes, send me acopy of Electronics
Buyers' Guide. I've enclosed $25 (USA
and Canada only, elsewhere send $35).
Full money back guarantee if returned
within 10 days.
Name
Company
Street
City
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Ican show you

how to find
faulty intermittents
fast!

New products

fabricated in a variety of technologies: semiconductor, magnetic-core,
plated-wire, and magnetic-bubble, to
name a few. It performs dynamic
tests at rates to 10 mHz and features
a variety of user-oriented software
packages for performing such engineering functions as automatic
shmoo plotting, data logging, and
statistical analysis. Productionoriented packages include automatic
board diagnostics and error-mapping
routines, management summaries,
and a prompting menu for use by
unskilled test-system operators.
Among the system's hardware features are aprogrammable split-cycle
clock generator with up to 32 independently programmable edges to
accommodate the increasingly complex timing requirements of synchronous and asynchronous semiconductor memory systems. The MD-207 is
compatible with its predecessor, the
MD-107, but offers greater testing
capability. In particular, it offers
Logic Link—a simple method for
interfacing even complex boards and
systems with the tester. Its basic
price is $55,900 and its delivery time
is currently being quoted as 90 days.

Few things waste more time than
locating an intermittent circuit
component. Isolate off-again,
on-again electronic components
by quick-freezing them during
testing. Remember: MS-240
Quik-Freeze is not only acircuit
cooler, but also afull-fledged
freezer. It can drop surface ternperature to-45°C in seconds. A
handy extension nozzle confines the
chilling spray to the suspected components. Use MS-240 also to prevent
undesirable heat transfer to delicate
circuit elements during soldering.
For further information, call or write MillerStephenson Chemical Co., Danbury, CT 06810
(203) 743-4447

Th miller-stephenson

chemical co.,Inc.
Danbury, Connecticut 06810 (203) 743-4447

Macrodata Corp., P. 0. Box 1900, Woodland

miller-stephenson chemical company, inc.

EM-3W

Danbury, Connecticut 06810 (203) 743-4447
Ask our Technical Director for application information
O Enclosed

is $2 for trial pack

Iintend to use MS-240 on
Name

Title/Dept.

Company
Address
City

(213) 887-5550 [393]

Dual-head rotary table
maximizes insertion area

uSend for literature and prices

Q
,
e-reed

Hills, Calif. 91365. Phone Alan Portnoy at

State

Zip

.
Registered trademark

For industrial use only. Trial Unit must be sent to Company address

A dual-head rotary fixture, the
model VCD-1192, has been designed
to allow the maximum use of insertion area while providing a full 18inch-diameter rotating area under
each inserting head. Programmable
to rotate to any axis, the unit
requires no connections to be made

LOS ANGELES •CHICAGO •DANBURY, CONN. •TORONTO
192
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"Bussmann can help you choose
the right fuse for the right placer
When you do something better than anyone
else, people usually take
for granted that it's all
you can do.
Like Bussmann. You
probably know us as the
electronic industry's most
complete source for fastacting, dependable, stateof-the-art circuit protection. And you're right.

But only half right.
Because Bussmann
can also be your most
valuable source of expert
technical help.
Take your Bussmann
salesman, for example.
He's more than just a
salesman. He's an electrical protection expert.
So he's got the
technical know
how and
experience to

simplify and solve your
most complicated circuit
protection problems.
He can help you
decide which fuse from
our complete line fits the
application you have in
mind. Or he can put you
in touch with one of our
staff engineers for in-depth
technical assistance.
Your Bussmann
representative can also
keep your staff up-to-date
on the latest trends in
circuit protection. New
fusing technology. Or
where and how to use the
right fuse for the best results.
So call your
Bussmann representative today. And trust him
•
for sound technical advice.
He'll show you why
Bussmann means protection in more
ways than one.

McGRAIIRDISON
Bussmann.
The Protection
Experts.

Bussmann Manufacturing Division
McGraw-Edison Company
P.O. Box 14460
St. Louis, Missouri 63178
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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.

1977Answer Book.
It makes your job
easier. $25.
"What companies make the products I
need? How do Icontact them locally?
How do Iget their current catalogs fast?"
Ask The Answer Book. Over 4000
products, more than 5000 manufacturers
with their local contacts and distributors,
directory of trade names and catalogs,
post-paid inquiry "bingo" cards for
5-second ordering of current catalogs.
Electronics Buyers' Guide
1221 Avenue of the Americas, N.Y., N.Y. 10020
Yes, send me a copy of The Answer Book.
I've enclosed $25 (USA and Canada only,
elsewhere send $35). Full money back guarantee if returned within 10 days.
Name
Company
Street
City

194

State

New products

to the rotating table—the insertion
area is completely free of mechanical, electrical, and pneumatic connections.
The table may also be used as a
conventional nonrotating fixture. In
this mode, it can be configured to
provide an insertion area that measures 18 by 26 in.—claimed by the
manufacturer to be the largest available anywhere.
Dyna/ Pert

Division,

USM

Corp.,

Elliott

Street, Beverly, Mass. 01915. Phone (617)
927-4200 [394]

Wrapped-wire jumpers
make connections fast
A line of wrapped-wire jumper
cables for connection to 0.025-inchsquare terminal posts is offered as an
alternative to conventional wrappedwire and clip-lead connections during the development and testing of
electronic equipment. The fully insulated jumpers, which can be
installed in a matter of seconds,
generally do not require that system
power be turned off.
In contrast, the company claims,
wire-wrapping usually takes more
than aminute, what with measuring,
stripping, and wrapping both ends of
the wire, and generally requires that
power be turned off. Furthermore,
the company says, when temporary
wire wraps are removed, they sometimes leave metal pieces behind—
almost aguarantee of future service
trouble.
The jumpers are available in
lengths from 4 in. to 6 ft. There are
five standard colors, but any color
can be provided on request. The
jumpers have gold-plated contact

Zip
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One company can cut keyboard costs.
Even when their keyboards cost more.
The most expensive
mistake you'll ever make
selecting akeyboard could
be spending too little. In the
long run, that adds up to
cutting corners, not costs.
So to make sure you
get the keyboard that really
meets your needs,
MICRO SWITCH uses Value
Engineering.
Through Value
Engineering, we look at your
particular product needs to
design acost-effective
solution to your problems.
That means designing a
keyboard that interfaces with
your total system and meets
your needs. Precisely.
It also means we can
often lower your total system
cost. For example, we might
be able to incorporate into a
keyboard several levels of
codes that you had been
paying for separately. And at
amuch higher cost.
Or maybe customize

integrated circuits to provide
you more logic for less
money.
Besides giving you costefficiency, MICRO SWITCH
keyboards out- feature
practically every other
in the industry.
You can choose LED or
incandescent lighting.
Tactile or linear feel. Sealed
versions for military and
industrial uses. Alternate or
momentary action. Encoding
techniques that'll meet any
code requirement.
There are also wiredonly assemblies or separate
modules available. And you
can pick from the industry's
largest legend library.
Standard, solid state
Hall-effect technology
throughout the line delivers
reliability no mechanical
keyboard can offer. Plus, we
back up every keyboard we
make with a1% Acceptable
Quality Level and atwo-year

warranty.
It all adds up to quality
you can put your fingers
on every time.
For more information,
call 815/235-6600.
With MICRO SWITCH,
you'll be paying for
keyboards instead of
mistakes.
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MICRO SWITCH
FREEPORT

A DIVISION

ILLINOIS

OF

MICRO SWITCH products are available worldwide through Honeywell International.
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New products
surfaces and are rated to carry a
continuous current of 3A. They may
be stacked up to three deep on a
standard wrapped-wire pin.
American Data Cable Inc., 903 San Antonio
Rd., Los Altos, Calif. 94022. Phone (415)

ellSO

328-7176 [396]

tWISO>

measures water purity

The
Soft
Cartridgé

Conductivity bridge

The type RB conductivity bridge is a
manually balanced, portable instrument intended primarily for waterpurity determination. Available in a
variety of calibrations for measuring
solution conductivity, resistivity, and
temperature, the unit is built around
a stable ac Wheatstone bridge that
provides accuracies to within 2% of
reading. Models with manual and

The new direction
in disk storage...
XEBEC announces a
breakthrough in flexible
disk system design...
• Emulates RK cartridge
for efficiency
• Emulates RX floppy
for medio compatibility
• Program transparent
(RK/RX simultaneously)
• 5 MB storage capacity with
state-of-the-art drives

The Soft Cartridge..

The new direction for
PDP`R 11 and LSI R11 users

XEBEC
SYSTEMS

INCORPORATED

2985 Kifer Rood, Santo Cloro, Co. 95051
Phone: (408) 988-2550/TWX: 910-338-0130
Registered Trademark Digital Equipment Corporation

196
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automatic temperature compensation are available.
Beckman

Instruments

Inc.,

Cedar

Grove

Operations, 89 Commerce Rd., Cedar Grove,
N. J. 07009 [395]

Heat-sink mounting clamps
need no torque wrenches
Heat-sink mounting clamps in the
9644 series offer a pop-up compressive-force indicator that shows when
the correct compressive load has
been reached. The user simply tightens the nuts alternately and evenly
with a wrench until the indicator
pops up. Torque wrenches and guesswork are thus eliminated.
Intended mainly for mounting
heat sinks on high-power rectifiers

Electronics/March 16, 1978

Se steen Transient
Voltage Suppressors

LOW DYNAMIC IMPEDANCE
VOLTAGE REGULATORS "ZENERS"

Can be supplied as

These new devices offer significantly lower
dynamic impedance. Lower impedance means
improvement in regulation ripple reduction
and transient protection.

JAN, JANTX or JANTXV
to MIL-S-19500/516 (EL)

This new series of silicon bi-polarity transient suppressors is unique
in that asingle device will provide voltage transient protection
symmetrically (i.e., provide protection for A.C. signals in addition to D.C.).
This new series of devices has peak pulse power ratings of 500 to

3&5watt

SX6.8 thru 120

Nominal Voltage: 6.8 to 120 V(-±-5%)
Low Reverse Leakage
Dimensions (max.): Body .140"D x.165"L
Lead .040"D x1.10"L

1500 watts for 1millisecond and its response time is effectively
instantaneous (less than 1x10 -12 sec.). Therefore, these versatile
devices have many protection applications where large voltage
transients can permanently damage voltage-sensitive components. The
devices are encased in Semtech's Metoxilite, fused directly to the high
temperature metallurgically bonded assembly. For use in commercial,

5watt

1N4954 thru 4984
Nominal Voltage: 6.8 to 120 V (±5%)
Low Reverse Leakage
Dimensions (max.): Body .140"D x.165"L
Lead .038"D x1.10"L

industrial, military and space programs.

10 watt

500 Watt

1500 Watt

Peak Pulse Power

Peak Pulse Power

Types: IN6102 through IN6137

Types: 1N6138 through 1N6173

Break down Voltage V(BR):

Breakdown Voltage V(BR):

From 6.8 to 200Vdc ±10%

SY6.8 thru 120
Nominal Voltage: 6.8 to 120 V (±5%)
Low Reverse Leakage
Dimensions (max.): Body .165"D x.165"L
Lead .040"D x1.10"L

e

From 6.8 to 200Vdc +10%

Peak Surge Voltage (Vsm): 11.0 to 286.0V

Peak Surge Voltage (Vsm): 11.0 to 286.0V

Peak Surge Current (Ism): 45.4 to 1.7A

Peak Surge Current

Temperature Coefficient of (VBR): .05 to .11%/ °C

Temperature Coefficient of V(BR) :.05 to.11%/°C

Case Size (Max.): .140"

Case Size (Max.): .180 "Dx.165" L

x.165" L

Electronics/March 16, 1978
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SEMTECH
CORPORATION

652 Mitchell Road, Newbury Park, California 91320
(805) 498-2111 • (2131628.5392 • TWX 910-336 ,1264
CHICAGO (3121352 3227 *DALLAS (2141234-6523
DAYTON. (5131274 8.156 •FLORIDA. (305) 644 5404
MARYLAND: (301) 937 0070 NEW YORK/NEW JERSEY (2011964 9305
SAN FRANCISCO: (4151 494 0113 .SEATTLE: (206) 455 4807
CANADIAN SALES: Awatronics. Ltd. (416) 493-9711
EUROPEAN SALES: Morns AG Zug. Switzerland (042) 232 242
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ENVIRONMENTAL
SYSTEMS

New products

Dependable Bench-Top Humidity Chambers

Low cost bench-top temperature-humidity chambers available in 3, 5 and
8ft. 3 models with temperature ranges
from 0°F to +200°F ± 1
/ °F and hu2
midity ranges from 20% to 98% RH ±
5%. Included as standards: solid-state
RFI free controllers, stainless steel interiors, forced air circulation, high
temp failsafe and freeze and vapor
generator failsafes. Options include
programmer-recorders, windows,
lights and ports. Floor model temperature-humidity chambers available in 4,
8, 27, and 64 ft. 3 with ranges — 100°F
to +350°F ± 1°F and 10% to 98%
± 2% RH.
Salt Spray Chambers
Associated also offers salt spray chambers
for corrosion testing. Constructed of clear
lucite in 4, 8, 16 ft. 3 so the operator can view
specimens without opening chamber—benchtop styling — stainless-steel base — made to
meet applicable ASTM, MIL and federal test
standards on corrosion testing. Lucite is impervious to salt fog and many other corrosive agents and acids, insuring longer life
and easier maintenance. Options: auto refills
for long term testing; independent air compressor to conserve energy.
Associated also manufactures a complete
line of high/low temperature chambers both
liquid CO2, LN2 and mechanically cooled and
walk-in rooms.

ASSOCIATED
ENVIRONMENTAL SYSTEMS
Subsidiary of Walter Kidde &Company, Inc.

IUDDE

360 MERRIMACK ST., LAWRENCE, MA 01842
(617) 683-9501 •TWX 710-342-0765
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and silicon controlled rectifiers, the
clamps feature aone-piece insulator
cup molded from 40% glass-reinforced polyphenylene sulfide. It provides aminimum breakdown voltage
of 24,000 v, is chemically resistant
(no known solvents under 200°C),
and will not cold flow under load.
The clamp rods are electrically
isolated with an irradiated polyolefin
insulation with a minimum breakdown rating of 7kv.
The 9644 series clamps are available in 1,000-, 2,000-, 4,000-, and
5,000-pound capacities. Various rod
lengths are available to accept most
device and heat-sink combinations.
In lots of 1,000 or more pieces, the
units sell for $4.76 each. Availability
is immediate.
Thermalloy Inc., Dept M, 2021 W. Valley
View Lane, Dallas, Texas 75234.
(214) 243-4321 [397]

Phone

High-pressure unit
cleans silicon wafers
Offered as an alternative to brush
scrubbers for silicon wafers, the
HPC-2000 high-pressure cleaner
provides a choice of solid and fan
spray cleaning modes at pressures
adjustable between 2,000 and 5,000
pounds per square inch. The cleaner
is said to be particularly effective in
removing contaminants from etched
channels that cannot be reached by
brush filaments. Furthermore, the

Electronics/March 16, 1978
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Whether Field-Installable or Crimp, these new fastfit BNCs represent the
latest state-of-the-art in connector design.
Ease of assembly. The FieldInstallable has no loose parts. Simply
trim cable and twist-on the conwaresi\Quo,
nector. With the crimp version, you
only crimp the braid. No center contact soldering or crimp is required.

if".. emu' ems,
rie r

Save time and money. Because it's so easy, you save significantly in
assembly time, whether in the
field or the factory. What's more,
you're assured of ahigh integrity
termination every time. No
special skills are required.

The fastfif family
Whatever your communications
connector requirements. Look to
the fastfit approach.

Circle 199 on reader service card

Electrical performance is 1.05 VSRW at 1ghz. Prices
are competitive with the connectors you're now using.
Call us or send for our brochure. See for yourself that
the BNC assembles in 40 seconds.

Cambridge Products Corp.
aHi-G Company
244 Woodland Avenue
Bloomfield, Cr 06002
(203) 243-1761
(800) 243-8814

FIBER OPTIC COMPONENTS
AND DATA SYSTEMS
AVAILABLE NOW!
FIBER OPTICS ... this new
technology is now impacting the
electronics and communications
industries.

...441
,.

1010#1111"

-

Spectronics is aleader in
development of this technology to
production status. We're apioneer
in production of materials and
devices for fiber optic data
transmission systems, including LED
transmitters, silicon
detector/receivers, coupling of fiber
optic bundles to the transmitters
and receivers, and electronic coding
of transmission signals.
These components and systems are
now available from our standard
production. We were able to move
faster than the competition
because fiber optic data
transmission is not anew business
for Spectronics — it's an important
new market utilizing our advanced
semiconductor technology.

GaAs
LASER DIODES

Spectronics is your best source for
high-technology optoelectronic products of all
kinds. We have laser diodes for immediate
delivery — as single or stacked-chip devices with
peak outputs ranging from 16 to 100 watts. Our
SLESSD Series GaAs single heterojunction
injection diodes are high power and pulsed
mode, well suited for military or commercial
applications requiring high radiant intensity
and small source size.

DELIVERY

BECAUSE WE'RE
#1 IN

DEC LARGE SYSTEMS
SPECIALISTS

* 11/45 * 11/60 * 11/70

CPUs • MEMORY • PERIPHERALS • SYSTEMS
CENTRONICS 101A, 102A & 103 PRINTERS

SEND FOR

FREE

Macronetics Inc., 570 Maude Ct., Sunnyvale,
Calif. 94086. Phone Tom McKee at (408)

uses flexible-disk control

Circle 200 on reader service card
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HPC-2000 does not leave scratches,
marks, or brush residue.
Capable of cleaning up to 200 2in. to 5-in, wafers per hour per track,
the cleaner is completely automated.
It may be operated on acassette-tocassette basis or interfaced directly
with an oven or coater to reduce
handling. The cleaning system is
suitable for use before resist coating
and diffusion or before and after
epitaxial growth and chemical deposition. It can be supplied with from
one to four tracks in asingle cabinet.

Pc-board drilling machine

Spetroffin
WE'RE _IN

--

733-3700 [398]

Call or write today for free data sheets.
Special Products Division, 830 East Arapaho
Road, Richardson, Texas 75081,
(214) 234-4271.

10 * 20 *11/34

New products

PDP

811

OVER 250
DIFFERENT
ITEMS

DEC LIST.

AMERICAN USED (11:111111:1 •617-261-1100

Unlike most other numerically controlled printed-circuit-board drilling
machines, which are controlled by
punched paper tape, the 78 MSD is
controlled by a microcomputer that
uses a floppy disk for program storage. The result, according to the
company, is increased drilling speed
and efficiency. Key operating specifications are hit rates up to 400 per
minute, programmable spindle
speeds of 30,000 to 80,000 revolutions per minute, 500-inch-perminute feed and positioning speeds,
and 1,000-inch-per-minute retraction. The 78 MSD sells for $69,950.
Paul Dosier Associates Inc., 3050 Red Hill
Ave., Costa Mesa, Calif. 92626. Phone (714)
556-7075 [399]

DEPT. E3, P.O. BOX 88, KENMORE STATION, BOSTON, MASS 02215
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If the low profile
relays you?re now
using emit survive
these obstacles,
yodve got aproblem.
Yotive got aproblem!
Every low profile relay has to face obstacles
like these:
1. Excessive dwell time in flow solder bath
2. Repeated exposure to PC board cleaning
solvents
3. End-product exposure to dirty, corrosive
atmospheres
4. High impact shock conditions on the line
and in the field
Throughout these ordeals, what happens
to your contact system?
If it fails, if oxidation or corrosion makes
operation erratic, you may be in for the
worst obstacle of all: customer complaints.

Flagship '" low profile relays are the answer to
your problem. All metal housing to withstand
solvents. All welded hermetic seal for unexcelled contact life. And, best of all, acompetitive price. If you can't afford Flagship
relays, you certainly can't
afford the alternatives.
For more information on
Flagship 2and 5amp low
profile relays, call or write
for this new brochure.
Hi-G Incorporated, Relay
Division, 580 Spring Street,
Windsor Locks, CT 06096
(203) 623-2481.

Write also for new bulletins on field programmable time delay relays and BNC connectors.
Electronics/March 16, 1978
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Electronics
Series
Book
Mag

new
new
new
new pRoduct mends
in eLectRonics
new
new
new
new
new
new
numbeR one
Bectronics
Book Series

New Product
Trends
Now available

From the "New Products" section
of Electronics, state-of-the-art
equipment and materials, arranged
according to application. Crossreferenced company index
includes more than 500 manufacturers. New Product Trends in
Electronics, 333 pages, $14.95.
Order today, and don't forget the
other valuable books in the
Electronics Magazine Book Series
listed in the coupon below.

r
Electronlcs Book Serles
IP.O. Box 669, Hightstown, N.J. 08520

11. Send me
copies of "Microprocessors"1
at $8.95 per copy.
12. Send me
copies of "Applying Micro- 1
processors" at $9.95 per copy.
3. Send me
copies of "Large Scale Integration" at $9.95 per copy.
4. Send me
copies of "Basics of Data
Communications" at $12.95 per copy.
5. Send me
copies of "Circuits for Electronics Engineers" at $15.95 per copy.
6. Send me
copies of "Design Techniques'
for Electronics Engineers" at $15.95 per copy.
I
17. Send me
copies of "Memory Design:1
;Microcomputers to Mainframes" at $12.95 peri
Icopy.
18. Send me
copies of "New Product
Trends in Electronics, Number One" at $14.95 per
Icopy.

New products

Data handling

Interface board
has 8channels
Analog-output unit
completes interface line
for single-board computers
An analog-output interface board
completes the line of interfaces that
Data Translation Inc. has designed
to mate with the Alpha, LSI 2,
LSI 3, and LSI 4single-board computers from Computer Automation
Inc. Designated the DT1735, it
produces eight analog voltage or
(optionally) current channels from
the computers' digital data. The
other interface boards handle either
analog inputs or both analog inputs
and outputs.
The DT1735's output voltage
range is ± 10 yor 0to 10 NI, and the
output current range is 4to 20 mA,
values that are especially attractive
for industrial customers, according
to Paul Severino, Data Translation's
vice president for engineering. He
says further that putting eight d-a
channels on one board simplifies
designs for customers "who use lots
of d-a —they tend to use 32 channels,
and that means they need only four
of these boards." The only other d-a
output interface unit for the Computer Automation family provides
only two channels. Severino is espe-

cially interested in Computer Automation's LSI 4/10 Naked Mini,
which he believes will enhance the
minicomputer company's installed
base among original-equipment
manufacturers.
Measuring 7.5 by 16.9 inches, the
DT1735 is compatible with the
Computer Automation backplanes.
Its d-a output specifications include
a resolution of 12 bits, differential
linearity of ± 1/2 least significant
bit, settling time of 3 is to 0.01% of
full-scale range, and a slew rate of
20 v/p.s. All d-a ranges are selectable by means of a five-position
switch in adual in-line package associated with each d-a circuit. Coding
for the d-a converters is also selectable, between offset binary and 2's
complement.
The price in single-unit quantities
is $1,895. The 4-to-20-mA current
option costs an additional $50 per
channel. Delivery is from stock.
Data Translation Inc., 4 Strathmore Rd.,
Natick,

Mass.

01760.

Phone (617) 655-

5300. [361]

Light pen aims
for long distances
For use where long and different
focal distances are a problem, as
when a curved cathode-ray-tube
screen is covered by aflat explosion
shield, the LP-316 light pen has a
finder beam, increased sensitivity,
and an improved optical system.
Besides apush-tip-to-activate fea-

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.

D

Payment enclosed

D

Bill firm

ID Bill me

Charge to my credit card:
CI American Express
CI Visa

D

Diners Club
ID Master Charge

Acc't No.

Date exp.

On Master Charge only,
first numbers above name
Name

Title

Company
Street
ICity

State

Zip

Signature
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"I need to know if this device exists, and if there are
any alternate sources. Where do Istart?"
• Memory IC

• CMOS

• RAM
• Static
• 1024x1

• 250 Nanoseconds
• 5Volts

If you're spending hours to solve aproblem similar
to the one above, you're behind the times...

It only takes afew seconds with "THE MASTER':

Clear your desk for action with the
newly revised 1978 IC Master. It's allunder-one-cover features include: Over
40,000 standard products from more
than 87 different companies ...over
2,200 pages comprising five different
selection guides (memory, microprocessor, interface, linear and digital) ...
almost 1500 design data pages ...alternate source directory for pin-for-pin,
function-for-function replacements ...
applications directory ...complete military section ... acomplete part numbering guide.. .etc., etc. ...
You don't have to search through
stacks of catalogs.
Simply look up the specs and function
you need. You don't need apart number
to start with.

All you need is a problem to use The
Master.
Does the device exist? Who makes it?
Is there an alternate source? What's the
part number? Is there an applications
note? Who is my closest distributor —
etc., etc ...

$55.00
Price includes handsome
bound reference volume
plus an updating every
90 days with the Spring,
Summer and Fall issues
of IC UPDATE magazine
that works hand in hand
with your IC Master...
all at no extra charge!

.1YAriseerelerifizer
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ATTN: Circulation Manager
IC MASTER
United Technical Publications
645 Stewart Avenue
Garden City, New York 11530, USA
Please rush me
IC MASTER.
• Bill me
• Payment Enclosed
E] Bill my company
PO le

copies of the new 1978

Name
Company
Address
State
Zip
Signature
Date
For California orders add 6% sales tax. For New York
orders add 8%
Also available at better computer stores nationally.
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New products
ture, the LP-316 comes with focal
lengths ranging from 0.6 to 1.8 in. in
0.2-in. increments. All the electronics are built into the unit, which is
0.63 in. in diameter and 6.7 in. long
and weighs 3.5 oz. Luminous sensitivity is adjustable down to 0.5 footlambert; response time is less than
300 ns. Spectral response is between
3,600 and 11,000 angstroms. Mini-

mum vector speed is specified at 20
cm/ms with a minimum input separation of 10 µs.
The pen has aretractable cord, 14
in. retracted and 48 in. extended,
which is supplied with connector.
Power requirement is 5ydc ± 5% at
200 MA; — 15 ydc ± 5% at 25 mA.
Information Control Corp.,

9610 Bellanca

Ave.,

90045.

Los

Angeles,

Calif.

Phone

(213) 641-8520 [363]

DESIGNING IN A/
DISPLAY SUBSYSTEMS?
IEE•ARGUS
makes it easier...

---d
-ea% tot

ot ocess

equeent

conte viold otoceseg an test gteen

understands English
A computer graphics software system that can be programmed
through a language processor in a
limited but simple English vocabulary is now available for users with
large computers or time-shared computers who want to produce graphic
information in various formats.
The Tell-A-Graf system takes
data from the mainframe and produces pie charts, graphs, or bar
charts depending on the requirement. Before selecting the format,
the user can view the graphics on a
cathode-ray-tube display, choosing
the best configuration for printing on
a plotter. After producing one type
of display, the Tell-A-Graf may
reformat it into another type. Also,
the user can have the charts reproduced directly onto microfilm.
With the language processor,
called Disspla, an unskilled programmer can make inputs and call
up graphics at a keyboard using
plain English commands. Price of
the Tell-A-Graf system alone is
$19,500; it increases to $39,000
when Disspla is added.
Integrated Software Systems Corp., 4186
Sorrento Valley

Blvd.,

San

Diego,

6A-Catactet capacei panels in neon otange Oittetabte toled)) 00

92121. Phone (714) 452-0170 [365]

51, Doi teatt‘x ChatetelS
with .33" ?b.32itntn) onte
cbatactet heights
"te1W-64"
ant
'I
st
etaDon, integtat dt‘ue
etectIonics
120° cone vieviing
e, %Ugh Wetness., high c

Disk system stores

Avadabte ye tnetnoty,
tettace
chatactet
,easy-to-use
gen
Simple, uetsate‘n

The

Display

Maker
Industrial Electronic Engineers, Inc.
7740 Lemona Ave., Van Nuys, California 91405
• TWx 910_495 1707
Telephone: (213) 787-0311
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Calif.

communications data
Designed to store and manage 9,600baud transmitted data for a wide
range of communications applications, the Comm-Stor II is an intelli-
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Custom thick-film

hybrids by Parlex
Yes! Parlex makes hybrids.
We custom-design and produce thick
film components and hybrid assemblies in long and short runs.
Precision resistors, capacitors, chip
and discrete semi-conductors
packaged with skill and imagination. Creative space-saving
assemblies that often include
flex circuits and flat cable.
True, custom flex circuits,
flex-hardboards, multilayers
and flat laminated cable made
our reputation. But now
we're also your best
source for custom thick
film. So ask for our catalog. Better yet, send
your specifications or
schematic to us
at Parlex.

RPORATION
5Milk St., Methuen, MA 01844
617-685-4341
Circle 205 on reader service card

Layout PC Boards in Hours...
Prototypes in Minutes
PC 50 ...THE FIRST COMPLETE CAD SYSTEM UNDER $16,000
Design Large
High Density Layouts
Generate Accurate
Camera-Ready PC Artwork
on Plotter
Get The Documentation
You Need—
When You Need It
Produce Double Sided
Prototypes
In A Single Day
Complete Layouts
In One-Third To One-Tenth
The Time Spent
On Manual Tape-up.

Second Source Industries
735 ADDISON STREET •BERKELEY CALIFORNIA 94710 •(415) 848-6600
Electronics/March 16, 1978
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NEED RELIABLE
CIRCUITRY?
ELORG RESISTORS
WILL DO THEIR BIT!
With their specifications that meet IEC standards for
dimensions, ratings and tolerances.
Some 50 types of fixed, variable, wirewound and
non-wire resistors include
• S2-33i miniature metal film resistcrs for 0.25W and
0.5 W power dissipation ratings; maximum
temperature coefficient 500 x10 -6 PC; packed in
adhesive tape or placed on tape reels; color code
markings;
• S1-4M carbon resistors for 025 W power dissipation
ratings; average temperature coefficient 800 x10 -6 /' C;
packed in adhesive tape or placed on tape reels;
color code markings;
• precision non-wire fixed resistors S2-29 for 0.125 W,
0.25 W. 0.5 W, 1.0 W and 2.0 W power dissipation
ratings, temperature coefficient ± 25+ ± 300 '10 -6 /° C;
resistance tolerance ± 0.1%; ± 0.25%; ± 0.5%
and ± 1.0%;
• thermistors;
• photoresistors;
• varistors.

Sole exporter LMAP'M
32/34 Smolenskaya-Sennaya
121200 Moscow
USSR
Telephone 251-39-46, Telex 7586
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gent floppy-disk system.
The system uses IBM 3740compatible diskettes and interfaces
with all RS-232-C communications
devices. Variable-length files can be
stored to get maximum use of the
diskette. It is possible to merge and
create new files composed of existing
files, thus increasing editing capability. Also, a user can specify some
files as unalterable, but still is free to
create and alter other files in the
disk store.
Delivery begins this month. A
single-drive system is priced under
$3,000 and a dual system under
$4,000.
Sykes Datatronics Inc.,

375 Orchard St.,

Rochester, N. Y. 14606. Phone Bruce Paton
at (716) 458-8000 [364]

Unit interfaces computers
with facsimile receivers
Facsimile receivers have many advantages over other graphics printers
for use as computer terminals.
Among them are low cost, convenience, and excellent gray-scale reproduction. Until now, they also
have had a distinct disadvantage—
incompatibility.
The problem has been solved by
the model MS463 interface unit,
which accepts digital signals from
computers and translates them into
the appropriate analog signals for
facsimile receivers, including the
insertion of all necessary command
signals. A unit intended for use with
facsimile transmitters is also avail-
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An 8W inch
Microprocessor Controlled
Impact Printer for just $345*
Now that's what we call
practical!
Laugh all the way to the bank, OEM's.
With both matrix impact print head and
built-in microprocessor controller, our
DMTP-6uP is abudget printer in price
only. In practice, it's one of the greats.
.S t

You can print 80-96 columns of bOth data
and text at afast 110 cps. Turn out up to fo
copies at once on regular 81
2 inch roll paper,
/
even on fan-fold forms and labels. Not only are
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All that for $345*? It's phenomenal...

all needle drivers and diagnostic routes included with the microprocessor, but you can
choose the interface function you want — paral-

and it's also very Practical.

lel ASCU, RS-232C/I-Loop, or switch-selectable
baud rates from 110 to 1200. You even get the

PRACTICAL AUTOMATION, INC.

economy of easily-replaceable.ink rol l
er sand
aself- revers ing 10-million character life ribbon.

Trap Falls Road Shelton, CT 0646 4
Tel (2031 929-5381

•$345 in 100 qts.; single units $472
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WHO NEEDS AVIDEO OP AMP
With 1GHz Gain Bandwidth Product
and
70 Nanosecond Settling to 0.01%?
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Far more people than you would have imagined! People
who require the performance of atrue differential input op
amp at frequencies from DC to beyond 100 MHz, with the
ease of using a741 at 100 kHz. Those who want a±5volt
output to reach an accuracy of 0.01% in 70 nanoseconds.
Others who require this state-of-the-art performance from
—55°C to +125°C, and many more who require the high
reliability provided by MIL STD 883 processing.
'
et

Your application may not need the furl temperature
range or the hermetically sealed DIP, but for many
industrial applications these and other features of the
new Video Op Amp offer you vital reliability.
All of this and more is available to you off-the-shelf with
the 1435 - The op amp that solves problems you
didn't even try to solve before!

,CTELEDYNE PHILBRICK
Electronics/March 16, 1978

Allied Drive at Route 128
Dedham, Massachusetts 02026
Tel: (617) 329-1600

TWX: (710) 348-6726
Telex: 92-4439
Cable: TELEPHIL

Circle 207 on reader service card
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Now specify or order guaranteed
on-frequency i_LP crystals by phone.
Just tell us what microprocessor you are using (manufacturer
and number) and the frequency you want. One of our 31 stock
frequencies will fill your needs. It's that simple.
Because we work with microprocessor manufacturers, most
crystals are ready for delivery, off-the-shelf. Prices range from
$2 to $6 each (at 100 pieces per frequency).
Give us acall at (815) 786-8411, or call your CTS Distributor.
(Specs in EEM.)CTS Knights. Inc., 400 Reimann Street,
Sandwich, Illinois 60548.

CTS

KNIGHTS, INC.

Circle 208 on reader service card

A truly subminiature switch family designed
specifically for printed circuit applications.
Fully meets today's subminiaturization standards. These switches contain the mostasked-for features as outlined below.
• LOWER DENSITY
Allows clearance on PC boards spaced on 1/2" centers.
• COMPLEMENTARY PUSHBUTTON
Soon available in many styles and configurations.
• CLOSER SPACING ON PANELS
Allows 3 single pole switches per linear inch.
• CASE MATERIAL
Flame retardant Diallyl Phthalate.
• UNIFORM 0.1" SPACING
Between all terminals and anchor pins.
• GOLD PLATED CONTACTS
Most needed for logic circuitry.
• HIGH TORQUE BUSHING
Withstands mechanical abuse.
• SLIDE SWITCH DESIGN
Utilizes toggle action design.
•

DIP SWITCHES TOO!
We may be late in
DIPS, but, we've got
one of the largest
variety including;
rockers, slides and
pianos too! All with
high quality features,
excellent tactile feel
and off-the-shelf delivery.
• Ask Customer Service for details
and acopy of our 76 page catalog.

Tei
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1101

Bristol Rd., Mountain-

233-6010 [366]

CRT terminal executes

The ZMS-50 is an inexpensive
(under $2,000) cathode-ray-tube terminal with abuilt-in microcomputer.
Like more expensive terminals in the
ZMS family, the model 50 features
a list-driven structure, which allows
it to display data on the screen in a
contiguous fashion even if the data
does not occupy contiguous positions
in the unit's random-access memory.
Its principal uses are expected to be
as an intelligent terminal in dataentry and text-editing applications.
But it can do more. One of its novel
capabilities is a so-called downloading feature with which usersupplied programs can be fed into
the terminal's memory through a
communications interface. For users
who want to develop their own firmware for the ZMS-50, the manufacturer has available a development
system built around the morecapable ZMS-70. The system includes diskette storage, a PROM
programmer, and all necessary interfacing circuitry.
Zentec Corp., 2400 Walsh Ave., Santa Clara,
Calif. 95050. Phone Dennis Daniels at (408)

ELECTRONIC PRODUCTS, INC.
1551 OSGOOD STREET

Muirhead Inc.,

side, N. J. 07092. Phone Ian Smith at (201)

remotely loaded programs

WORLD'S SMALLEST SWITCHES
FOR INDUSTRIAL APPLICATIONS

PILED

able and provides a computercompatible output.
Expected applications for the
MS463 include meteorological satellite image transmission; police, fire,
and utility data storage and retrieval; computer graphics manipulation; and cartographic processing.

MA

246-7662 [367]

01045 l/ 5 A

MI ASTI

on reader service card

Electronics/March 16, 1978

_PlUe ,)

IIl J
mill --111,._"•1

11111

41111v

NOW

Aim

Jam

in disc•capacitors

Any Lead Va iati nYou Need
At Centralab we are concerned with the same
things you are —performance, reliability, on-time
delivery. But any ceramic disc capacitor supplier
can say that. We go that critical step further;
we give you a choice of leads to help you cut
your manufacturing costs.
Our standard leads include stand-off types
to prevent solder damage; snap-in types to
avoid fall-out during assembly; short leads for
low profile; long leads for those hard-toreach placements.

Pe...Id-ace via Need ego," fteofde edus

We'll go even further. On minimum OEM
order, we'll make any lead configuration
(under 31
2 ") you need. Just tell us your
/
manufacturing problem; we'll give you a costeffective answer.
And don't forget our tape-and-reel packaging for automatic insertion.
Cost savings in use. That's the competitive
edge you get
from Centralab.
The Centralab Edge.

C444.

CENTRALAB/ USCC
Electronics • GLOBE-UNION INC.

7158 Merchant Ave., El Paso, TX 79915 (915) 779-3961
Circle 209 on reader service card
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CORNELL- OUBILIER
ELECTRONICS

electronics
firms
love
New
Bedford,
Mass.

A significant number of electronics component manufacturers
have located in New Bedford,
Mass
Among them are 'so trafics, Aerovox, and CornellDubilier.

New products
Industrial

Control system
includes software
For lab and pilot plants,
Macsym One comes ready
to use, has 16-bit processor
In an intelligent measurement and
control system, software development is undoubtedly one of the
major difficulties and probably the
most expensive to solve. A new
measurement and control system
from Analog Devices Inc., though,
offers software that permits noncomputer people to write and run
programs easily and quickly.
"Macsym One represents alogical
vertical integration of the dataacquisition products we have devel-

oped over the past dozen years," says
James Fishbeck, marketing manager
for measurement and control
products, which is part of the
Norwood, Mass., firm's Instruments
and Systems group.
Intended for laboratory-level automation and process industry applications, Macsym One may be used
for data acquisition and storage,
alarm monitoring, data reduction
and analysis, and control functions.
Data can be printed out in report or
graphical form. Besides research and
development, likely applications include quality control, use in produc/tion laboratories, and simulation or
control of pilot plants in process
industries.
"Macsym One is based on what is
required to automate functions associated with real-world signals and
not on what can be accommodated
by the computer," says Fishbeck.
The real key to the system, he
emphasizes, is its ease of use. Real-

Why? Several good reasons.
They're labor-intensive, and New
Bedford has an exceptional supply of skilled workers guaranteed
by our brand-new $25-million
technical - vocational school!
We're within easy reach of many
high-technology companies, as
well as top-notch educational facilities. We've got low-cost industrial park space and inexpensive
existing industrial space.
And it's a great area in which
to live, halfway between Newport,
R.I., and Cape Cod, and just an
hour south of Boston.

If your firm is thinking of relocating or expanding, you ought to
find out more about New Bedford
and its advantages. Just call or
write:

Ifr

City of New Bedford
Industrial Development
Commission

1213 Purchase Street
New Bedford, Ma. 02740
Telephone (617) 997-6501
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'A few words about
imitation and flattery"
"The early days of in-circuit testing development were lonely.
Those of us who believed in this new inspection testing technique for printed circuit board production found few converts.
But we persevered. We built the hardware and the fixtures to
interface with the PCBs to be tested. We developed control
systems and software to make testing faster, more reliable and
more versatile. Most important of all, we demonstrated unheard of improvement in yield of good boards and substantial
reduction in costs for our customers.
We're not lonely anymore. We've made believers and customers of many of the major electronics manufacturers in the
U.S. and abroad. And we've made believers and competitors
of several test equipment manufacturers with convincing evidence that positive electrical access to the PCB solder nodes
is the method of choice for verifying circuit integrity and performing non-destructive component tests on analog, digital
and hybrid boards.
We're flattered by our imitators. And we welcome the competition. It's certain to benefit the industry as awhole and it will
keep us on our toes in the effort to maintain our position of
leadership.
When you want reliable, cost-effective production line test
systems to increase your printed-circuit board yields, you
have to consider in-circuit testing. And when you consider
in-circuit testing, it makes sense to check with the people who
led the way and lead today in technology, sales and service.
Let us show you how you can save money testing analog,
digital and hybrid boards. Call or write to arrange ademonstration and we'll make you abeliever."

M. E. Stanford, President

FAULTFINDERS

15 AVIS DRIVE, LATHAM, NY 12110
(518) 783-7786

Faultfinders systems can help
you to better testing at lower
cost. Believe it.
Circle 211

on reader service card
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Like the macadamia, our model
2283F monolithic crystal
discriminator leaves no doubt
about the standard of excellence
you demand. At 10.7 MHz, you can
get 1% total harmonic distortion
and up to 800 mV of recovered
audio when used with CA 3089E
quadrature detector. Model 2378F
offers similar satisfaction at 21.4
MHz. Complete specs for
communications gourmets
available now.

NUTS TO NOISE!

Piezo Technology Inc.
2525 Shader Road, Orlando, Fl 32804

The standard in monolithic crystal filters

(305) 298-2000

Circle 212 on reader service card

world signals are interfaced via
analog input/output cards that plug
into the system's specially designed
backplane.
Measuring 10.5 by 19 by 22
inches, Macsym One includes a 16bit digital processor, up to 32,000
words of memory, a power supply,
and the backplane, which has slots
for up to 16 analog and digital input
and output cards. A 31-character
alphanumeric display and programmable operator keypad are available
as options.
The system uses a single or dual
floppy-disk drive for program and
data storage, and a standard terminal as a console for writing and
running programs. Other peripherals, such as line printers, modems,
tape drives, and X-Y plotters, may
also be connected.
Supplied with all necessary software, Macsym One employs an
optimized language called Macbasic,
which is an extension of the highlevel Basic language. The system
also comes with a file manager
program and a series of diagnostics
for verifying its operation. An
assembler, editor, debugger, and
linker-loader are available for users
who wish to program in assembly
language or write assembly-language subroutines that can be called
from Macbasic.
A typical system—including 16
analog input channels, 8 analog
output channels, 16 digital input and
16 digital output channels, 32 kilowords of memory, a teletypewriter,
and a dual floppy-disk drive—is
priced at under $20,000. Macsym
One is available on purchase or
lease. Delivery takes 30-60 days.
Analog Devices Inc., Route 1Industrial Park,
P. O.

Box

280,

Norwood,

Mass.

02062.

Phone (617) 329-4700 [371]

30% reduction?...

Pressure transducers measure
up to 20,000 lb/in. 2
A series of diffused-diaphragm piezoresistive pressure transducers is
available with full-scale gage-pressure ranges of 5,000, 10,000, and
20,000 pounds per square inch. The

212
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The magazine that puts
microcomputing in your hands.

Technology has brought the computer within your
grasp. Interface Age puts it in your hands.
The small businessman like yourself is aware of the
progress made in microcomputing.
What you may not have is an update of what is
happening in microcomputer development, and what
discoveries might save you money and increase yowl
computer's usefulness.
Interface Age has the information you need.
In issues you've missed we've presented...
•A way to improve your chances of success in abusi ness
venture.
•A complete general ledger and payroll accounting
program with documentation.
•A new design for typewriter keyboards that obsoletes
the electric typewriter.
•A program that can assist you in writing reports and
letters.
•A program to plan your investment i '

Articles ranging from the fundamentals of computers to languages and system design, tutorials, activities, and new product releases to help you get started
in microcomputing and keep up with the industry.
Get ahold of the information you need. Subscribe to
Interface Age today. Save $7 over newsstand price.
12 Monthly Issues: $14 US.; $18 Canada/Mexico; S24 Interna-

tional 24 Issues: $24 U.S.; $28 Canada/Mexico. 38 Issues
SW U.S.; S42 Canada/Mexico.
Naine
Address
City
D Visa Card
Acct. No.

State
Zip_
D Master Charge
Exp. Date

Signature
Check or money order (U.S. Funds drawn on U.S. Bank)
Make checks payable to: INTERFACE AGE MAGAZINE
P.O. Box 1234 Dept. E3 Cerritos, CA 90701
n
on issu.:s avgilable back to 1975.
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New products

Now you can wrap
thick insulated wire
4TIMES FASTER
with
NO pre-cutting
NO pre-stripping
DAISY CHAIN
RUNS.

NEW P184
SLIT-N-WRAP
toorwith Tefzel
wire makes
connections as
reliable as
other wrap tools.

P184, with
100' of 28
gage Tefzel
wire, $29.50.

à
p
-

Insulation is slit
open before
wrapping on post,
not between
posts. No unwanted
cut-thru.

P184-4T with batteries and recharger, $80.00 (includes P184).
P184-4T1 110V AC, $89.00 (includes P184). Tefzel wire, 28 gage, various
colors, $4.18/100 ft. If not available locally, factory order—add $2 handling charge.

ELECTRONIC COMPANY, INC., 12460 Gladstone Av., Sylmar, CA 91342
phone (213) 365-9661, twx 910-496-1539
571177
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three units in the 8511 series have
full-scale outputs of 500 mv, and all
of them include hybrid circuitry for
temperature compensation over a
span of 200 °F. They are rugged units
that maintain good linearity even
when overloaded to three times their
nominal full-scale range. Thus, if a
dynamic analysis leads a user to
expect a peak pressure of 9,000
lbs/in. 2, he can select the 10,000lb/in. 2 transducer and be confident
that it will work properly even if the
actual pressure is 100% higher than
the estimate.
Endevco DID., Rancho Viejo Road, San Juan
Capistrano, Calif. 92675. Phone (714) 4938181 [373]

Proximity sensor has
sensitivity adjustment
A general-purpose, capacitive proximity detector, designated the CJ1030GM, has a built-in potentiometer
for adjusting its sensitivity; the

...50% reduction?...
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A one-pound bottle of Permabond®
cyanoacrylate adhesive contains more
than 30,000 drops. Since most bonds
need only one drop, each bond costs
about 1/5 of acent with Permabond.
Imagine how much you can save over a
run of 30,000 bonds?

Near maximum bond strength is
usually developed in minutes.
Result: speeded up assembly
operations and reduced
manufacturing costs.
A full line for
almost any
bonding operation.

Many advantages
over mechanical fasteners.
Permabond adhesives permit
designs that mechanical fasteners
won't allow. Since no holes have to
be drilled with Permabond, parts
remain stronger. In addition, there is
atremendous weight savings. And
bonding parts with Permabond distributes stress more evenly than
with mechanical fasteners.
Faster and stronger, too.
Cyanoacrylate adhesives form
stronger bonds, faster, than almost
any glue. Tensile strength can range
as high as 5,000 psi. Setup is nearly
instantaneous—a few seconds to
one minute in most cases.

Permabond Internationa
480 South Dean Street
Englewood, NJ 07631
(201) 567-9494

orporatior

El Send me aPermabond Evaluation Kit @ $7.50
(comains a2gram tube of each of the 5
Permaoond types).
Ili Seno me 'iterature on Permabond cyanoacqate
adhesives.
EI
want :o start saving immediately. Call me for an
appointment
Name_
Title
Company_

Automobile, airplane and
appliance parts, electronic
components, plastic toys,
sports equipment, camera
lens components and jewelry
are being assembled with
Permabond right now.
Permabond is ideal for bonding
practicaily any material— rubber,
plastic, wood, metal, porcelain,
glass—to itself or to any of the others.
Permabond cornes in five types.
four container sizes, and works in
our own as well as other manufacturers' automatic dispensing equipment. We'll be glad to help you
choose the correct type and size for
your operation.

Address_.

Permabond

City
State
Telepione

Zip

International Corporation

A !ubsidiary of Natidnal Starcb and Chemical Corp.
EM
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connector.

Hypertac' Low Insertion Force Connectors
Ill Much Lower Contact Resistance
• Much Lower Insertion-Extraction Forces
• Less Wear & Much Longer Life
• Greater Integrity Under Shock & Vibration
• Greater Reliability & Higher Current Ratings

Hypertac's patented design assures performance
surpassed only by hard wiring. Wires strung at an
angle to the socket's axis form ahyperboloid
sleeve that wraps the pin providing numerous
linear contact paths. This complete encirclement of the pin provides the ultimate in connector performance. Standard designs
include P.C. connectors up to 160 contacts,
unique modular connectors for customized
configurations up to 204 contacts, plastic
circular connectors up to 6contacts, plus
many others.
Call or write for complete information
and free brochure.
"New Horizons in Connectors"

potentiometer allows the user not
only to set the sensing range, but
also to set up the sensor to detect a
wide range of materials—cartons,
bottles, grain, chemicals, etc. The
switch has a nominal range of 10
mm, but it will be different for
different materials.
The self-contained solid-state device is threaded for easy installation
on any support structure. It is also
available with a mounting bracket.
The standard detector is a 110-v ac,
two-wire switch. Models with threewire dc outputs and systems using
separate control amplifiers are also
available. The sensor has a length of
110 mm and adiameter of 30 mm. It
operates from 32 °Fto 140 °F.
Gould Inc., Controls Division, 103 Broadway,
Bedford, Ohio 44146. Phone R. B. Denison
at (216) 232-8200 [374]

HYPERTRONICS CORPORATION
2352 Main Street, Concord, Massachusetts 01742
Tel. (617) 897-3236
Telex: 94-0334

Circle 216 on reader service card

Process monitors include
occlusion delay circuit
For use with load cells or pressure
transducers, a line of process monitors keeps track of the force necessary to perform various operations.
The monitors employ a new occlusion delay circuit to enhance their
peak-signal detection.
The monitors operate by tracking
the transducer signal until a peak is
detected. This value is stored,
displayed, and compared with preset
limits. A relay and a front-panel
lamp are energized if the signal
exceeds the limits. The system can
be reset automatically or by an
external contact closure. Other
modes of operation, such as trackand-hold and sample-and-hold, can
also be provided.
Sensotec Inc., 1200 Chesapeake Ave.,
Columbus, Ohio 43212. Phone (614) 4867723 [375]

...8o% reduction
In size and price of digital cassette recording
Philips new 128k byte
Mini-Digital Cassette Recorder

216

Circle 114 on reader service card

Circle 217 on reader service card —1.

VOLTAGE & CURRENT RATINGS LO SERIES
5V, ± l5to± 12 VOLTS *ADJ.

MODEL

REGULATION
(LINE OR LOAD)

RIPPLE
(RMS)

0.15%

1.5mV

LOT-X-5152-A
LOT-W-5152-A

0.15%

1.5mV

LOT-V-5152-A

0.15%

1.5mV

LOT-R-5152-A

0.15%

1.5mV

TRIPLE OUTPUT

VDC
5
±15 to
5
±15 to
5
±15 to
5
±15 to

PKG.
SIZE

2.2
0.375
4.5
0.75
7.3
1.4
9.5
2.2

X

7 x4-7/8 x 2-3/4

W

9 x 4-7/8 x 2-3/4

110

100

90

V

4-7/8 x 13-3/4 x 4-7/8

154

140

126

R

4-7/8 x 16-3/4 x 4-7/8

181

165

149

Y
X

4-7/8 x 4 x 1-5/8
5-7/8 x 4-7/8 x2-1/2
7 x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4

47
55
82
96

43
50
75
87

35
40
61
70

27
44
54
70

±12
±12
±12
±12

3.0
0.50
6.0
1.0
9.0
2.0
12.0
3.0

± 15 to ± 12 VOLTS* ADJ.
LOD-Z-152
LOD-Y-152
LOD-X-152
LOD-W-152

0.15%
0.15%
0.15%
0.15%

$ 88 $ 80 $ 72

DUAL OUTPUT
1.5mV
1.5mV
1.5mV
1.5mV

0.50
1.0
2.0
3.0

5VOLTS ±5% ADJ.
LOS-Z-5
LOS-Y-5
LOS-X-5
LOS-W-5
LOS-V-5
LOS-R-5

1.4
0.20
3.0
0.40
5.2
0.75
7.0
1.2

DIMENSIONS
(INCHES)

PRICE
QUANTITY
1
50
100

MAX. CURRENT (AMPS) AT
40 °C
50 °C
60 °C

0.37
0.75
1.4
2.2

0.25
0.50
0.80
1.4

SINGLE OUTPUT

0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

3.0
6.0
9.0
12.0
17.0
25.0

2.4
4.9
7.6
10.5
14.5
21.5

1.8
3.8
6.2
8.5
11.5
17.5

Z
Y
X
W
V
R

4-7/8 x 4 x 1-5/8
5-5/8 x 4-7/8 x 2-1/2
7 x 4-7/8 x 2-3/4
9 x4-7/8 x 2-3/4
4-7/8 x 13-3/4 x 4-7/8
4-7/8 x 16-3/4 x 4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

120

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

2.5
5.0
8.5
10.0
15.5
23.0

2.1
4.3
7.1
9.0
13.0
20.0

1.6
3.5
5.7
7.3
10.3
16.5

Z
Y
X
W
V
R

4-7/8 x 4 x 1-5/8
5-5/8 x 4-7/8 x 2-1/2
7 x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4
4-7/8 x 13-3/4 x 4-7/8
4-7/8 x 16-3/4 x4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

27
44
54
70
91
120

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

1.6
3.3
5.7
7.0
10.8
16.0

1.3
2.8
4.8
5.8
9.0
13.5

1.0
2.3
3.9
4.6
6.7
10.5

Z
Y
X
W
V
R

4-7/8 x 4 x 1-5/8
5-5/8 x 4-7/8 x 2-1/2
7 x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4
4-7/8 x 13-3/4 x4-7/8
4-7/8 x 16-3/4 x 4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

27
44
54
70
91
120

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

1.4
2.8
4.8
6.3
9.5
14.0

1.2
2.5
4.0
5.2
7.6
11.5

1.0
2.1
3.2
4.0
5.6
8.8

Z
Y
X
W
V
R

4-7/8 x 4 x 1-5/8
5-5/8 x 4-7/8 x 2-1/2
7 x4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4
4-7/8 x 13-3/4 x 4-7/8
4-7/8 x 16-3/4 x 4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

27
44
54
70
91
120

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

1.0
2.4
3.8
5.2
7.7
11.5

0.8
2.1
3.2
4.2
6.0
9.5

0.6
1.8
2.5
3.2
4.3
7.1

Z
Y
X
W
V
R

4-7/8 x 4 x 1-5/8
5-5/8 x 4-7/8 x 2-1/2
7 x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4
4-7/8 x 13-3/4 x4-7/8
4-7/8 x 16-3/4 x 4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

27
44
54
70
91
120

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

0.9
2.2
3.3
4.8
6.6
10.5

0.75
1.9
2.8
3.8
5.2
8.3

0.55
1.6
2.2
2.8
3.8
6.0

Z
Y
X
W
V
R

4-7/8 x 4 x 1-5/8
b-5/8 x 4 x 2-1/2
7 x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4
4-7/8 x 13-3/4 x4-7/8
4-7/8 x 16-3/4 x4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

27
44
54
70
91
120

1.5mV
1.5mV
1.5mV
1.5mV
1.5mV
1.5mV

0.8
2.0
3.1
4.2
5.9
9.3

0.65
1.7
2.5
3.3
4.6
7.5

0.45
1.4
1.9
24
3.3
5.6

4-7/8 x 4 x 1-5/8
5-5/8 x 4-7/8 x 2-1/2
7 x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4
4-7/8 x 13-3/4 x4-7/8
4-7/8 x 16-3/4 x4-7/8

37
59
74
95
113
149

33
53
66
85
101
134

27
44
54
70
91
120

01

6VOLTS ±5% ADJ.
LOS-Z-6
LOS-Y-6
LOS-X-6
LOS-W-6
LOS-V-6
LOS-R-6

0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

12 VOLTS ±5% ADJ.
LOS-Z-12
LOS-Y-12
LOS-X-12
LOS-W-12
LOS-V-12
LOS-R-12

0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

15 VOLTS ±5% ADJ.
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

LOS-Z-15
LOS-Y-15
LOS-X-15
LOS-W-15
LOS-V-15
LOS-R-15

20 VOLTS ±5% ADJ.
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

LOS-Z-20
LOS-Y-20
LOS-X-20
LOS-W-20
LOS-V-20
LOS-R-20

24 VOLTS ±5% ADJ.
LOS-Z-24
LOS-Y-24
LOS-X-24
LOS-W-24
LOS-V-24
LOS-R-24

0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

28 VOLTS ±5% ADJ.
0.15%
0.15%
0.15%
0.15%
0.15%
0.15%

LOS-Z-28
LOS-Y-28
LOS-X-28
LOS-W-28
LOS-V-28
LOS-R-28

Y
X
V

± 15 to ± 12 volts are each dual tracking outputs;

FEATURES

LO SERIES SUPPLIES
Y series
TER.

Convection cooled
no internal fans or blowers or external heat sinking required
because of proven thermal design using heavy gauge aluminum
chassis and ventilation holes

..-----VOLTAGE ADJUST

Regulation

DIMENSIONS
E

A

MODEL
LO-Z

4-7/8

4-1/8

1/4

LO-Y

5.5/8

4-7/8

.1-11/16

H

G

4

3-3/8

3/8

1-5/8

o

3/8

o

4-7/8

4-1/8

1/2

2-1/2

1-1/4

3/4

1-1/4

regulation, load - no load to full load -0.15%.
regulation line - 0.15%.

2-0V (OPTIONAL)
NTERNAL INTG ON LOS-Y AND LOO -Y

Foldback current limiting
6 package sizes
up to 28 VDC, up to 25 A
available in single, dual and triple outputs

Ripple

NTING HOLES FOR
RVOLTAGE PROTECTORS

1.5 mV RMS

Ambient operating temperature range
continuous duty from 0°C to +60 °C

Temperature coefficient
0.03%PC

wiN serles

AC input

OUTPUT TERMINALS

105 to 125 VAC or
210 to 250 VAC, 47-440 Hz

MOUNTING HOLES FOR OPTIONAL
OVERVOLTAGE PROTECTORS

3mounting positions
L12-0V
(OPTIONAL)

No overshoot or turn-on, turn-off, or power failure
Integrated circuit regulation
integrated circuit provides regulation system, except for input
and output capacitors, rectifiers and series regulation
transistors.

)
1
\
MODEL NO .RATINGS.ETC.
SCREENED C9ITHIS SURFACE

Job-rated calculated MTBF
at worst-case condition (minimum voltage
output, full load, 40°C, 125 VAC input)
all models approximately 5000 hours
for increased life at maximum conditions
derate current as follows...

ALTERNATE MOUNTING HOLES FOR
(CPTIONAL) LmOV

-

DIMENSIONS

D

MODEL

A

8

LOX

7

8-1/4

3/8

1/2

1/2

9/16

LOT- X

7

6-1/4

3/8

3/8

LOT-W

9

8

1/2

3/8

LOW

7/16
1-1/4
7/16
1-1/4

EXTENDED-LIFE CURVE

-R serles

25

FINS INDICATED NOT
SED ON LOS -V
SENSING
TERMINALS

0 50
7/8
OUTPUT
TERMINALS

rc

(NO. OF FINS)

[

OPTIONAL
OVERVOLTAGE PROTECTOR

.00000

0+

00

.184 DIA. MTG. HOLES

75

00

100

DIMENSIONS
D

MODEL

A

BC

D

LOS-V

13-3/4

13

2

5-13/32

LOS-A

16-3/4

16

4

8-2/32

LOT-V

13-3/4

13

2

4-9/16

LOT-R

16-3/4

18

4

3-23/32

5K

25K
MTBF
10% Current derat

50K
HRS TYPICAL

75K

10.000 hours MTBF

20% current deratinq

15,000 hours MTBF

30% Current derat tog

25000 hours MTBF

40% Current deratinq

33,000 hours MTBF

50% current derating

45.000 hours MTBF
(Equivalent to LAMBDA LX series)

Why has Lambda become the world's largest
manufacturer of low-cost, open-frame
power supplies in just two years?

QUALITY
Only the Lambda LO series gives you all these high quality features.
• All hermetically sealed semiconductors.
• Balanced thermal design with aknown, defined level of quality.
• Sprague electrolytic capacitors.
• Quality controlled through Lambda manufacture of all its own sheet metal, transformers and P.C. boards.

• Purchased components rigidly specified by
Lambda.
• Plated through hole printed circuit board.
• Flame retardant resistors.
• Teflon wiring in hi-temp location.

You'll get fewer failures with Lambda LO series power supplies.
And the cost of failures is more important
than the costs of repairing low-cost power supplies.
Your
Estimate

Costs to repair
Packing for shipment
Cutting No Charge Purchase Order
Freight Charges (2 ways)
Receiving, incoming test and inspection
Total to implement guaranteed repair

Lambda
Estimate
$10
25
15

25
75

To get cost of failure add:
Field Service Call

200

Cost of down time (actual and
product reputation)

7
275+
825+
4125+

3failures will cost you
15 failures will cost you

If you spend as much as $10 each for on-site repair of 15 failed low-cost power supplies, you will save $970 on the
cost of implementing the guarantees.

The lowest cost power supplies are
those with the fewest failures
regardless of guarantees and initial
price
Lambda quality means
LO series power supplies have
fewer failures than any other
low-cost, open-frame power supplies

A

LAMBDA

ees

ELECTRONICS

515 BROAD HOLLOW ROAD, MELVILLE, L.I., NEW YORK

INC

11746 (516) 694-4200
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6 Amp Monolithic OV Protectors
$5.00 Qty 1 $3.40 Qty 1000
TO-3 PACKAGE, NO EXTERNAL
COMPONENTS NEEDED
LAMBDA OVERVOLTAGE PROTECTORS
L-6-0V, L-12-0V, L-20-0V, L-35-0V Series
General Description
The Lambda overvoltage protector prevents damage to the load caused by excessive power supply output voltage due to improper adjustment, improper connection, or failure of the power supply. Load protection is accomplished automatically by effectively short circuiting
the output terminals of the power supply when apreset 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.

Overvoltage Protector Performance Specifications
1-6-0V
SERIES
PARAMETER

SYMBOL

On Stitt Current

I
DC

On State Volt.®

MIN
-

MAX

MIN

MAX

12A

-

20A

-

35A

1.3V

-

1.4V

-

1.6V

-

70A

-

200A

-

2604

-

350A

-

25mA

-

5mA

-

5mA

-

5mA

1
p
IS

-40°C +100 °C

ducting or "OFF" state.
***Case temperature for overvoltage protector in conducting
or "ON" state. Power must be removed and case temperature allowed to drop to 100°C before application of output voltage.
The overvoltage protector must be mounted on external

-40 °C +100 °C -40 °C +100°C -40 °C +100 °C

Operating Temperature
(Conducting)"'TCC

-40°C +150 °C -40 °C +140 °C

Storage Temperature

Ts

-40°C +150 °C

Pcroor Dissipation
111 25 °C
Dents® 1.5W1° C
above 50 °C

PD

-40 °C +140 °C

heat sink to maintain case temperature below rated limit.

-40 °C +140 °C

When the overvoltage protector is used with a Lambda power
supply, the power supply chassis acts as the heat sink. The

40 °C +125 °C -40 °C +125 °C -40 °C +125 °C

L-12-0V, L-20-0V, L-35-0V, overvoltage protector is supplied

150
WOGS

with mating connectors for pins on overvoltage protector (+V
and -V engraved on unit).

Thermal Resistance

1.0 °CAV

R OJC

NOM
SUPPLY
TRIP POINT
VOLTAGE VOLTAGE A
(VOLTS)
(VOLTS/

A

MIN

-

Standby Current

5
6
9

MAX

-

Non Repetitive Peak
Surge Current'

TCB

MIN

"For sinusoidal current duration of 8.3 milliseconds max.
"Case temperature for overvoltage protector in non-con-

L-35-0V
SERIES

6A

-

Operating Temperature
(Blocking)"

MAX

L-20-0V
SERIES

2.5V

OC

V

1.12-0V
SERIES

OVERVOLTAGE PROTECTORS
6AMP
MODELS

6.6 0.2
7.3 2.2
10.5 ±.4

L-6-0V.5
L6-0V-6
L-6-0V-9

10

11.0±.5

12
15
18
20
24
28
30

13.7 0.4
17.0 0.5
20.511.0
22.8 ±.7
27.3 2.8
31.9 ± 1.0
33.5 ± 1.0

PRICE
OTY OTY
1
100

OTY
250

C/TY
1000

12 AMP
MODELS

OTY
1

$3.75
3.75
175

$340
3.40
3.40

L-12-0V-5
L-12.0V.6
L-12 0V-9

$11
11
11

L-12.0V-12
L-12.0V.15
L.12.0V.20
L.12 .0V.24
L.12-0v-28
L.12.0V-30

05
5
5

S4
4
4

L60V 10

5

4

3.75

3.40

L6-0V.12
t...6-0V-15
L60V 18
L-6-0V-20
L.6-0V-24
L.6.0V.28

5
5
5
5
5
5

4
4
4
4
4
4

3/5
3.75
3.75
175
3.75
3.75

3.40
340
140
3.40
3.40
3.40

PRICE
OTT
100

OTT
250

OTY
1000

20 AMP
MODELS

OTY
1

$6
e

$7.50
7.50
7.50

86.80
6.80
6.80

L-20-0V-5
L-20-0V-6

016
16

11
11

8
8

7.50
7.50

6.80
6.80

L-20-0V-12
L.20.0V.15

11
11.
11
11

e
8
8

760
7.50
7.50
7.50

6.80
6.80
6.80
6.80

L-20.0V.20
L-20-0V-24
20 OV 28
L20 OV 30

VOLTAGE TOLERANCE MAINTAINED OVER 0.71 °C DUE TO POWER DESIGN

32

OTY
250

OTY
1000

35 AMP
MODELS

OTY
1

$11.20
11.20

81060
10.50

$9.60
9.50

L 350V 5 020
I-35-0V-6
20

16
16

11.20
11.20

10.50
10.50

9.50
9.50

16
16
16
16

11.20
11.20
11.20
11.20

10.50
10.50
10.50
10.50

9.50
9.50
9.50
9.50

L-35-0V-12

20

PRICE
OTY
100

OTY
250

OTY
1000

S14.40
14.40

$13.80
13.60

$12.30
12.30

14.40

13.60

12.30

Outline Drawings

DIA.

1187

TYP. 2
PLACES
11

L-6-0V
4

1.050
MAX
3
T

3

L-6-0V

PRICE
OTY
100

0.1880 MAX
BOTH ENDS

L-12-0V

0.525R MAX
MAX

0.190

45 °
TYP.

0.83
MAX
DIA

MATES WITH AMP CONNECTOR
424262

0-059

-41

_t

0.326
0 308
0.460

OIA 2 LEADS

L-20-0V
L-35-0V

TYP
5
32 4 PLACES
32
TYP. 2
PLACES

1
_

11

it

MARKING

0.151
0.161 '"'"."`
2 HOLES

11)

10
64

L-20-0V
L-35-0V

0.420
6741-6

31
8

.:A1
.
-; ;,MATES WITH AMP CONNECTOR 60348.2

3 (cAsE)

19
gir

PIN CONNECTIONS

î

1.

2.
3.

No connection - but this pin must
be left floating for proper operation
of OV
+V - disconnect to reset
(Case) - V

DIMENSIONAL DRAWINC

SPECIFICATIONS

LO-Z and.

Regulated voltage
regulation, line ...0.15% for 105 to 125 VAC
regulation, load ...0.15% for 100% load change
ripple and noise ...1.5mV RMS, 5mV pk-pk with either
positive or negative terminal grounded
remote programming
resistance
200 ohm/volt
temperature
coefficient
003%PC

OUTPU1
187 DIA. MTG. HOLES
4 HOLES, EACH SURFACE
MOUNTING
HOLES FOR
OPTIONAL OVERVOLTAGE
PROTECTORS
CHASSIS GROUND

E

AC input

INPUT
TERMINALS

line

105-125 VAC/210-250 VAC, 47-440Hz
(derate 10% at 50 Hz). Consult factory
for operation at frequencies other than
47 to 63 Hz.

j

H
G

112.0V (OPTIONAL)
EXTERNAL MTG ON LOS-2 AND LOO-O

MODEL NO ,RATINGS.ETC
SCREENED 05 THIS SURFACE

ALTERNATE MOI
OVE

Efficiency
minimum

25% for 5V, 6V models. 35% for 12V,
15V and triple output models. 48% for
20V, 24V, 28V and dual output models

rif

3/4
15/32
1

Overshoot
no overshoot on turn-on, turn-off or power failure.

LO-X and -

Ambient operating range

187 DIA MTG HOLES '
4 HOLES
3 SIDES

continuous duty from 0° to 60 °C

A

Storage temperature range
-20 °C to +85 °C

Controls
simple screwdriver output voltage adjustment over voltage
range.

Remote sensing
provision is made for remote sensing to eliminate effects of
power output lead resistance on DC regulation. Connected for
local sensing at factory.

(OW

INPUT TERMINALS
LOS-X & LOT-X

Overload protection

INPUT TERMINALS
LOSM & LOT-W

external overload protection; automatic electronic current limiting circuit limits the current to apreset value

oc
3/4

Tracking Accuracy
(Dual and Triple Output Models Only) 2% absolute voltage
difference, 0.2% change for all conditions of line, load, and
temperature.

Mounting

LO-y and .184 DIA. MTG. HOLES

three mounting surfaces on packages Z, Y, X, W; two mounting surfaces on packages V & R; three mounting positions (all
models).

Finish

A
î TYP

4i

Gray, Fed. Std. 595 No. 26081

Physical Data
PACKAGE
MODEL

32

INPUT
TERMI

WEIGHT
LBS. NET
LBS. SHIP

SIZE
(INCHES)

LO-Z

2

LO-Y

4

4-1/4

5-5/8 x 4-7/8 x 2-1/2

LO-X

6-1/2

7

7x 4-7/8 x 2-3/4
9 x 4-7/8 x 2-3/4

2-1/4

OUTPUT AND
SENSING TERMINALS.
LOT MODELS

4-7/8 x 4 x 1-5/8

LO-W

7-3/4

8-1/4

LO-V

10-1/4

11-3/4

4-7/8 x 13-3/4 x 4-7/8

LO-R

14-3/4

16-1/4

4-7/8 x 16-3/4 x 4-7/8

Guaranteed for 60 days
60 day guarantee includes labor as well as parts. Guarantee
applies to operation at full published specification at end of 60
days.

e_

GROUND LUG

.184 DIA MTG. HOLES
T-O
IC

.184 DIA. MTG. HOLES
4

OUTPUT
TERMINALS
-J
NO. 8-32 NC-2
STUDS, LOS MODELS

3

A LAMBDA

L218

F.I.F.:("1120

OEM Users
New Reduced Prices For LAMBDA LO Series
Effective Oct. 1, 1977

LOS-V-5
5V 17A

Ni

LOS-Z-5
5V 3A

LOS-X-5
5V 9A

UPTO

27%
Price Cut

LOS-Y-5
5V 6A

on quantities of 50 and 100

LOS-R-5
5V 25A
OS-W-5
5V 12A

The world's largest manufacturer of low-cost
open-frame power supplies, proven
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MEMORY DESIGN: Microcomputers to Mainframes /edited by Laurence Altman, Senior Editor,

Electronics /192

pages, $12.95.

THE MEMORY BOOK
memory
design
memory
design
memory design:
MICROCOMPUTERS
TO MAINFRAMES
=,..= memory
design
memory
design
_Electronics.
116"ok Series

YOUR KEY TO SUCCESSFUL MEMORY DESIGN.
This newest book in the highly respected Electronics
Books Series provides you with the most up-to-date
and authoritative information compiled from the
pages of Electronics Magazine. You'll learn exactly
how to apply the new technology and components to
meet specific design goals. And you'll be fully
prepared to work with everything from small
microcomputer-based systems to large memory-rich
mainframes.
You'll have instant access to the NEW
industry-standard memory devices.
•the 16-k RAM that offers high start-up reliability
•the 4-k static RAM that saves costs on power
•the speedy RAM that runs cool with power-down
circuitry
•the dynamic injection logic random-access memory
that competes with MOS designs
•the biggest erasable PROM that puts 16,384 bits on
achip
•the electrically alterable ROM that doesn't use
nitride
•and much, much more

You'll learn all about the latest memory technology.
•the cheaper RAMs, reprogrammable ROMs, CCDs,
and bubble memories that are being developed now
•five technologies that squeeze more performance
from memory chips
•grooves to add new dimension to V-MOS structure
and performance
•cutting costs and boosting performance with
injection logic
•and much, much more
You'll discover specific applications to use NOW.
•flag potential problems with 4,096-bit RAMS
•ease memory design for mainframes and
microcomputers with the 16-k RAM
•Expand amicrocomputer's memory
•predict the real costs of semiconductor-memory
systems
•check on the reliability of 4-k RAMS
•and much, much more
Solidly packed with usable, up-to-date, reliable data
and guidelines, this is your key to successful
memory design on any scale.

Order today, and don't forget the other valuable books in the Electronics Books Series listed on the coupon below.
Electronics Book Series
PO. Box 669, Hightstown, N.J. 08520

If after my 10-day free-trial examination Iam not fully satisfied,
Iunderstand that my payment will be refunded.

1. Microprocessors
Send me
copies at $8.95 per copy.

O Payment enclosed
O Bill firm
13 Bill me
charge to my credit card:
O American Express
D Diners Club
O Bank Americard
CI Master Charge*

2. Applying Microprocessors
Send me
copies at $9.95 per copy.
3. Large Scale Integration
Send me
copies at $9.95 per copy.

Acct No.

r

ri j

Date Exp.

on Master Charge only, first numbers above name

4. Basics of Data Communications
Send me
copies at $12.95 per copy.

Name

5. Circuits for Electronics Engineers
Send me
copies at $15.95 per copy.

Company

6. Design Techniques for Electronics Engineers
Send me
copies at $15.95 per copy.

Street

7. Memory Design: Microcomputers to Mainframes
Send me
copies at $12.95 per copy.

City

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

Signature

Title

State

Zip

CABLE
TESTING
THE WAY IT
SHOULD BE

Quickly and inexpensively.
Tests 1to 50 conductors with
continuous readout Locates shorts,
open, pair reversals, intermittent
connections, ground shorts and
shield shorts.
All for under $200. Call or write
us for information.

CORECTOR 1000

,
Pennie71

...

cost savers in electronics

11035 Harry Hines Blvd, Suite 212
Dallas, Texas 75229
(214) 350-6714 or 350-6829

Circle 228 on reader service card

1HE High Frequency
Lock-in Amplifier
from
1HE Leaders in
Signal Processing
Technology

New products
Microprocessors

Microprocessor
interface has
its own clock

XYBasic interpreter runs
on 8080-based computers

Capable of running on any 8080based microcomputer with 8 kilobytes of memory, an XYBasic interDesigned to be used with Signetics'
preter allows users to write and
2650 microprocessor, the model debug programs easily in a high2656 system memory interface (smi)
level language (XYBasic), instead of
is asingle monolithic chip that incor- working in inconvenient assembly
language. Among the especially valporates its own memory, input/output ports, and clock generator. The uable features of the language and
the assembler are adelay command,
circuit includes 16,384 bits of readonly memory, 8,192 bits of which essentially duplicates the
read/write memory, eight multipur- functions of a real-time clock; a
pose I/O pins, and aclock generator direct-access mode in which asingle
that can be controlled by a crystal, command gives the user or the
an RC circuit, or an external signal. computer access to a specific input
Each of the multipurpose vo pins or output port; and TRACE and
can be either a chip-select pin or a BREAK commands, which make posdata port. Like the contents of the sible one-step debugging.
ROM and the frequency divisor of the
After loading the interpreter,
clock circuit, the function of the I/O which can be done in as little as 5
seconds, the user needs only to run
pins is determined by mask programthrough a brief initialization diaming during chip manufacture.
A particular feature of the 2656 is logue to be ready to start programthe ease with which it lends itself to ming. Because the editor and assemmultiple-chip configurations. As an
bler are part of the package, there is
no need to load them separately.
ri;011
ir
The interpreter is available on
r4Y ès
paper tape or floppy disk, complete
a with a manual and a programming
a guide, for $295. The manual is
offered separately for $20.
.
,

r

Mark

Williams Co.,

1430 W.

Wrightwood

Ave., Chicago, III. 60614. Phone (312) 4726659 [403]
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5202 can provide you

kHz-50 MHz operation

10 µV full-scale (FS) sensitivity
2000:1 dynamic reserve
Two-phase operation
Optional Vector/Phase output
Optional A/B, log A or log A/B
output

Find out now how the Model 5202 can
simplify, solve or streamline your high
frequency measurement problems.
Write or call today for more information.
Princeton Applied Research Corporation,
P. 0. Box 2565, Princeton, New Jersey
08540; phone: 609/452-2111.

PRMCETOD APPLIED RESEARCH
eEGEG

228

Terminal develops programs

•

example, up to seven additional
circuits can be added to the basic
two-chip system with no need for
any special interfacing circuitry.
Furthermore, more than one smt can
be used with asingle microprocessor
when additional memory, I/O capability, or clocking is needed.
The smi is housed in a40-pin dual
in-line package and operates from a
single 5-v supply. It sells for about
$17 in lots of $1,000 or more pieces.
Signetics Corp., 811 East Argues Ave., P. 0.
Box 9052, Sunnyvale, Calif. 94086. Phone
Rick Eklund at (408) 739-77001401]

for 8080-based systems
The HP 13290B cathode-ray-tube
terminal is designed to aid programmers who develop, test, and debug
programs for microcomputers built
around 8080-type microprocessors.
With a software package that is
loaded into its random-access memory from a tape cartridge, the
terminal allows auser to display and
change the processor's registers and
any portion of his program.
Programs up to 44 kilobytes long
can be accommodated by the

CIfV1I'A^1

Circle 116 Additional information only.
Circle 115 Have salesman call.
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Come to the specialist.
We started out pretty small back in '61. But we were big on product quality
and reliability. Had to be. Uncle Sam was our only customer. Over the
years we stuck with our own technology. We grew. Became specialists.
And we kept on improving our power supplies.
It all paid off. Just look at Abbott today.
Militarized Power Supplies — Our early bread-and-butter line has grown
to over 1500 versions. Some we stock. Yet we're equipped to provide
fast delivery on any number of high efficiency, hermetically sealed, single
or dual output power supplies and switcher modules. That includes our
popular 60 and 400Hz and DC versions with outputs from 3VDC to
740VDC, 1to 250 Watts. And prices go as low as $174 for 2-4 units.
For Catalog Circle Card Number 100
Industrial Power Supplies — Ours isn't a big line yet — only 279 models.
But you won't find a better quality of OEM power modules anywhere.
(It's just our
way of thinking.) We provide covered/open frame,
AC to DC single, dual and triple output versions, with outputs of 5to
36VDC, 0.5 to 320 Watts. Plus DC to AC converters with 50 to 60Hz outputs.
Competitively priced? You bet. As low as $35 for up to 24 units.
For Catalog Circle Card Number 101
Transformers — For the do-it-yourself power supply designer who wants
our kind of quality for his own military, industrial and pcb application. If
you're one of them, we offer over 800 standard transformers, with
instructions on how to specify for your custom units. Included are 60 and
400Hz, single phase input versions. Prices start as low as $5.10 for up
to 9pieces.
For Catalog Circle Card Number 102

See Power Supply Section 4000, and Transformer Section 5600, Vol. 2, of your EEM
catalog; or Power Supply Section 4500, and Transformer Section 0400, Vol. 2, of your
GOLD BOOK for complete information on Abbott products.

a b bott

transistor

LABORATORIES,

INCORPORATED

General Offices
5200 W. Jefferson Blvd., Los Angeles 90016
(213) 936-8185 Telex: 69-1398

Eastern Office
1224 Anderson Ave., Fort Lee, N.J. 07024
(201) 224-6900 Telex: 13-5332
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The
magazine
you're
reading now,
could be
your own.

New products

13290B, which comes equipped with
64 kilobytes of 400-ns RAM and 22
kilobytes of read-only memory. The
development terminal's selling price
is $6,950.
Inquiries

Manager,

Hewlett-Packard

Co.,

1507 Page Mill Rd., Palo Alto, Calif. 94304
[404]

Memory and I/O board works
with TM 990/100M computer
A board designed to expand both the
memory and the input/output capability of Texas Instruments' TM
990/100M microcomputer contains
2,048 16-bit words of erasable
programmable read-only memory,

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.

Electronics
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THE INTERNATIONAL MAGAZINE
OF ELECTRONICS TECHNOLOGY

Wedge'
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1,024 words of static read/write
memory, and three TMS 9901
programmable systems interface
chips, which provide input, output,
and interrupt lines. The result is that
the board provides 48 uo lines
programmable as inputs or outputs
in groups of two. In addition there
are 18 other inputs, 12 of which have
optional input latches for edge-triggered signals. The uo lines may be
buffered or power-inverted or have
pull-ups, pull-downs, or standard
terminations. There are 15 possible
interrupts on each TMS 9901, with
each group code readable through an
auxiliary input port.
Production quantities will be

Electronics/March 16, 1978

The Teledyne Data Conversion Notebook

When accuracy is
more important than speed...
Specify Teledyne A/D Converters
In most A/D converter applications,
high speed is a luxury you don't need, but
often pay for. Inaccuracy, on the other
hand, will almost always hurt you.
At Teledyne, we analyzed the trade-offs
and decided to provide a family of A/D
converters with ample speed (1 to 20ms)
to handle 90% of industrial and instrumentation applications, but with the emphasis
on linearity and immunity to noise. And we
added a bonus: we made them easy to
use; Just add 2 capacitors and 4 resistors
— and you're converting.
So ask us about our 8700 series of
monolithic A/D converters; 8, 10 and 12
bit binary with or without three-state
outputs, and 31/2 digits BCD. They are all
available off the shelf; they are all reliable;
they are all low power CMOS, and prices
start at $5.60 for 1K quantities.
For immediate information contact
Michael Paiva at (415) 968-9241, X 241.

For specific information on individual A/D
converters, please circle the appropriate
Reader Service number, as indicated.
Binary, 8, 10 & 12 bits — 266
Three-state Binary, 8, 10 & 12 bits — 267

CTELEDYNE SEMICONDUCTOR

BCD, 31
/
2 digits — 268
All of the above — 269

1300 Terra Bella Avenue, Mountain View, California 94043 •(415) 968-9241
SALES OFFICES: DOMESTIC: Salem, N.H. (603) 693-9551; Stony Brook, N.Y. (516) 751-5640;
Des Plaines, IL (312) 299-6196: Los Angeles, CA (213) 826-6639; Mountain View, CA (415) 968-9241
INTERNATIONAL: Hounslow, Middlesex, Eigland (44) 01-897-2503; Tiengen. West Germany 7741-5066;
Kowloon. Hong Kong 3-240122; Tokyo, Japan 03-403-8141
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Their Computer;
Our Tape Deck,
Your Gain!

New products
available within 30 days. Smallquantity pricing will range from
$395 for a board with unbuffered
inputs and outputs and no memory
to $635 for a buffered and fully
populated board.

Still putting up with year-long delivery waits
for tape decks from your minicomputer
vendor? Digi-Data's compatible magnetic
tape systems are yours in one fourth the
time... and for half the priCe. Whether your
minicomputer is the DEC PDP-11, the Data
General Nova or Eclipse, or the HP 2100/21
MX, you have apractical alternative ... and
with extra choices in the bargain!

Digital

Interface Systems

Inc.,

P. O.

Box

1446, Benton Harbor, Mich. 49022 [407]

65,536-bit ROM has
200-ns access time

You can get the tape deck alone, or with
formatter and computer interface. Specify
7-in., 81
/-in. or 10 1/
2
2-in, reel size. Get different
speeds, plus either NRZ or phase-encoded
formats and total playback/record interchangeability with any other ANSI-compatible computer tape. Get all these advantages,
along with the reliability and ease of maintenance of Digi-Data's complete minicomputer tape system, proven in thousands of
installations. Now add our 2:1 price edge
and 60-90 day delivery, and it's no wonder
Digi-Data tops them all.

Although it consumes amaximum of
200 mw in its active mode (25 mw in
standby), the MK 36000 65,536-bit
read-only memory has an access
time of only 200 ns. Organized as
8,192 bytes, the ROM is powered by a

For afull product catalog and details on
ordering single units or quantities, call or
write today.

0»

®

DIGI-DATA
CORPORATION

single 5-v supply —two factors that
make it especially suitable for modern microcomputer applications. The
unit's three-state output can drive
two transistor-transistor-logic loads
and 100 pF. It is housed in a standard 24-pin dual in-line package.

8580 Dorsey Run Road, Jessup. MD 20794
(301) 498-0200

•.. First in Value!

Mostek Corp., 1215 W. Crosby Rd., Carrollton, Texas 75006. Phone Derrell Coker at
(214) 242-0444 [405]

50-instruction computer is
aimed at toys, appliances

,
Circle 232 on reader service card

The MN1403 microcomputer is a 4bit circuit intended for use in such
low-cost, high-volume applications
as toys, TV sets, and home appliances. Although housed in a
compact 18-pin dual in-line package,
the computer boasts such useroriented features as a 50-instruction
repertoire, a two-level subroutine
stack, one 4-bit parallel input port,
one 4-bit parallel output port, one

Electronics /March 16, 1978

THE BEST VALUE IN
OSCILLOSCOPES
COMES IN MANY MODELS.
When you choose a Gould
oscilloscope — regardless of
the model — you get reliability, versatile performance
and amodest price tag. All
of which adds up to true
value. Over the years, Gould
has earned awell-deserved

reputation for building reliable instruments. Prompt,
efficient service is available
through aworldwide network of service centers.
And all Gould oscilloscopes
carry afull two-year warranty covering all parts and
labor exclusive of fuses,
calibration and minor
maintenance. Look to Gould
for your best value in
oscilloscopes.
For more information
contact Gould, Instruments
Division, 3631 Perkins Ave.,

Gould OS 245A

Cleveland, OH 44114. In
Europe contact Gould
Advance Ltd., Roebuck Rd.,
Hainault, Essex, CBIO 1EJ
England.
For brochure call toll-free
(800) 325-6400, Ext. 77. In
Missouri: (800) 342-6600.

Gould OS 3300 B

•DC to 10 MHz
•Dual trace
•4 inch CRT
•5 mV/div sensitivity
•Only 11 pounds

•DC to 50 MHz
•Dual trace
•Two independent timebases
•Mixed sweep
•1mV/div sensitivity
•Channel Sum and Difference

Gould OS 1100
•DC to 30 MHz
•Dual trace
•1mV/div sensitivity
•Delayed timebase
•Channel Sum and Difference

Gould OS 260
•DC to 15 MHz
•True dual beam
•High brightness CRT
•2 mV/div sensitivity
•Single Sweep
•Switched X—YY

Electronics/March 16, 1978

Gould OS 4000
•DC to 10 MHz—dual trace—
digital storage (RAM)— no
deterioration of stored trace
—pre-trigger viewing—
output to analog and digital
recorders—simultaneous
stored and real time viewing.

Circle 233 on reader service card

233

Electronic Load Cells...
lnte
for\

New products

Precision Force Measurement
Want to measure force, weight, thrust—with precision? Start with
accurate, dependable instrumentation at the source!
Super-Mini strain gage load cells—with capacities from 10 to
1000 pounds—provide aguaranteed error band for non-linearity,
hysteresis AND repeatability of less than ±0.04%—are thermally
compensated to within 8PPM/°F—operate in tension or compression with 3mV/V output, nominal—are priced from $160 each.
Five pound to 100 ton capacities offered in other models—all
with 2 year warranties. Interface, Inc., 7401 E. Butherus Dr.
Scottsdale, Arizona 85260 USA. (602) 948-5555. Telex: 668-394.

Low Profile

Sealed Super-Mini

Minibeam

input sense line, four discrete output
lines, and operation from asingle 5v supply. The four discrete outputs
can be used to activate relays or
indicator lamps.
Included on the n-channel metaloxide-semiconductor chip are 16
words of read-write memory, of
which four are directly addressable,
512 words of read-only memory, a
clock generator, and an arithmetic/logic unit. The instruction cycle
time is 10 µs.
Panasonic, One Panasonic Way, Secaucus,

Interface

N. J. 07094. Phone Bill Bottari at (201) 3487276 [406)

ADVANCED FORCE MEASUREMENT

Circle 117 on reader service card

Language is designed for
6500 microcomputer family

EDMUND SCIENTIFIC
eti eets
o .
qes

eete '

-
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n
Otile.

eteigeS
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164 PAGE CATALOG
Over 4,000 unusual bargains for science and industry
In-stock supplies for engineers, experimenters,
search labs, hobbyists, etc.

re-

Order direct and save—buy with complete confidence
...every item carries the famous Edmund 30-day
money-back guarantee.
• Simply mail this coupon
catalog.

for the

newest

Edmund

RUSH LATEST FREE EDMUND CATALOG
EDMUND SCIENTIFIC CO.
Dept.EX06, Edscorp Building, Barrington, N.J. 08007
Name

Computer Applications Corp., 413 Kellogg,
Ames, Iowa 50010. Phone (515) 232-8181

Address
City

234

A systems implementation language,
CSL/65, which resembles PL/1 and
Algol, has been developed for the
6500 microcomputer family offered
by Rockwell, Synertek, and mos
Technology. Versions are currently
available for the Rockwell System
65 development system and any
PDP-11 using the RT-11 operating
system. Other versions will be
announced later this year. CSL/65
produces assembler code rather than
object code. This allows the programmer to optimize the program at
the assembler level and indeed to
drop into assembly language whenever he or she feels it is necessary.
Output from the CSL/65 compiler is
passed to the assembler, which is
part of the System 65 monitor, or to
the MINmic assembler, which is
required by users of the PDP-11.
The CSL/65 compiler sells for
$1,000; the MINmic 1165 assembler
goes for $900.

State

Circle 234 on reader service card

Zip

[408)
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We brought you the first 4K static RAM —
and delivered it a year and a half ahead of
anyone else. We were the first to put
it and its many descendents into volume
production.
Now we'd like you to meet the new King of
the Static RAMs ... the 1K x8, 300 nsec
SEMI 8108. Look at his credentials!
A 1K Byte memory system in a single
package.
300 nsec access time. The speed you'll
need for microprocessor systems.

E

RR

Low operating power — lust 33 p.W per bit.
(7 1,W per bit standby.)
Packaged in industry standard 22-pin DIP,
for a 30% saving in board space over
18-pin 4K devices.
The new King will soon mount his throne
to lead you to new design conquests.
Call or write us for advance technical
information.

meM0111,

at We*

SEMI, INC.

A subsidiary of Electronic Memories & Magnetics Corp.. 3883 N. 28th Ave., Phoenix, Arizona 85107 (602) 263-0202
ALABAMA: Gentry Associates, Huntsville 205/534-977' • ARIZONA: EMM, Phoenix 602/263-0202 • CALIFORNIA: EMM, Hawthorne
213/644-9881; EMM, Los Alamitos 213/598-8705; DIM, Burlingame 415/692-4251; Varigon, El Segundo 213/322-1120 • FLORIDA: Gentry
Assoc., Orlando 305/894-4401 • GEORGIA: Gentry Assoc., Atlanta 404/455-1206 • ILLINOIS: EMM, Des Plaines 312/297-7090 • MASSACHUSETTS: EMM, Lexington 617/861-9650 • MINNESOTA: EMM, Hopkins 612/933-7115 • NEW JERSEY: EMM, Chery Hill 609/779-7911
• NEW YORK: EMM, Melville 516/423-5800 • TEXAS: EMM, Dallas 214/231-2539; Young Sales, Dallas 214/341-2900 • WASHINGTON:
The Thorson Co., Bellvue 206/455-9180 •CANADA: Cantec. Ottawa 613/255-0363
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Circle 235 on reader service card
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New products/materials
Reversible digital decals will change
from ablank readout to acalibrated
temperature readout when heated
above a threshold and then will go
blank when the temperature falls
under the minimum calibrated level.
The threshold temperature may be
selected from 40°C to 70°C. The selfadhesive devices may be used on
transformers, motors, reactors,
switch disconnects, and appliances.
A free evaluation sample and catalog are available upon request.

minutes at 80°C, and can be applied
mechanically or by screen printing.
Its volume resistivity is 0.00040.0008 ohm-cm. Half-ounce evaluation kits sell for $170.00 each.
Deliveries are from stock.
Marketing Department, Epoxy Technology
Inc., P. 0. Box 567, 14 Fortune Dr., Billerica,
Mass 01821 [476]

A durable-dielectric coating cleaner
will remove surface contaminants
from coatings such as detector trimmers, color-separation filters, beam
splitters, and most infrared filters.
This material contains no silicones,
which could adhere to the coating
and cause nonuniform spectral characteristics. It cleans away fingerprints, as well as most smudges,
scum, smears, film, and soil. It sells
for $5.25 per can with a minimum
order of two cans.

William Wahl Corp., 12908 Panama St., Los

Marketing

Angeles, Calif. 90066 [480]

1599, Santa Rosa, Calif. 95402 [477]

A two-part gold epoxy adhesive
designed for microelectronic chipbonding applications has a noncritical 1:1 mixing ratio by weight or
volume. H81E has a two-year shelf
life at room temperature and a
three-day pot life after mixing at
room temperature. The curing process takes 5minutes at 150°C and 90

Two microwave absorbers work
equally as well in both indoor and
outdoor uses. These open-cell foam
materials can handle high-power
illumination indoors and can shed
rain easily outdoors, with absorption
capability of up to 10 watts per
square inch. The standard base size
for both products is 24 by 24 in.
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MEV8 Noise Loading Test Set
Noise generator and receiver measure
radio relay and cable systems in FDM
telephony — 24 to 2700 channels.
• CCIR /CCITT compatible.
• Up to 7frequencies simultaneously.
• Direct reading of noise ratio and level.
• Transmission level dial and difference
from TL dial.

na yzer
Ideal for developing, commissioning and
field maintenance. Measures video to
video frequency range characteristics of
TV transmission systems: satellite, coaxial and microwave relay.
• CCIR compatible.
• Generate composite sync signals.
• Automatic measurement and digital
display of DG — DP.

linritsu

ANRITSU ELECTRIC CO., LTD.
MEASURING

INSTRUMENTS DIVISION

12-20 Minamiazabu 4-chome, Minato-ku Tokyo
106, Japan
Tel. (03) 446-1111, Telex 0-242-2353
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ME434/525 Microwave System Analyzers
Best price/performance MSA available.
Ideal for lab, production and field testing.
Meets all INTELSAT and other requirements.
• 70 MHz, 140 MHz, 70 & 140 MHz
models.
• Simultaneous measurement in and out
of band.
• Wide IF coverage
. .easy to read
markers.
• Easy measurement of AM-PM Conversion.

Sales and Service in North America by Tau-Tron, Inc.
North America Tau-Tron, Inc. Tel (617) 667-3E74 • West Germany Knott Elektronik
GMBH Tel (08178) 4085 • England Dymar Electronics, LTD. Tel. Watford 37321
• France Tekelec Airtronic Tel. (1) 946-96-48 • Italy Vianello SpA Tel. 544041
• Sweden Teleinstrument AB Tel 08-380370 • Singapore O'Connor's (Pte.) Ltd. Tel. 637944
• Australia NEC Australia Pty. Ltd. Tel. MelboJrne 560-5233

Prices are available upon request.
Microwave Products Division, Emerson and
Cuming Inc., Canton, Mass. [478]

A caulking and sealing compound can
be used for isolating terminals from
contact with potting compounds or
for sealing molds on the production
line. Eccobond 211's good dielectric
properties make it useful for temporary bonding of components and
circuitry, as well as weathersealing
for radomes, glazing, and acting as a
spot adhesive for a microwave
absorber. This one-part material will

stick to virtually any material,
including polyethylene, polypropylene, and polytetrafluoroethylelene,
which normally defy adhesion. The
material has a dielectric strength of
300 volts/mill (11.8 kilovolts/millimeter) and a dielectric constant of
10 3 to 10'° hertz. Eccobond 211
comes in 20-foot rolls at $12 per roll.
Emerson

& Cuming

Inc.,

Canton,

Mass.

02021 [479]

World's Premier Line
•
They're all Performance-Proven ... and only Tau-Tron makes all of them
PCM/T1-T4 •Optical •Magnetic Tape •Telemetry

S-1001

200 to 1,000 MB

Ideal research tool for wide-band communications system and component testing, especially optical R & D.
• Transmitter has error injection.
• Two PN codes 127 bits/32,767 bits.
• Receiver has automatic synchronization and clock AGC.
• Clock/data phase control.
• Bit-by-bit error count.
• Totalize/error rate modes/freq. count.

TMI

DC to 550 MB

For lab/production applications in PCM/
optical/mag tape Very flexible, major
features are derived from standard and
optional modules.
• Four systems: dc to 75 MB, 1MB to 150
MB, 1 MB to 325 MB, 1 MB to 550 MB.
• Variable length PN codes.
• Auto/manual synchronization
• Printer output.

Sales and Service in Japan by Anritsu, Ltd.
Japan Anritsu, Ltd., Tel (03) 446-1111 • W. Germany Knott Elektronik GMBH
Tel. (08178) 4085 • England ELEX Systems, Ltd. Tel. (0344i 52929
• Franca E. T. A. T. Tel. 272-3797 • Holland C. N. Rood By Tel. (070) 99 63 60
• Scandinavia Erik Ferner A/S Tel. (01) 161100 • Switzerland Interest AG Tel. (031) 224481
• Singapore Singapore Electronic, Ltd. Tel. 807145 • Australia Dindima Group Tel. (836) 6533

PTS-107

DC to 55 MB

For lab testing/field applications in T-1,
T-2, T-3, with B3ZS, B6ZS, HDB3, HDB6
as well as in optical/mag tape/telemetry
with NRZ-S, NRZ-M, Miller, Bi —
— L,
M, S, and RZ codes.
• Fixed words (PN codes — alone or
mixed).
• Clock recovery .. .auto phasing.
• Auto ranging counter ...error injection ... data blanking.

Pi

11 Esquire Road,North Billerica, Mass. 01862
Tel: (617) 667-3874
TWX: 710-347-1570
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Electronics Magazine
Book Series.
APPLYING
MICROPROCEB

;;;;;
New hanlwata.
software and
applications
eras

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
[SI devices, [SI 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

new
L

memory
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5. Circuits for Electronics Engineers Contains 306 circuits
arranged by 51 functions from Amplifiers to Votage 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

When you
need
meaningful
resolution
of both
capacitance
and loss...

The technology, devices, and applications that link memory components and system design. $12.95

8. New Product Trends in Electronics, Number One
From "New Products," state-of-the-art materials and equipment,
arranged according to function. $14.95
- Electronics Book Series P.O. Box 669, HightstoWn, N.J. 08520
1. Send me
copies of "Microprocessors" at $8.95 per copy.
2. Send me
copies of "Applying Microprocessors" at $9.95
per copy.
3. Send me
copies of "Large Scale Integration" at $9.95
per copy.
4. Send me
copies of "Basics of Data Communications" at
$12.95 per copy.
5. Send me
copies of "Circuits for Electronics Engineers"
at $15.95 per copy.
6. Send me
copies of "Design Techniques for Electronics
Engineers" at $15.95 per copy.
7. Send me
copies of "Memory Design: Microprocessors
to Mainframes" at $12.95 per copy.
8. Send me
copies of "New Product Trends in Electronics"
at $14.95 per copy.

ItiNgZill
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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.
E Payment enclosed
Charge to my credit card:
I CI American Express
I BankAmericard/Visa

El Bill firm

PIA 1111% AUTOIMTIC CAP•01•Mit MOE

CAPACITANCE UN« al,
•

•
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n.

E Bill me

E Diners Club
E Master Charge

I Acc't No.

Date exp.

On Master Charge only,
first numbers above name
I Name

Title

ICompany

IStreet
I City

State

Zip

Signature
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Why settle for
half the answer?
The versatile Boonton Model 76A, an automatic
1 MHz capacitance bridge, solves the complete

measurement problem with fully independent
range selection or autoranging of both capacitance
and loss. It has separate displays, automatic zero
offset correction, continuously variable test level
and true three-terminal measurement.
In addition to decade ranging of parallel capacitance from 2to 2000 pF f.s. and conductance from
2 to moo ,µS f.s., the Model 76A will compute the
equivalent series capacitance and series resistance, equivalent parallel resistance, dissipation
(
tan (i) and Q of the test specimen. And the Model
76A can also display any capacitance measurement as a deviation, or as a percentage deviation
against a previously entered and stored reference
value.
Options include the 488 Bus Interface, BCD
outputs and an internal programmable bias supply.
Now there's really no reason to settle for abridge
that gives half the answer. The Boonton 76A does
it all.
For complete data and prices on the Model 76A,
contact your nearest Boonton rep or write or call:
Boonton Electronics, Rt. 287 at Smith Rd.,
Parsippany, N.J. 07054; (201) 887-5110.

How do you
resolve two signals
spaced 1Hz apart
at 2MHz?

With an EMR Model 1510 D gital Real-Time Spectrum
Analyzer and EMR Model 1520 Digital Spectrum
Translator. Simply add the optional EMR Model 1521
Range Extension Module to the 1520 Translator, and
you have real-time spectrum analysis at frequencies
up to 2MHz!
The CRT photograph illustrates the
result. The input
signal consisted of
two discrete frequencies spaced
1.0 Hz apart, with a
50 dB difference in
amplitude. The frequency range covered
is 25.6 Hz centered
about 1.990000 MHz,
and the frequency
resolution is 0.1 Hz!
Only EMR offers that much resolution at frequencies
up to 2 MHz in real time.
So if you have an analysis problem requiring highresolution/high-frequency real-time spectrum analysis, contact EMR ... we will arrange for ademonstration or detailed information.
Sangamo Weston, EMR Telemetry Division
P.O. Box 3041, Sarasota, FL 33578
813-371-0811

rSchlumberger
SANGAMO WESTON

Circle 86 on reader service card
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LOW COST
New literature

LOGIC STATE
ANALYZER
18
8?
84
88
18
18
77
88

did
818
444
888
8,84
.888
888
888

Thick-film materials. A product
guide gives information on thickfilm materials systems for hybrid
microcircuits, resistor networks, cermet trimmers and potentiometers,
and gas-discharge displays. A selection guide makes it easy to meet
performance, processing, and cost
requirements. Basic information on
the properties of thick-film resistor,
conductor, dielectric, solder and
braze, and conductive-epoxy compositions is also included in the 16-page
guide. Order by serial number
E-04869. Du Pont Co., Electronic
Materials Division, Wilmington,
Del. 19898 [424]

888
181
4Id
884
848
818
8'1".'
888

K1T-$229.00

ASSEMBLED-$295.00

The Model 100A has the major features of more costly
logic state analyzers. Operates with virtually any scope and
logic family; captures and displays sixteen 8-bit words
before or after apre-defined trigger word; formats data in
HEX or OCTAL groupings; offers single or repeating truth
tables; provides trigger output for waveform analysis.
For more advanced applications, add the mating
Model 10 Trigger Expander to the Model 100A. This integrated package offers 24 bits, qualifiers, program paging
and loop analysis capabilities. Model 10 prices: KIT$229.00; ASSEMBLED -$295.00; Model 100A/10
mounting baseplate-$9.95.

Components. Over 1,600 rectifiers,
rectifier assemblies, zener voltage
regulators, high-voltage rectifiers,

Each unit includes a 100-page User's Manual.

PARATRONICS, INC.
-"@

14081 263.2252

800 CHARCOT AVENUE •SAN JOSE, CALIFORNIA •95131

For a Demonstration Circle *119.
For Additional Information Circle *118.
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Solid state electronic MICRO-BUZZER from
CITIZEN: High reliability, competitively
priced with immediate delivery.
A complete range:

CITIZEN

CITIZEN AMERICA
CORPORATION
1710 -22nd St.
Santa Monica,
CA 90404

Name

Toll Free (800) 421-6516
In Calif. (213) 829-3541

C(11'

TWX: (910) 343-6450

Zip

IIMMM
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SAIB 1.5, 6, 12, 24, VDC
111AB 3, 6, 12, 24, VDC
I1AB (Intermittent) 6, 12, VDC

Display-prototype sheet. A 9-1)y-12inch adhesive-backed sheet allows a
designer to simulate full-size planar
gas-discharge displays for clock and
front-panel readouts. The POD letters, numbers, and symbols are
printed in neon orange on a black

Company
Address

1181
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State
Phone
BIM

11111

Klipvolt surge suppressors, and selenium rectifiers are described in a 19page catalog. A more in-depth
discussion of devices that are used in
X-ray equipment, electrostatic precipitators, motor controls, magnetic
clutches, microwave ovens, and radar transmitters is provided. STSemicon Inc., 415 College Ave.,
Bloomington, Ind. 47401 [425]

11111
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AVX thick film
is on the move.
AVX is moving its thick-film production into anew 15,800 squarefoot building, giving us more manufacturing capacity, greater
capability for product
development.
We're moving into
new markets, adding 6
European sales and service outlets to our worldwide distribution network.
And we're moving
into new products that
are functionally superior to any other thick-film materials you
have ever used. Products like asilver alloy conductor that doesn't
oxidize, apalladium silver that eliminates silver migration, a
dotting gold that prevents the catastrophic failures that frequently occur at aluminum to gold bonds.
If you haven't tested AVX thick-film materials in your
semi-conductor or hybrid circuit applications, it's time to make
your move. Contact AVX Materials, or one of our service oriented
distributors.

VA

ALS

AVX Materials Division, 10080 Willow Creek Road, San Diego, California 92131
Telephone (714) 566-9510 TWX 910-335-1547
European Representatives:
Adelco AG, (Zurich) — Switzerland, Ita!y and Israel Telephone: 01 54 70 60 Telex: 59667
Datentechnik, G.m.b.H., (Vienna) — Austria Telephone: (0222) 65 97 51 Telex: 11091
Epak Electronics Ltd., (Surrey) — England and Ireland Telephone: Reigate 49268 Telex: 948097
Rifa A.B., (Spanga) — Scandinavian Countries Telephone :8751 00 20 Telex: 13690
Tekelec Airtronic, (Sevres) — France Telephone: 027 75 35 Telex: 204552
T.S. Electronic Vertriebs, G.m.b.H., (Munich) — Germany and the Benelux Countries
Telephone: 089 22 58 04 Telex: 529875

Meet AVX at Salon des Composants, April 3—April 8in Hall 2— Allee P— Stand 61.
Represented by Tekelec Airtronic

Electronics/March 16, 1978
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NEW PRODUCTS!!
GENERAL PURPOSE MANUAL
MAGNETIC CARD
READER/WRITER

Amazing low cost:

US$20.00 or less for

background. Beckman Instruments
Inc., Helipot Division, P. O. Box
11866, Santa Ana, Calif. 92711
[426]

quantity lot F.O.B. Japan

Read only type:
US$ 10.00 or less for

quantity.

Model
SR D-200-1A

Applications:
Microwave Oven
Telephone Auto Dialing
ID and Security Terminal
VIP Gate Control System, etc.

S.R.D. CORPORATION
2-12-1, KAGA, ITABASHI -KU,
TOKYO, 173 JAPAN

WI

TEL: (03) 964-1151
TELEX: 0272-3546 SR D CO J

Circle 242 on reader service card

COLOR TV/FIA
(VHF, UHF)
PATENTED ANTENNA
Rollable 18" x 48" plain plastic or
acrylic-painted galaxy design. Just
hang on wall with rod supplied, beautiful! Uses no masts, no dangerous rabbit ears or plugging to AC lines; no
signal splitters, since UHF-VHF-FM terminals are available (and usable) simultaneously. Send $20 for plain
model or $30 for galaxy!!. (COD,
Master-chg., Visa). Sent pstpd. ins, airmail, guaranteed by:

"SKY-SLOT" ANTENNA
DESIGN CO.
11621 Hughes NE
Albuquerque, NM 87112.
SLOTTED ARRAY ANTENNA
242

New literature

200

Circle 123 on reader service card

Indicator lights. Several types of
indicator lights, including solidstate, neon and incandescent, midget
screw and rear-mount, Snaplite and
rectangular, along with specifications and ordering information, are
described in a publication from
Leecraft Manufacturing Co., 21-16
44th Rd., Long Island City, N. Y.
11101 [427]
Meters. Descriptions and specifications for Airpax meters with particular emphasis on the construction of
the meters are given in a 39-page
brochure. The Airpax design is used
in several types of meter housings,
including rectangular, edge-reading,
and medallion panel. Outline and
mounting dimensions for each type
of meter are also included. Airpax
Controls Division, 6801 W. Sunrise
Blvd., Fort Lauderdale, Fla. 33313
[428]
Materials. A 40-page handbook that
covers over 300 metals, alloys, and
nonmetallic materials is geared toward engineers who use thin-film
evaporation and sputtering processes. For engineers working with
the evaporation method, starter
sources, vapor deposition charges,
and metal-feed wire are listed; for
sputtering-process users, round and
rectangular-shaped targets as well as
S-gun and ring configurations are
given. Basic information on sputtering, evaporation, and material fabrication technology is supplied, along
with reference data. Materials Research Corp., Orangeburg, N. Y.
10962 [429]
Application notes. Information about
integrated circuits is given in three
monochip application notes. Of particular importance is APN 5, "How
Cost-Effective Are Custom ics?"
which compares the economies of
circuit designs using discrete components vs semicustom integratedcircuit designs at various volume
levels. Rework, supervisory over-

Over 20,000
in Use
Field Proven
Lab Accuracy DPM

PM-4
$170
0.02% Accuracy
•±1,±10,±100 or ±1000V
range.
•Auto zero & polarity.
•Programmable decimal.
•Range change capability.
•Protected input.
•1"H x2.5"W x3.25"D.
•Large 0.3" LED display.
Non-Linear Systems, Inc.
Originator of the digital voltmeter.
Bou N. Del Mer, California 92014
Telephone (714) 755-1134 PM( 910-322-1132

Circle 124 on reader service card

From Electronics
Magazine Book Series.
Zero-risk trial offer.
memory
design
memory
design
memory desigt
MICROCOMPUTERS
TO MAINFRAMES
memory
design
memory
dese
Bectronics
CrOat series

Memory Design:
Microcomputers to
Mainframes

The technology, devices,
and applications that
link memory components
and system design. As
published in Electronics.
$12.95

Electronics Book Series
P.O. Box 669, Hightstown, N.J. 08520
Send me
copies of "Memory Design:
Microcomputers to Mainframes" at $12.95
per copy
Discounts of 40% on orders of 10 or more copies.
must be fully satisfied or you will refund
full payment if the book is returned after tenday trial examination.
D Payment enclosed
D Bill firm
D Bill me
Charge to my credit card:
Li American Express D Diners Club
III Visa
El Master Charge
Acc't No.

Date exp.

On Master Charge only,
first numbers above name
Name

Title

Company
Street
City

State

Zip

Signature
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Digitran
advances the
state of the art.
Again.

The only thumbwheel switches with
optional LED lighting.
Traditional Digitran quality. And half the cost.

Our innovative line of digital Miniswitches

required. Switches available in three series:

puts it all together at halt the price of compa-

43000,44000, and 45000, rear mounted or front

rable switches. Dependable Digitran quality,

mounted.They are interchangeable with most

snap-together assembly and mini-size—only

conventional .500" (12.7mm) or .315 n (8mm)

$2.25 per module (list)—unlighted.

digital switches and may be ordered in most

But don't overlook the unique option: LED
lighting that lasts the life of the switches with
no maintenance. Only Digitran thumbwheels

popular codes with direct solder or optional
PC mount (pin) terminations.
Now DIG this: for more information and

have it. And the cost is about the same as

prices on our new Miniswitches with optional

conventional unlighted switches.

LED lighting, call our new toll-free number
precision

800-528-6050 (residents of Arizona phone

molded from highest quality plastic, quickly

Our new Miniswitches are

800-352-0452), Ext. 924,for address and phone

and easily snapped together for complete

number of your nearest representative or
distributor.

design flexibility. No tools, no extra hardware

THE

DIGITRANT

COMPANY

A division of Becton, Dickinson and Company TB-D]

855 South Arroyo Parkway •Pasadena, California 91105 •Phone: (213) 449-3110 •TWX 910-588-3794.
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RUB & CONTACT
THERMOCOUPLES

New literature

Now available from NANMAC ...Rub and Contact
thermocouples for measuring by direct contact the
temperature of rotating drums, discs, rollers or moving
plates and sheets. The Notched Series FFM is designed
for contact with fibers, threads and wires moving at
speeds to 3000 fpm.
INTEGRATED HIGH SPEED
OPERATIONAL AMPLIFIER

•Direct

— FEATURES —

contact, replaceable tip, long
wearing thermocouple assemblies

SERIFS ROD

•Thermocouple spring-loaded inside
aluminum mounting block
• Choice of ISA-T, I, E or K standard
thermocouple calibration
• Fast response times
• Minimum contact pressure
• Phenolic thermowell
• Ideal for monitoring or controlling

SERIES PPM

Write or call (617) 872-4811 for Catalog 277.

NANMAC CORPORATION
Jorentost

9-11 MAYHEW ST.

n'lliperallért

Measurement

FRAMINGHAM CENTRE, MA 01701

Circle 244 on reader service card

head, inventory maintenance, quality
assurance, and purchasing and
stocking costs are analyzed. APN 6,
"Rectifier Circuits for Linear la,"
discusses techniques for designing
rectifiers using the components
available on semicustom ICS, and
APN 7, "Integrated High-Speed Operational Amplifier," explains how
high-speed, high-stability circuits
can be constructed using semicustom
technology. Interdesign Inc., 1255
Reamwood Ave., Sunnyvale, Calif.
94086 [422]
Connectors. Specifications and dimensional drawings are provided for
the series 1,000, 2,000, and 3,000
connectors. They are designed for
printed-circuit boards, flat cables,
and wrapped-wire systems. Methode
Electronics Inc., 1700 Hicks Rd.,
Rolling Meadows, III. 60008 [430]
Test instruments. General and technical information covering such devices as frequency counters, universal counter-timers, digital and sweep
generators, spectrum analyzers, and
microwave components is being of-

Coil well.

You've struck it rich if you need wound tunable coils with
overlapping inductance ranges. CAMBION's broad standard line
is immediately available from stock. Custom coils in awide spectrum of inductances and configurations also available.
Standard micro-mini inductors, shielded and unshielded
types, molded chokes, are yours for the asking. For custom needs,
the difficult takes alittle time. The impossible takes alittle longer.
Write for the best catalog in the field. Cambridge Thermionic
Corporation, 445 Concord Avenue, Cambridge, MA 02138. Phone:
(617)491-5400.1n California, 2733 Pacific Coast Highway,
Torrance, CA 90505.
Phone:(213)326-7822.

C1111141310111"

Guaranteed to be the right connection.
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INSTRUMENT PRODUCTS

Electro-Engineering '78

19th-27th April

In Hanover
the Electrical Industry
Shows What
Tomorrow Will Bring.
Live, learn, research and work with
electro-engineering. Electroengineering provides the decisive
impetous for all sectors of industry.
This is always particularly obvious
at the Hanover Fair where year after
year new ideas and suggestions
are the factors setting new developments and techncal innovations
in motion.
Here industry, commerce and trade,
public and private supply and
service enterprises find precisely
the information they need for
solving specific individual problems.
Information unique in its totality.
Make the best use of the discussions and ideas offered by Hanover.
So you will know in good time what
tomorrow will bring.
For the First Time at the
Hanover Fair:
"Systems Show: Energy"
The New Forum for Energy Experts
For the very first time the whole
energy supply sector will be presented and discussed as one unit
at the Hanover Fair. Both in the
display and in acomprehensive
programme of conferences.The
"Electro -engineering" exhibitors
with their products and know-how
wilI be part and parcel of this new

Electronics/March 16, 1978

systems show. You will find them
in their traditional locations.
Wherever you see this sign you will

0

find problem solutions and
business partners at the
"Systems Show: Energy".

Unique in the world of fairs: EBI—
the Electronic Visitors Information
System leads you directly and
quickly to comprehensive
information. In all of the 7Electroengineering Halls

• • • • • • • • • • • • • • • • • • • • • • • • • • • • •

•
•
•
•
•
•
•
•
•
•

••••••••

Make the best use of all the up-to-date information at the
1978 Hanover Fair. From February onwards, we shall be happy to send
you all the material you need for planning your visit carefully.

Please send me the prospectuses
D Electronic Components and
I
have indicated:
Sub-assemblies
D Electric Power Transmission
D Electrical Installations
D Electric
Energy Supply
D Electric Lighting
iE
e
D Telecommunications
D Systems Show: Energy
• D Measuring, Testing and
D The Fair Planner with the
•
Automation
programme of all the Trade
•
Markets at the Hanover Fair '
78.
•
• Deutsche Messe- und Ausstellungs-AG, Meegelânde,
•
ss
ELS
e
D-3000 Hannover 82,Tel. (0511) 891,Telex 0922 728
•
e Name .
e
e
Company.
• Street.
•
, Town/Postal Code .
•

•
•
•
•
•

•

e
•

3

e
•
•
•
•
•
e
•
e
•
•
•
e
•
•
•
•
•
•

•
Hanover •
•
Fair 971g
•
•
_
•
IHM 487-INT

lb Wednesday 19th April
Thursday, 27th April
•
•
•••••••••••••••••••••••••••••••••••••
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ARTICLES FROM ELECTRONICS
AVAILABLE IN REPRINT FORM
No of

Books

New reprints

copies
wanted

R-803 New product trends in electron-

R-801 World market report 1978 24 pp

ics-Electronics

$4.00

ers to Mainframes-Electronics

Report- Automotive

Book Series 180 pp $12.95

electronics gets the green light

R-726 Design Techniques for Electron-

10 pp $3.00

ics Engineers-Electronics Book

R-728 Flexible circuits bend to design-

Series 370 pp $15.95

ers will 10 pp $3.00
R-724 Special

Series

R-732 Memory Design-Microcomput-

20 pp. $4.00
R-730 Special

Book

333 pp $14.95

R-734 Microcomputer families expand

R-711 Circuits

Report -Technologies

for

electronics

engi-

neers: 306 circuits in 51 func-

squeeze more performance from

tional groups-Electronics Book

LSI 22 pp. $3.00

R-704 Thermal

makers towards automation 12

design

R-701 Applying

in

electronics

microprocessors-

Electronics Book Series 191 pp

ing -3-part series 26 pp $5.00
R-718 Display makers strive to refine

$9.95
R-608 Basics

their technologies 8 pp $3.00

of

Data

Communica-

tions-Electronics Book Series

R-716 Special report-Japanese wave
in semiconductor technology 24

$12.50
R-602 Large Scale Integration-Elec-

pp

tronics

filter

Book

Series

208

pp

$9.95

technology 6 pp $3.00
R-713 Electron-beam lithography

R-520 Microprocessors-Electronics

R-712 Special report -large-scale integration 16 pp $3.00

R-011 Computer-aided Design 135 pp

Book Series 154 pp $8.95
$4.00
R-032 Active Filters 88 pp $4.00

R-710 Personal computers mean business 8pp $2.00
R-708 So you want to be a consultant
6pp $2.00
dual

delayed sweep

Payment must
accompany your order

method 6 pp $2.00
pp $3.00

Make check or money order payable to Electronics Reprints. All orders are shipped

Charts

weeks for delivery. For additional information

R-705 Powering up with linear ICs 12

R-516 Electronic symbols $2.00

prepaid by parcel post. Allow two to three
call (609) 448-1700 ext. 5494.

R-213 Electromagnetic spectrum (up-

Back issues now available:

dated 1976) $3.00

1960 to 1969, $5.00 each

R-326 Optical spectrum (6-page report
and chart) $3.00

1970 to 1973, $3.00 each
1974 to 1976, $4.00 each

USE THIS PAGE AS YOUR ORDER FORM
Mail your order to:

Cost of orders
Plus 10% handling charge

Janice Austin

TOTAL AMOUNT ENCLOSED

ELECTRONICS REPRINTS

SEND REPRINTS TO

Hightstown, N.J. 08520

P.O. Box 669

Name
Company

Dept

Street
City
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Radio-frequency data. A 736-page
data manual describes: radio-frequency power transistors with outputs of up to 150 watts and ranges
from 1.5 megahertz to 1 gigahertz;
linear hybrid amplifier modules for
cable and master-antenna television
as well as general-purpose uses; and
power hybrid amplifiers with up to
30-w output in the very-high and

$5.00

pp $3.00
R-720 How EEs Feel About Engineer-

R-706 Low-cost

fered by Systron-Donner Corp., 10
Systron Dr., Concord, Calif. 94518
[431]

Series 396 pp $15.95

R-722 Demands of [SI are turning chip

$3.00
R-714 Special report -active

New literature

State

Zip

ultrahigh frequency range. Detailed
application information is given for
impedance matching networks, mechanical rf construction techniques,
biasing, and noise-figure and gainoptimization procedures. The manual can be obtained at $3.50 each
from Motorola Semiconductor
Products Inc., P. O. Box 20912,
Phoenix, Ariz. 85036
Technology. "Semicopductor Measurement Technology," a 119-page
booklet, describes what the National
Bureau of Standards is doing to
develop measurement methods for
semiconductor materials and processes. Supplementary data listing
staff, publications, workshops and
symposia, standards committee activities, and technical services is also
included. Copies can be obtained for
$1.85 each. Order by number 003003-01759-1 from the Superintendent of Documents, U. S. Government Printing Office, Washington,
D. C. 20234
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Instruments. A 60-page four-color
catalog lists and describes analog
and digital panel meters, meter
relays, controllers, and test instruments. Technical data including
stock ranges and specifications is
provided. Simpson Electric Co., 853
Dundee Ave., Elgin, Ill. 60120 [432]
Microwave-frequency counters. A
13-page application note discusses
the four principal down-conversion
techniques for extending the frequency range of counters into the
microwave region. The first section
of the note details the techniques of
prescaling, heterodyne conversion,
harmonic heterodyne conversion,
and use of transfer oscillators. The
second section compares measurement speed, accuracy, sensitivity and
dynamic range, signal-to-noise ratio,
a-m and fm tolerance, and amplitude
discrimination for the four techniques. Also discussed are some
factors to be considered in selecting
a microwave counter and several
applications. Inquiries Manager,
Hewlett-Packard Co., 1507 Page
Mill Rd., Palo Alto, Calif. 94304
[433]
Power semiconductors. Everything
you always wanted to know about
power semiconductors is contained
in a 432-page reference guide. It is
designed to save users time and
money when specifying, buying,
installing, testing, maintaining, troubleshooting, servicing, identifying,
and replacing power semiconductor
devices. Among the topics covered
are safety factors, device protection,
military and high-reliability
products and applications. Technical
data is supplied for all products, and
a separate section gives information
on high-power rectifiers, transistors,
thyristors, and assemblies. Included
are a product cross-reference index,
product outlines with both U. S. and
metric dimensions, product selector
guides, and a service directory. The
reference guide sells for $6.50 each
($7.50 outside the U. S.). Delivery
time is from 2 to 4 weeks (4 to 12
weeks outside the U. S.). Westinghouse Electric Corp., Semiconductor
Division, Youngwood, Penn. 15697

Rockwell MOS/LS I
Touch Tone detection can
get you into more products.
CRC-8030, Rockwell's MOS/LSI digital Touch Tonedetector, can open up new
market sfor your products by providing alow cost, high performance solution for
dual tone multi-frequency (DTMF) detection.
A product of Collins high-technologytelecommunications experience coupled
with Rockwell's extensive MOS/LSI production capability, CRC-8030 has been in
quantity production for over ayear. Besides traditional telephony systems, it can
be used in agrowing number of applications including computer signaling and
control systems.
CRC-8030 reduces costs versus conventional systems (in some cases as much
as one fifth the cost) and offers the size and reliability benefits of MOS/LSI. You
get: detection in 22-39 MS; on-chip oscillator operating at 3.579545 MHz color
burst crystal frequency; binary or 2-of-8 coded outputs; operation with single or
dual power supply.
The CRC-8030 performs the key critical functions of DTMF detection. To
implement acomplete DTMF receiver, anumber of front-end band-split filters are
available. And, if you need DTMF-to-dial pulse conversion, use the CRC-8030 in
conjunction with Rockwell's MOS/LSI Binary-to-Dial Pulse Dialer, the CRC-8001.
For more information on telecommunications devices and applications
services, contact your nearest Hamilton/Avnet distributor. Or use the coupon below.
rotich Tone is aregistered trademark of AT & T

Get the full story.
Microelectronic Devices
Rockwell International
P.O. Box 3669, Anaheim, CA 92803
Attn: Marketing Services D/727 RC55 •(714) 632-3698
I
want information on D CRC-8030 D CRC-8001
D Send it by mail D Have asalesman call me.
Name

Title

Company
Address
State

City
Zip Code

Telephone

Rockwell International
_where science gets down to business
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section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES

CLASSIFIED SALES REPRESENTATIVES
Atlanta..
Jane Core
. 404/892-2868
Boston
Holt Buchanan . 617/262-1160

Cleveland
Dallas
Denver .

Mac Huestis .
Mike Taylor
Shirley Klotz

216/781-7000
214/742-1747
303/837-1010

Houston
..
Mike Taylor
Los Angeles Stan Kassin .
New York .. .Larry Kelly

713/659-8381
213/487-1160
212/997-3594

Pittsburgh. .. Dean Genge .. 412/391-1314
San Francisco M.E. Kenny ...415/362-4600
Stamford
Holt Buchanan .203/359-2860

Chicago

Detroit.

Mac Huestis

313/873-7410

phiiadephia.. Dan Ferro

215/568-6161

XEROX 400 TELECOPIER

.Bill Higgens

.312/751-3733

.

IMM•

Power Supply
Designers
Explore the rewards and satisfaction of
working on new and exciting communications and experiemental satellite programs.
GOES —NASA's Weather! Environmental Satellite Program
GMS-2 —Japan's Newest Weather Satellite Program
SBS —Privately Owned U.S. Commercial System
ANIK-C —Canada's Latest National Communications System
Join the Hughes team of Space & Communications Engineers
who are designing high voltage (5 to 10 KV), space qualified high
efficiency power supplies for TWTs. Operations with multiple
collector TWTs (as loads) present interesting design challenges.
Experience with series and switching regulators, PWM converters
and DC-DC converters and BS or MS in EE are desired.
For immediate consideration please call (collect): Mr. G.
Kemanis, Asst. Mgr. Communications Labs, at (213) 648-8731 or
send your resume to: Professional Employment, Dept. 41-20,
P.O. Box 92919, Los Angeles, CA 90009.

HUGHES
HUGHES

AIRCRAFT

COMPANY

H.S. citnrenship required • Equal opportunity M/F/HC employer
es" am

Professional and executive recruitment.
Specializing in the placement of LE. and
Software-types in the midwest and
elsewhere. All fees paid by client companies. Send resume in confidence:

POSITIONS VACANT

Loudspeaker
System
Design
Engineer Growing Northeastern
Manufacture of nationally branded
high fidelity loudspeakers, seeks
Located in the suburban Chicagoland area
experienced "hands on" electrical/
acoustical engineer to head up its agTECHNICAL TRANSLATIONS
gressive
loudspeaker
system
development
program. Opportunity
ENGLISH/RUSSIAN
to
contribute
directly
to
growth
of
computerized phototypesetting
company in small company atAdvertisements/Catalogues/
mosphere. Fully equipped labs inManuals/Technical documentation clude large anechoic chamber. ComEASTA Translations, P.O.B. 1365 pensation based on experience and
Rehovot, Israel, Tel. (02) 713-915 your ability to help us grow. Apply
Telex 26144 BXJM IL ext. 7037 P-6742, Electronics.
H. Wm. Myers &Assoc.
361 Virginia Street
Crystal Lake, IL 60014
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EMPLOYMENT SERVICE
Electronic engineering growth positions with clients located nationally.

We would be glad to consider your
resume. Joe Torcassi (EE), Director,
R.J. Bushee & Associates, 1001
Carew Tower, Cincinnati, OH 45202.
513/621-2015.

..212/997-6800

We have been placing graduate ..•••.
ENGINEERS
in
FEE-PAID
positions
I
THROUGHOUT THE US since
I
'59. Over 1,000 client companies.
We are graduate engineers workI
ing full-time for you. Send resume
I
& salary history today or request
confidential application.
ATOMIC PERSONNEL, INC.
Suite L. 1518 Walnut St. Phila.. Pa 19102
I
An Employment Agency
All Technical Fields'

POSITIONS VACANT
The Department of Electrical
Sciences and Engineering at UCLA
anticipates afaculty position at the
Assistant Professor level in the area
of applied electronics. The position
requires a Ph.D. or equivalent research experience in areas of
electronics, preferably including
digital integrated circuits. Teaching
and research ability are essentiaL
Interested and qualified applicants
should write to the Chairman,
Electrical Sciences and Engineering
Department, University of California,
Los Angeles 90024. The University
of California is an equal opportunity/
affirmative action employer.
Electrical Engineering Technology
faculty position available starting
August 1978. This is a temporary
position expiring in December 1979.
Permanent position expected to be
available upon expiration of temporary position. Experience in areas of
electronic circuits, digital electronics,
and electronic communications required. M.S. degree desired. Industrial and teaching experience
desired. Rank and salary commensurate with experience and
qualifications. Send resume to: Dr. J.
D. Antrim, Director, Engineering
Technology Programs, P.O. Box
1941, University AL 35486. Deadline
for receiving applications is April 30,
1978. An affirmative action/equal
opportunity employer.
Electronic Technicians—Opportunity
in the Communications field for
experienced technicians. Must
possess FCC Radio Telephone
license, Class Il or better. Education
should be in conformance with the
present electronic state-of-the-art.
Desired experience in all or any of
the following: 2-way FM Radio;
Microwave; CCTV; alarm systems
and the associated equipment.
Liberal Fringe Benefits. Must be a
U.S. citizen. Replies held confidential. Equal Opportunity Employer —M/F. Send resumes to:
Trudie L. Rainey, M/S 567, Reynolds
Electrical & Engineering Co., Inc.
Post Office Box 14400, Las Vegas,
NV 89114.

How To Get A Job Overseas 253
page Book! Only $4. Transworld, Box
90802-HR, Los Angeles 90009.

Electronics/March 16, 1978

t.

¡Wu.

"IF YOU'RE ADIAGNOSTIC PROGRAMMER WHO WANTS TO
MON TOP OF THE LATEST TECHNOLOGY-YOUIL HAVE
ABETTER CHANCE AT DM GENERAL": -KeithNoselson— Manager,
Diagn tics

"There is still alot of room for individual incentive here. What's more, most of the work
turns over in six months. A year-long project is
almost unheard of. Our people like it that way."
Keith Nelson came to Data General in 1972 and
jumped right into the diagnostics of the NOVA
840. The entire department numbered only
five people. Today Keith heads up alarge department of people developing diagnostic software used to test Data General hardware.
"You won't be patching up ajob for one or
two years after initial design. Neither will you
become bored or narrowed in your thinking
due to limited product exposure. At Data
General we announce anew product every 15
working days. And we're growing 40% per
year—faster than any other minicomputer
company in the business. Which adds up to
plenty of new jobs for Diagnostic Programmers
and alot of new opportunities to grow in your
job or into abetter one."

En
e
gine ring

DIAGNOSTIC PROGRAMMERS
Our great emphasis on vertical integration creates an
unending stream of new career opportunities in Diagnostics. You may choose one of several paths of project
expansion and personal development.
You will design, code and document diagnostic software. Senior level individuals will be expected to write,
coordinate and execute project test plans with full responsibility for diagnostic testing projects. Openings
are available in: Systems Diagnostics; Disc Peripheral Diagnostics; CPU, Memory, Floating
Point Processor Diagnostics; Communications,
SDLC Diagnostics.
These intermediate and senior level openings require
aBS or MS in EE or CS with from 2to 10 years experience in assembly language programming, plus acurrent
in-depth hardware background.

If one of these positions could be alogical
next step in your career, send your resume, in
confidence to: Jim Kimbrough, Technical Personnel Representative, Data General Corp.,
15 Turnpike Rd., Westboro, MA 01581. Or call:
1(800) 225-7347, ext. 5773 outside Mass.;
1(617) 366-8911, ext. 5773 in Mass.

4DataGeneral

You can get there quicker from here.
equal opportunity employer M/F
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POSITIONS VACANT

POSITIONS VACANT

LSI Product
Design/Applications
Bell-Northern Research has recently expanded its
capability in state-of-the art LSI, the exploitation of
which will advance the development of abroad range
of telecommunication products. With aview to
strengthening the existing team, we are seeking strong
technical individuals with aflair for marketing and
product design.
Applications
Positions are available in agroup which interfaces with
the in-house I.C. facility and its internal customers.
The work involves the evaluation of new systems
proposals, the recommendation of make/buy decisions
as well as the choice of LSI technology, and the negotiation and management of the custom LSI development programs.
Product Design

These positions require broad experience in analog and
digital circuit design including some exposure to S.P.C.
design. The products are high technology, high volume
and the selected candidates will be capable of taking
product designs from initial concept through to pilot
manufacture. Previous experience with consumer
electronics will be an advantage.
Candidates for all positions should be high calibre
individuals, holding an engineering degree, preferably
at the graduate level, and have several years experience
in the areas of LSI design and/or microprocessor
applications. An appreciation of the role of silicon
technology in telecommunications and the ability to
take astrategic approach to the job will be definite
assets.
These positions in Ottawa offer growth potential,
competitive salaries and excellent company paid benefits. For interview arrangements please submit a
detailed resume, quoting file number (08/78) to:
R.G. MacMeekin
Staffing Specialist
Bell-Northern Research Ltd.

New Brunswick Community College
Instructor of Technology —The New
Brunswick Community College,
Campus de Bathurst, requires an
instructor of technology for the
Instrumentation
and
Control
Program which is an option of
Electronic Technology Program. The
candidate will be required to teach in
a post-secondary two year program
leading to aDiploma of Technology.
The candidate will be required to
teach the theoretical aspect as well
as the practical aspect of the Instrumentation Course in the French language. There are excellent working
conditions and benefits accompanying this position, such as: vacation
leave, sick leave, participation in a
pension fund, as well as a life insurance program and a medical insurance program. We invite applications from candidates who possess a
University degree in Instrumentation
or in Electrical Engineering or the
equivalent and who possess industrial experience in the Instrumentation field. It will be to the advantage of the candidate if he or she
possesses pedagogical training. The
salary ranges between $14,508 and
$25,080 per year depending on
qualifications and experience. If the
candidate does not have any pedagogical training, he or she will be required to obtain such training within
three years of the appointment.
Please forward your application to
the undersigned before March 31,
1978. Give your qualifications and
experience as well as your former
training. Mr. Hector B. Sonier, Principal New Brunswick Community
College, Campus De Bathurst Postal
Drawer "I", Bathurst, New Brunswick
E2A 3Z2.

Electronics Engineer —The Department of Chemistry of Hunter College
seeks aperson with abackground in
Electronics (B.S. in E.E. or equivalent)
to maintain and repair awide range
of laboratory scientific instrumentation, including minicomputers,
associated peripherals, and radiof requency equipment. The successful
applicant will also be able to design
and build interfaces and other
needed electronic equipment, and
interact collaboratively with research
personnel. Salary competitive.
Interested applicants should send a
curriculum vita and at least two letters of recommendation to Dr.
Robert Lichter, Chairman, Chemistry
Department, Hunter College, 695
Park Avenue, New York, N.Y. 10021.
An equal opportunity employer.
Graduate Assistantships Available in
Electrical Engineering for programs
leading to MS in Electrical Engineering or Engineering Science, or interdisciplinary Ph.D. Programs can
be designed for students with EE,
Math, or Physics backgrounds. Openings in Power Electronics and
Systems, Solar Energy, Digital
systems, Integrated Circuit Design,
and Multivariable Control Systems.
Contact Dr. G. W. Zobrist, Chairman,
Department of Electrical Engineering,
The University of Toledo, Toledo,
Ohio 43606. Affirmative Action/
Equal Opportunity Employer.
OVERSEAS JOB GUIDE
Job Hunting Guide + Directory of
650 Firms. Details on job sources,
resumes, taxes. US $6.50 —(US &
Canada). To foreign address—$7.50.
Friar Books—EL, -8956 E. Ardendale,
San Gabriel, CA 91775.

Engineers/Scientists: Immediately
needed for Hardware/Software
design, reliability, quality & systems
test in the following fields: ECM,
Radar, ASW, COMM. Over 300 firms
pay our fee. Contact J. Sheehy, Kerry
Systems, Inc.. 1156 E. Ridgewood
Ave., Ridgewood. NJ 07540 (201)
445-6669.

BUSINESS OPPORTUNITY
Consulting Business: how to start,
promote, operate. Reply: Box 831,
Glendora, Ca. 91740.

Job-seekers...
be the first to know
with McGraw-Hill's
Advance
Job Listings
By having our weekly ADVANCE JOB LISTINGS sent to your
home every Monday you can be the first to know about openings both in and out of your field. ML will enable you to
contact anxious recruitment managers BEFORE their ads appear in upcoming issues of 21 McGraw-Hill publications. To
receive afree sample copy, plus information about our low
subscription rates, fill out and return the coupon below.

P.O. Box 3511, Station "C"

Ottawa, Ontario
Canada
K1Y 4H7

ADVANCE JOB

BOX

900 /NY

10020

PLEASE SEND A SAMPLE COPY
OF ADVANCE JOB LISTINGS TO
NAME
CITY

250

LISTINGS /P.O.

ADDRESS
STATE/ZIP
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Electronics Engineers
LSI Engineers
Design tomorrow's avionics today

... at

KING

of course.

King Radio Corporation, the world's leading designer
and manufacturer of aircraft communications, navigation,
and flight control systems for the general aviation industry
is on the move. We are expanding into new fields; facing
new challenges. Our growth and success have created
career opportunities for qualified electronics and LSI
engineers.
—Electronics Engineers: digital, analog,
microprocessor, power supplies, receivers, transmitters,
flight controls, radar, etc.
—LSI Engineers: CMOS, bipolar, logic, Por N channel
design, etc.
We are located in apleasant, progressive, Kansas City
suburb. Full relocation will be provided, and extensive
benefits include profit sharing. We invite your confidential
inquiry.
Call Dick Johnson collect, at (913) 782-0400.
Evenings and weekends call (913) 782-2290.
Tomorrow's Avionics Today ....from

KING of

An Equal Opportunity Employer

Electronics Engineering
Career Opportunities

L

Our rapidly growing company has become the world's leading-1
supplier of Time Div. Multiplex (TDM) Equipment for Telex,
Telegraph & low speed data transmission. Our success has
come not only from an excellent product &agood reputation,
but also from talented, technically competent people.
MANUFACTURING ENGINEERS
Requires a technical degree & 5-15 years' experience in
electronics manufacturing; must be able to demonstrate firsthand knowledge of the latest developments in electronics
manufacturing. You will participate in engineering design reviews, cost reduction programs, capital equipment justifications, methods, plant layouts, &day-to-day operations. Super
visory experience should not substitute for hands-on
experience in the necessary technical disciplines.
DESIGN ENGINEERS—B.S.E.E.—Telecommunications
Experience in telecommunications especially in the areas of
moderns, multiplexers & digital communications systems is
desired. 2-7 years' experience in digital logic & circuit design
required. Microprocessor experience would be an asset.
Each position carries an excellent salary commensurate with
experience plus agenerous company-paid benefits program.
You'll also appreciate our up-to-date facilities and support as
well as policies emphasizing promotion from within. If
interested and qualified, please send resume including salary
history/requirement in complete confidence to:
J. R. Walter, Personnel Manager
.1

INCORPORATED
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Collins Telecommunications Systems Division of
Rockwell International needs professional
engineers to work on Airborne, Tactical and Ground
and Transportable Systems. Excellent growth
potential in immediate career openings at all levels.

COMMUNICATIONS ENGINEERS
Will be engaged in the design and integration of
large scale Communications Systems. Must be capable of developing preliminary system concepts
and architecture. Requires aBS or MS in Electrical
or Mechanical Engineering with experience in any of
the following areas: (1) HF receivers, exciters,
power amplifiers and logic circuits; (2) RF Systems
Engineering in the HF, VHF and/or UHF area; (3)
Digital device and circuit design; (4) Microprocessor
and minicomputer applications and knowledge of
computer peripherals; (5) System design, hardware
and software implementation; (6) Antenne design
and analysis; and (7) Thermal analysis and system
integration packaging.

course

King Radio Corporation /400 North Rogers Road /Olathe, Kansas 66061

Databit

Make Your
Move To
Rockwell International
CAREER OPPORTUNITIES
IN DALLAS

50 Dovids Drive
Hauppauge, New York 11787
Equal Opportitaily Employee .111F

SYSTEMS ANALYSTS

Responsibilities include programming and system
development support for applied research projects
on new microprocessor based instruments. Involves
some hardware/software interface. Requires BS in
EE, Mathematics or Computer Science with
experience in any of the following areas: (1) Queuing/congestion analysis; (2) Probability/statistics;
(3) Linear systems; and (4) Modeling and simulation.

PROGRAM MANAGERS
DOMESTIC AND OVERSEAS
Responsible for providing engineering lead for
major programs/proposals with Profit and Loss accountability. Positions involve preparation of proposals and customer presentations, negotiation,
fiscal planning and scheduling. Requires BS, MS or
PhD in EE and at least five years industrial
experience, preferably in the areas of: (1) System
design; (2) Hardware and software implemetation;
and/or (3) Project Management.
NUMEROUS OTHER OPENINGS EXIST FOR
DEGREED EE's, ME's AND IE's.
Please submit resume including salary history and
requirements in confidence to:
Alan Leverett, Manager
Professional Staffing-3434
Electronic Systems Group
Rockwell International
P.O. Box 10462
Dallas, TX 75207

Oi

Rockwell
International

Equal Opportunity Employer M/F
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Rockwell is
looking for people
who are looking to
the future.
Rockwell Microelectronic Devices has immediate openings for
individuals who want to grow as part of aleading-edge technology team.
A recognized leader in N-channel and P-channel microprocessors, Rockwell produced the first one-megabit bubble
device (February, 1977) and has now established abubble
memory business.
Ongoing state-of-the-art developments and futures like
VLSI (Rockwell has already announced operating 1/4 micron
E-beam FETs) have created positions in many areas.
You will have the opportunity to develop new ideas and
expand your professional skills in astimulating environment.
Salaries are commensurate with background and experience, company benefits are excellent. Send your detailed
resume in confidence to Professional Staffing, D-703-D,
Rockwell International, Microelectronic Devices, P.O. Box
3669, Anaheim, CA 92803.
ENGINEERING
Bubble Memory Digital Design Engineer
Bubble Memory Process Engineer
MOS/LSI Logic Design Engineer
MOS/LSI Analog/Digital Design Engineer
MOS Memory Design Engineer
MOS Device Characterization Engineer
Circuit Design Engineer
Microcomputer Design Engineer
Applications Engineer
Process Engineer
Solid State Components Engineer
Telecom Designer
SAWD Design Engineer
Modem Signal Processing Systems Engineer
OPERATIONS
Test Engineer
QA Engineer
Sentry Programmer
Industrial Engineer
MARKETING
Sales Representative —Eastern Region
Market Research Specialist
Product Marketing Representative
Field Sales Representative
Account Sales Engineer
Marketing Support Representative
FINANCE/ACCOUNTING
Financial Analyst
Accounts Receivable Analyst

0

1%
1
Rockwell International
.. where science gets down to business
An Equal Opportunity Employer
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•
MI

IRV
and be part of
the new world
of electronics.
It's agood feeling to be in the vanguard of
technology with employment stability
through dynamic growth and diversification'
For Immediate Openings In:
Circuit Design Engineers
Experienced in RE IF, Video, and A/D circuit
design for use in Signal Processing in both
airborne and space applications.
Digital Logic Design Engineers
Experienced in design and development of
digital circuits using TTL, STTL, ECL and
CMOS technologies.
Software Development Engineers
Experienced in the development of software for special purpose digital processors.
Digital hardware background experience
desired.

Actual Hughes Scientific and Engineering Manpower Growth Curve
This chart indicates the Company's extraordinary record of

Engineering & Scientific Personnel

growth with stability in the dynamic electronic technology industry.

Call now-call collect: Richard Fachtmann,
Assistant Manager, Signar Processing
Laboratory, (213) 391-0711, Ext. 3904.
Or send resume (referencing this ad) to:
Professional Employment E,
Aerospace Groups,
11940 W Jefferson Blvd.,
Culver City, Ca 90230.

GROWTH
THROUGH
DIVERSIFICATION
10.000

5.000

Year

Product Design Engineers
Experienced in extremely high density
physical and thermal designs for airborne
and spaceborne signal processing.
Project Engineers
Experienced in the management of all
aspects of aproject including management
of subcontracts and remote manufacturing
facilities.
Digital Module Test Engineer
Experienced in developing software for
automatically testing digital' modules.
Digital Associate Engineer (Non MTS)
Having good rapport with digital logic
design, logic schematics and the conversion
of these to acomputerized interconnect
data base.

HUGHES
19 60

1965

1970

1975 1977

H UGHES AIRCRAFT GOMPAINY
AEROSPACE
U.S.

1 II
1
II11 Ii 1

GROUPS

citizenship required Equal opportunity M/F/HC.employer
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213

Nanmac Corporation

244
255

258

•

National Semiconductor Corp

158

Germanium Power Devices Company

•

Gould, Inc./Instrument Systems
Div./T a M

51

Nell Corporation
•

183,233

60,61

McGraw Edison Co Bussman Mfg Division

General Magnetic*

•

50

122

National Connector Div Fabrl-Tek Inc

238-239

192

Motorola Communication a Electronics

*

Genrad

306,31E

Monlithic Memories

47

•

195

Mitel Semiconductor Inc.

96-97

Fujitsu Limited

150

NEOHM SPA

36-37
93
20E,21E

•

Boums, Inc.

•

Burr Brown Research Corp.

26E

•

Hamlin hic.

•

Cambridge Thermionic Corp.

244

1.

Heath Co Schlumberger

•

Centralab/USCC

209

•

Hewlett-Packard

•

Cardion Electronics

18E. 19E

•

Hi-G Incorporated

•

Carlo Erba SA

36E

Hybrid Systems

153

Paratronics Inc

240

Citizen America Corporation

240

Hypertronice

216

Paris* Corporation

205

Permabond

215

Claire* Electronics
1:•

Comstron/Adret

4thC
69

210

22E

•

Non-Linear Systems, Inc.

242

71

•

North Atlantic Industries

182

1,177,154-155

•

OPto 22

164

199,201

•

Orecilloquartz

IC Master
•

New Bedford Ind Drivel Commission

IEE Industrial Electronic Engineers, Inc

202-203

66

204

•

Pertec Pecl

74-75

18.19.30,31

•

Philips ELA

212,214,216,

Control Electronics

228

Intel-Microcomputer Components

Cts Corporation

208

Intel Memory Systems

162-163

•ei

Philips TMI

10E

Intel Special Products Division

160-161

1:e

Philips TMI

74,75

•

Piezo Technology

212

Plastics Engineering Company

166

Data General Corp.
Date I/O Corporation
•

2ndC

•

•

Beckman Instruments

Boonton Electronics

243

5

239

John Fluke Mfg Co Inc

Biomation

Kepco, Inc.

EMR Telemetry

•

3rdC

•

MFE Corp

73

Berg Electronics Div. of Dupont

186-187

1E

•

AVX Corporation

181

ITT Bauelemente Gruppe Europa

206

First Computer Corporation

Test System Div., The Bendix Corp

25E,27E

Elorg Electronorgtechica

*

2

•

235

5E

The Bondi* Corporation, Electrical Comp. Div.

66

EMM-Electronic Memories a Magnetics

Figaro Engineering Inc

175

Italtel/SIT

234

AVX Corporation

Belden Corporation

•

Edmund Scientific

Fairchild (Semiconductor Operations Div)

148

232

16

Electronic Navigation Industries

102-103

188-189

Digital Equipment Components
Digital Equipment Corporation PDP

208

Associated Environmental Systems
•

Ire

98-99

Ampex DpD
Analog Devices

Digi-Data Corp.

25E

American Used Computer
•
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35,76-77
170-171

Dideven Div., American Precision Ind.

168

Deutsch* Moue AG

245

254

•

Interdesign

130

Interface

234

Were'

20,21,54,55

•

Plessey Semiconductor

8E,96
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FABRII=PAIK

The Integrated
Backpanel
System
Here's an all-in-one backpanel featuring
edgecard circuit connectors integrated with the
p.c. backpanel for single and multiple board
sandwiching.

ALPHANUMERICS •GRAPHICS •KEYBOARDS •CRIS
INTELLIGENT TERMINALS •PRINTERS
MULTI-MASS MEDIA •IEEE -488 •COLOR •BLACK &WHITE

XEDAX

CORPORATION

1417 San Antonio Avenue, Alameda, California 94501

• (415) 521-6600

THE OEM SUPPLIER WITH THE END-USER IN MINID

• Versatile, reliable, economical II P.C.
backplane design III Up to 8 layers of circuitry
with sandwiched construction U Also available
in multi-layer board U No external wiring or
soldering II Press-fit, gas tight interfaces
between contact and plated-through hole.
COMMERCIAL
VERSION:
Unlimited choice
of PC edgecard
terminations.
.100, .125, .150,
.156 grid.

Circle 255 on reader service card

MILITARY
VERSION:
blade & tuning
fork; .100 grid;
snap-in polarizing
bushing; easy
removing of
housing and pins.

%
efee4,t

-14eGs

tee

Take
.stock
"America.

LIJJ

IF/A\

H=TII

INC.

E

NATIONAL CONNECTOR DIVISION

9210 Sclenc

,,,-,

MN 55428

612, 533-3533

I'm interested in FABRI-PAK El Commercial

Military

Send literature 0 Call me El
NAME AND TITLE
COMPANY
ADDRESS
CITY

STATE

ZIP

PHONE
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Circle 126 on reader service card

255

Advertising Sales Staff
•

Power One Inc.

28 29

Powercube Corporation (Div. of Unitrode)
Practical Automation
•

Precision Monolithics

•

Princeton Applied R

•

h Corp.

Tau Tron Inc (Anritsu)

236-237

207

Teccor Electronics Inc

91

278
73

Pro-Log

25

179

Teledyne Phi'brick

207

Radiohm S.A.R.L.

13E

Teradyne, Inc.

Ramtek

15

Texas Instruments Components

RCA Solid State

62

Teztool Products Inc

Reliability Inc

56
196

17

Teledyne Relays
Teledyne Semiconductor

•

22-23,165

Teledyne MEC

33E

231
144-145,80
172-173
14

Thomson Brandt /Grego

14E

Thomson CSF Division D.T.E.

134-135

45

Tokyo Sokuhan Co. Ltd.

255

247

a

TRW LSI Products

146

Rohde & Schwarz

65

•

TRW Capacitors

130

Rohm Corporation

104

United Systems Corp Sub Monsanto

178

Rotron, Inc. (Commercial Prod. Div)

176

••

Unitrode Corporation

38

•

Varo Semiconductor Inc.

35E

Sam tech

73

Sangamo Data Recorder Div Schlumberger

120

Vector Electronics

214

Schlumberger SOMV

34E

Viking Industries

185

Scientific Atlanta, Optima Div.

174

Vishay

Second Source Industries

205

V/0 Techmashexport

255

S.E. Laboratories

32

6E,7E

•

Wendel un Goltermann

15E

Sedeme

12E

•

Wavetek San Diego Inc.

40E

Semtech Corporation

122

•

Wells Electronics

32E

•

Sfernice

•

Shell International Chemical

71
16E, 17E

Sheperdson Micro Systems Inc.

45

Siemens AG Munich

60

Signetics Corporation

43

•

Silec Thomson

ss

•

Sivers Lab

27E

Spectronics, Inc.

200

Sperry Univac
•

•

Tektronix

Racal Thermionic Ltd.

Rockwell International Telecom Circuits

•

87

Processor Technology

Rockwell Microelectronic Device Division

•

142-143

•

Riken Denski Co., Ltd.

•

Synertek

Sprague Electric
S R D Corporation
St. Lucia National Development Corp.
Storage Technology Corp

256

100-101
59

Wilhelm Westermann
$

8

XEBEC Systems Inc

196

XEDAX

255

Classified and employment advertising
F J Eberle, Manager 212-997-2557

Atomic Personnel
Sell-Northern Research
Databit, Inc.
Data General
Easta Translations
Hughes Aircraft Co.
King Radio Corporation
Myers H. Wm. & Assoc.
Rockwell International

248
250
251
249
248
248,253
251
248
251,252

242
8
129

• For more information of complete product line see
advertisement in the latest Electronics Buyers Guide
' Advertisers In Electronics International
Advertisers in Electronics domestic edition

Advertising sales manager: Paul W. Reiss

1221 Avenue Of the Americas, New York, N.Y. 10020
(212] 997-4371
•
Atlanta, Ga. 30309: Michael Charlton
100 Colony Square, 1175 Peachtree St., N.E.
[404] 892-2868
Boston, Mass. 02118: Frank Mitchell
607 Boylston St.
[617) 262-1160
Chicago, M. 80811
645 North Michigan Avenue
Jack Anderson [312] 751-3739
Robert M. Denmead [312) 751-3738
Cleveland, Ohio 44113: William J. Boyle
[716] 586-5040
Dallas, T
75201: John J. Uphues
2001 Bryant Tower. Suite 1070
[2141 742-1747
Denver, Colo. 80203: Harry B. Doyle, Jr.
123 Speer Blvd. *400
[303] 837-1010
Detroit, Michigan 48202: Jack Anderson
1400 Fisher Bldg.
[3131 873-7410
Fort Lauderdale, Fla. 33308: Michael Charlton
3000 N.E. 30th Place
[3051 563-9111
Houston, T
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 of the Americas
Michael J. Stoller 1212] 997-3616
Matthew T. Reseska 3212] 997-3617
Philadelphia, Pa. 19102: Matthew T. Reseska
Three Parkway
(212] 997-3617
Pittsburgh, Pa. 15222: Matthew T. Reseska
4 Gateway Center
[212] 997-3617
Rochester, N.Y. 14534: William J. Boyle
1175 Pittsford-Victor Rd., Pittsford, N.Y.
[716] 248-5620
San Francisco, Calif. 94111: Don Farris
Dean Ganga, 425 Battery Street.
[415) 362-4600
Paris: Patrick Mouillard
17 Rue-Georges Bizet, 75116 Paris, France
Tel: 720-73-01
United Kingdom & 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: Luigi Rancati
1via Baracchini, Italy
Phone 86-90-656
Brussels:
23 Chaussee de Wavre
Brussels 1040, Belgium
Tel 13-73-95
Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27c, Germany
Phone 72 01 81
Tokyo: Tatsumi Katagiri, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5. 3-chome,
Kasumigaseki. Chiyoda-Ku, Tokyo. Japan
[581] 9811

Business Department
Thomas M. Egan
Production Manager [212] 997-3140
Carol Gallagher
Production Manager International
(212] 997-2045
Betty Preis
Production Manager Domestic
[212] 997-2908
Roberta Cummings
Production Assistant [212] 997-2044
Frances Vallons
Reader Service Manager
[212] 997-6057
Electronics Buyers' Guide
H.T. Howland, General Manager
[212] 997-6642
Regina Hera, Directory Manager
[212] 997-2544
Roberta Cummings Production Manager
1212] 997-2044
Frances Vallone, Reader Service Manager
[212] 997-6057

Classified and Employment Advertising
Frank Eberle, Manager
[212] 997-2557
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New hardware,
software and
applications
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Electronics Magazine
Book Series

1. Microprocessors

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

2. Applying
Microprocessors

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

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

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

_

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

7. Memory Design: Microcomputers to Mainframes
The technology, devices, and
applications that link memory
components and system
design. $12.95

8. New Product Trends in
Electronics, Number One
From "New Products," stateof-the-art materials and equipment, arranged according to
function. $14.95

6. Design Techniques for
Electronics Engineers
Nearly 300 articles drawn
from "Engineer's Notebook."
A storehouse of design
problem solutions. $15.95

Electronics Book Series
P O. Box 669, High•stown, NJ 08520
1. Microprocessors
Send me
copier. at $8.95 per copy.
2. Applying Microprocessors
Send n
-e
copies at $9.95 per copy.

op!,

_

_

If after my 10-day free-trial examinatinn Iam not fully satisfied Iunderstand
that my payment will be refunded.

D Payment enclosed
D Bill firm
D Bill me
Charge to my credit card:
C American Express
Ci Diners Club
C BankAmericard/Visa
D Master Charge'

3. Large Scale Integration
Send me
copies at $9.95 per copy.

Acct No.

4. Basics of Data Communications
Send me
copies at $12.95 per capy.

'On Master Charge only,first numbers above name

5. Circuits for Electronics Engineers
Sena on
copies at $15.95 per copy

Name

6. Design Techriques for Electronics Engineers
Send me
copies at $15.95 per c:.gy.

Company

7. Memory Design: Microcomputers to Mainframes
tend me
copies at 512 95 pc, copy

Street

8. New Product Trends in Electronics
Send rae
copes at 614.95 per copy

City

Discounts of 10% on orders of 10 or more copies of each book.
-

Signature
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Date Exp.

Title

State

Zip

-

257

Solid State Sine-Cosine Synchro Converter
This new encapsulated circuit converts a 3-wire synchro input to a
pair of d-c outputs proportional to the sine and cosine of the
synchro angle.
• Complete solid state construction.
• Operates over awide temperature range.

DMD
1436-1

DMD
1430-1

DMD
1403-2

MD
1361-6

DMO
1361-4

DMD
1193-4

DMD
1361-8

OMD
1446-1

OMD
1193-5

DMD
1193-6

DMD
1361-10

MD
1472-2

11.8
400
±10
<112
>10K
26
±6MIN

90
400
±10
<112
>30K
115
'6MIN

95
60
+3

11.8
400
+- 3

<11-2
>5K
115
±6MIN

90
400
±3
<112
>30K
115
±&MIN

<12
>5K
26
±6MIN

11.8
400
., 10
<1 (..!
i5K
115
1
-6MIN

11.8
400
I10
<112
>5K
26
±6MIN

11.8
400
I
-10
<1012
>5K
115
±0.5%

11.8
400
±10
<V.2
>5K
115
±6MIN

11.8
400
+10
<1(..1
>5K
115
±6MIN

11.8
400
t10
<112
>51(
26
'. 6MIN

90
60
±10
<V..2
>5K
115
±6MIN

±15MIN

±15MIN

15MIN

±15MIN

115MIN

±0.5%

±15MIN

±15MIN

±l5MlN

±15MIN

115

±15
<30MA

±15
'OMA

1. 15
<30MA

t15
<30MA

±15
<30MA

±15
<30MA

±15
<30MA

115
<30MA

>5Hz

>10Hz

.
-1

>10Hz

>2Hz

1.15
<30MA
external
set
1.1x3.0
x1.1

UNIT
L-LSYNCHRO INPUT (VRMS)
FREQUENCY (Hz)
FULL SCALE OUTPUT (VOC)
OUTPUT IMPEDANCE
L-LINPUT IMPEDANCE
REFERENCE VOLTAGE (VRMS)
ACCURACY SIN/COS (é-25 °C)
FULL TEMPERATURE
SIN
RANGE ACCURACY COS
D.C. SUPPLY (VDC)
D.C. SUPPLY CURRENT

±15MIN

15MIN

±15
<30MA

•15
<3 OMA

BANDWIDTH

>10Hz

>10Hz

SIZE

1.1x3.0
x1.1

-40 °C
to

2.0x2.25
x1.4
dual
channel
unit
-40 °C
to

"000 ° C

000 ° C

NOTES

TEMPERATURE RANGE

<30MA
external
set
1.1x3.0
x1.1

>20Hz
1.5x1.5
x0.6

-

-

-40°C
to

-40 °C
to

+100 ° C

0Hz

1.85x0.85 2.01x2.25 0.85x1.85
x0.5
x1.4
x0.5
dual
channel
unit
-40 °C
-40°C
-40°C
to
to
to

+10(re

Hugh Precision Analog Multipliers

+100 ° C

÷100 ° C

+100 ° C

2x2.25 - 2x2.25
x1.4
x1.4
dual
dual
sine
channel
unit
output
-40°C
-40 °C
to
to
+100 ° C

4-

10(WC

-40°C
to
+100 ° C

-40 °C
to
t100 ° C

Total Regulation 0.15% Max.

• All units are hermetically

• Output set to ±1% accuracy - this includes

sealed and are not affected by
external fields

initial set point plus line,

• High analog product accuracy

load, frequency and
temperature changes

and wave quality allows dual
multiplier assemblies to be

• Foldback short circuit pro-

matched with 1% of point
• No external trims required

>5Hz
2.15x1.25
x0.5

Precision AC Line Regulator

PRODUCT ACCURACY (MCM 1519-1)
2 % OF ALL THEORETICAL
/
1
OUTPUT VALUES OVER FULL MILITARY TEMPERATURE RANGE
OF -5 5 C TO +125 C. ZERO POINT ERROR FOR ANY INPUT COMBINATION IS •2MVRMS

+100 ° C

2:40Hz
2x2.25
x1.4
dual
channel
unit
-40°C
to

tection provided resulting

over the specified temperature

Features:

range

• Low distortion sinusoidal
output

• Distortion free AC output over
entire dynamic range

• Full four quadrant operation
• Package size, power supply re-

• Linearity, product accuracy and

quirements and other specs.

than ten times superior to

zero point virtually unaffected

may be altered to your exact

commercial AC voltage

by temperature

requirements at no extra cost.

• Regulation control better

regulators transformer product lines
• No active filters or tuned

Specifications:
• Transfer equation: Eo=XY/10
• X & Y input signal ranges: 0 to 1:10V PI<
• Maximum zero point error (X=0; Y=0 or X-± 10; Y=0
or X=0; Y=.±10): 2IVIVRMS

in protection against overloads and short circuits of
any duration
• Low profile package with
straight pins makes the unit
suitable for PC board mounti
(unit is hermetically sealed)
• Transformer isolation betwei
puts.

resulting in immunity to

*Other units available at dif-

line frequency changes

ferent power levels. Informa-

• 6.5 watt output level

• Input impedance: Both inputs 20K min.

all power inputs and the out-

resonant circuits employed

tion will be supplied upon
request.

• Small size

• Full scale output: ±10V peak
• Minimum load resistance for full scale output: 2K12
Specifications Model MLR 1476-2:

• Output impedance: 112
• Short circuit duration: 5 sec.

• AC input line voltage:

• Frequency response characteristics (both inputs) 1% amplitude error:

• Output:

DC to 1200 Hz (min.) 0.5 DB Amplitude error: DC to 3500 Hz min.
3 DB point: Approx. 10K hz Roll off rate: 18 DB/octave
• Noise Level: 5MV PK-PK

115V RMS ±20% @ 400 Hz ±20%

26V RMS ±1% (for any condition)

• Load: 0 to 250 MA, RMS
• Total regulation: ±0.1 5% maximum (any combination
of line, load or frequency)

@ 100K Hz approx.
• Operating temp. range: See chart
• Storage temperature range:
-55°C to +1 25°C
• DC Power: ±15V ±1% @ 30MA
• Dimensions: 2" x 1.5" x .6"

Type No.
MCM
MCM
MCM
MCM
MCM
MCM

1519-1
1519-2
1519-3
1520-1
1520-2
1520-3

Product
Accuracy
•0.5%
t0.5%
'0.5%
t1.0%
'1.0%
'1.0%

Operatmq
Temperature Range
-55
-25
0
-55
-25
- 0

C -+125 C
C -+85 C
C -+70 C
C •.125 C
C +85 C
C -.70 C

• Distortion: 2% maximum
• AC input line current: 100 MA. max. at full load
• DC power: ±15 V DC ±5% @ 15 MA. max.
• Phase angle: 1° max.
• Temp. Range: -40°C to +85°C
• Case Material: High permeability nickel alloy
• Terminals: Glass to metal hermetic seal pins

There is No Substitute for Reliability

GM

GENERAL MAGNETICS •INC
211 Grove St., Bloomfield, New Jersey 07003 -Tel. (201) 743-2700
Circle 258 on reader service card

Electronics

Please print or type.
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.

Reader Service
For additional information
on products advertised,
new products or new literature,

BBB Ma MI Mal Ma MI

I Electronics

Subscriptions & Renewals
Fill in the subscription card adjoining
this card. Electronics will bill you at
the address indicated on the card.

To aid the manufacturer in filling your
request, please answer the three
questions.

use these business reply cards.

MM

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.

Complete entire card.

IM

March

16,

IMIM

1978

IMM

BM MIR IMM

Mill Min MIMI One

Mil NM MN

NM

This reader service card expires June 16, 1978
TITLE

NAME
COMPANY

PHONE (
STREET ADDRESS

(Company D or home D check one)

CITY

ZIP

STATE

Was This Magazine Personally Addressed to You

CI yes CI No

Industry classification (check one):
a E Computer & Related Equipment
b El Communications Equipment & Systems
c D Navigation, Guidance or Control Systems
d D Aerospace, Underseas Ground Support

j E Independent R&D Organizations
kD Government

e ID Test & Measuring Equipment
f E Consumer Products
g E Industrial Controls & Equipment
h CI Components & Subassemblies

Your design function (check each letter that applies):
Your principal job responsibility (check one)
X E Ido electronic design or development engineering work.
t 0 Management
yCI Isupervise electronic design or development engineering work.
1r CI Engineering
zD Iset standards for, or evaluate electronic components, systems and materials.

L.

46
47
48
49
50

1
2
3
4
5

16
17
18
19
20

31
32
33
34
35

6
7
8
9
10

21
22
23
24
25

36 51
37 52
38 53
39 54
40 55

11
12
13
14
15

26 41
27 42
28 43
29 44
30 45

56
57
58
59
60

2. ii 20-99

1. Dunder 20

Estimate number of employees (at this location):

a. Li 100-99

4.

Li

over iuuu

91
92
93
94
95

106
107
108
109
110

121
122
123
124
125

136
137
138
139
140

151
152
153
154
155

166
167
168
169
170

181
182
183
184
185

196
197
198
199
200

211
212
213
214
215

226 241 256 271 348
227 242 257 272 349
228 243 258 273 350
229 244 259 274 351
230 245 260 275 352

363
364
365
366
367

378
379
380
381
382

393
394
395
396
397

408
409
410
411
412

423
424
425
426
427

438
439
440
441
442

453
454
455
456
457

468
469
470
471
472

703
704
705
706
707

718
719
720
900
901

66 81 96
67 82 97
68 83 98
69 84 99
70 85 100

111
112
113
114
115

126
127
128
129
130

141
142
143
144
145

156
157
158
159
160

171
172
173
174
175

186
187
188
189
190

201
202
203
204
205

216
217
218
219
220

231 246 261 338 353 368
232 247 262 339 354 369
233 248 263 340 355 370
234 249 264 341 356 371
235 250 265 342 357 372

383
384
385
386
387

398
399
400
401
402

413
414
415
416
417

428
429
430
431
432

443
444
445
446
447

458
459
460
461
462
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a ID Computer & Related Equipment
b C Communications Equipment & Systems
c D Navigation, Guidance or Control Systems
d ID Aerospace, Underseas Ground Support

e ID Test & Measuring Equipment
f D Consumer Products
g D Industrial Controls & Equipment
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X E Ido electronic design or development engineering work.
t O Management
yE Isupervise electronic design or development engineering work.
V D Engineering
zE Iset standards for, or evaluate electronic components, systems and materials.
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Berg Interconnection System
sews up the electronics in the
Athena 2000 machine by Singer.
Berg supplied 80% of the low voltage
interconnect system for the Athena 2000
sewing machine by Singer—world's first electronic push button home sewing machine.
Singer likes its new electronic design
which eliminates more than 350 mechanical
parts while assuring reliable performance.
Singer has found it can rely on Berg ...to
supply the products and the application
machines that precisely meet its interconnection needs.

Berg is experienced. We read interconnection needs like Singer reads patterns.
We have the products, the background, and
the back-up to do the job. Your job. Let's
work on it, together. Berg Electronics Division. E. I. du Pont de Nemours & Co., New
Cumberland, PA 17070—Phone (717) 938-6711.

BERG ELECTRONICS
Circle Number 901 on Reader Service Card

We serve special interests—yours!

SENSO

etested at
PHOTOCELLS
um% TESTEDIakk,

Some suppliers sample test. Some 100% test
for light sensitivity. Clairex 100 0/0 tests twice
and then sample tests again at final qualitycontrol inspection. Only then do we print the
part number on the sensor. As aresult, many

of our customers do little or no testing
themselves.
Our photometric laboratory has standards
directly traceable to the National Bureau of
Standards. Why not try Clairex and "leave thE

testing to us?" After 25
doing something right.
Call (914) 664-6602 or write Clairex'
560 South Third Avenue. Mount Vernon,
New York 10550.

CLAIREX ELECTRON IC
„Division of Clairu\ (:orporation
Circle Number 902 on Reader yvise Card

