SURPRISE!

Sundial courtesy of Frar<s Antique Clock Shop. San Jose, Caifornia

The World's First LED Displays
You Can View in Bright Sunlight.

Now available from Hewlett-Packard are displays designed for high ambient conditions. These seven-segment

displays optimize the contrast between the digit segments and the background. A specially designed P-N
junction and larger top contact metallization permit operation at high peak currents. This feature enhances display

light output and permits strobed operation of long display strings. Combined with proper filtering these

displays can be used under high ambient lighting as bright as 10,000 footcandles!!!
Available in High Efficiency Red and Yellow, the HDSP-3530/4030 series are designed for use in outdoor
terminals, gas pumps, airplane cockpits, instruments, weighing scales,
agricultural instrumentation and point-of-sale terminals.
The High Efficiency Red (HDSP-3530/3730 Series) displays =
are priced at $2.05% (7.6mm/0.3") and the Yellow (HDSP-4030/4130 HEWLETT |ﬁﬂ_ PACKARD
1507 Page Mill Road, Palo Alto, California 94304

Series) displays are $2.25% (10.9mm/0.43"} in quantities of 1000.
255-9800, Atlanta {404) 965-1500, Las Angeles (213) 877-1282

Circle 1 on reader service card 1

For assistance call: Wastwngton (301] 948-6370, Chicago (312}

*U.S. Domestic Prices Only.

For immediate delivery, call any franchised HP distributor. In the
Wilshire or the Wyle Distribution Group (Liberty-Elmar). In Canada,

U.S. contact Hall-Mark, Hamilton/Avnet, Pioneer-Standard, Schweber,

call Hamilton/Avnet or Zentronics, Ltd.

01803
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HP5328A
Universal Counter.
The Right Performance
At The Right Price.
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HIZEA UNIVERSAL COUNTER
MEWLET 1 PACRARD

If you’re looking for a medium priced universal
counter with the capability to do just about

any counting job and the versatility demanded
by tough systems applications, look ne further.

For only $1300* the HP 5328A Universal
Counter is a basic 100 MHz/100ns instrument
that expands to meet your needs. Optional
modules let you expand its capabilities to 512 or
1300 MHz and 10 ns time interval.

You can select an optional built-in DVM
(single-ended or full floating, 10 uv to 1000v)
for accurate determination of trigger levels and
for external digital voltage measurements.
Only HP offers it.

*U.S. Domestic price only.

Other options let you make use of an
ultra-stable time base and HP Interface Bus
Operation including full remote control of the

_counter and the DVM.

Sound good?

There’s more information available for you
on the HP 5328A Universal
Counter and the full line of
sophisticated HP electronic
counters.

Just call your nearby
HP field office or write
for our new electronic
counter brochure.

103 920 04

HEWLETT

 PACKARD

1507 Page Mill Road, Palo Aito, Calformia 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Highlights

Cover: Measuring time and frequency, 82

The accurate measurement of time and
frequency is a basic engineering tool. Using
new technology, today's sophisticated
counter - timers, oscilloscopes, and spec-
trum analyzers produce faster, more precise
data than ever before. But there are pitfalls.
Part 1 of this new series tells how to make
accurate measurements with digital
counters and timers (p. 84).

Cover by Art Director Fred Sklenar.

Government actions damage trade, says AEA, 76
The Administration’s proposal to end defer-
ral of U. S. taxes on income earned abroad
ultimately harms the trade balance, argued
Edwin Zschau of the American Electronics
Association (formerly WEMA) before a
Congressional committee this month. And
high capital gains taxes are scaring vital
venture capital away from high-technology
companies, he added.

Here come the big, new 64-K ROMs, 94

The latest generation of read-only memories
uses assorted technologies, varied pinouts,
and are sometimes dynamic instead of
static. Designers from three companies
describe why and how they optimized their
devices for speed (p. 96), density (p. 99), or
for compatibility with other chips, especially
microprocessors (p. 104).

And in the next issue...

Preview of the Electronic Components
Conference . . . a special report on magnet-
ic-bubble and charge-coupled memories . . .
a high-performance monolithic analog-to-
digital converter . . . software on silicon: the
implications of large ROMs.
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Publisher’s letter

Is the Golden State of California

losing some of its glow for elec-
tronics firms? That would seem to be
the case for some of the West Coast
firms, at least when it comes to plan-
ning for expansion.

The main problems, described in
the Probing the News story starting
on page 74, are the high cost of
housing for engineers moving to
California and heavy taxes, includ-
ing an inventory levy that, critics
say, is particularly hard on small,
high-technology companies with
shops full of expensive test equip-
ment.

Our West Coast bureau
managers, Larry Waller in Los
Angeles and Bill Arnold in the San
Francisco Bay area, found a number
of discontented company executives
with more than the usual complaints
about taxes and rising costs. Their
reports indicate that the headaches
are real enough to cause some of
these electronics companies to seek
new sites for locating plants. As the
story points out, it’s not exactly an
exodus but a new look at where to
locate facilities.

Lamenting the conflict many
highly industrialized states have
faced concerning business taxes, one
California state official notes, “Ev-
erybody wants to come here for the

advantages —weather, educational
system, technology pool, and so on,
but they want to be taxed like a state
that doesn’t provide as much.”

when is a thousand not a thou-

sand? When the subject is semi-
conductor memories. When the first
1,024-bit read-only-memory-on-a-
chip was called a 1-k device, no one
objected, nor was there any diffi-
culty with its 4,096-bit (4-k), 8,192-
bit (8-k), or even 16,384-bit (16-k)
successors. A conventional engineer-
ing roundoff coupled with the conve-
nient binary progression made sense.

But the simple rationalization
breaks down now that we’re reach-
ing the 65,536-bit level. Most of the
industry is talking happily of 64-k
devices, discarding 1,536 bits.

But it’s offensive to our editors to
have a term mean one thing to one
group and another to another, so
they’ve come up with a compromise:
beginning in this issue, most notably
in the special report on big ROMS
starting on page 94, K stands for
1,024 and k stands only for 1,000.

.

Wanted: engineers who
want to be editors

We have challenging positions available for electronics engineers who can
combine aggressive curiosity, writing ability, and technical know-how into a
rewarding career as an editor on Electronics magazine in New York. Candi-
dates should have a BSEE and design experience. We offer excellent salary
and fringe benefits. Send your résumé to the Executive Editor, Electronics,
1221 Avenue of the Americas, New York, N. Y. 10020.
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Now microprocessor control
lets you quickly program pulse
parameters with accuracies of...
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DGRAMMABLE PULSE GENERATOR
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HP’s new 8160A—the first microprocessor-controlled
pulse generator—gives you the versatility, high accuracy
and programming capability that's needed for precise
control of pulse parameters. Its 50 MHz frequency range
with 20V amplitude capability makes the 8160A an ideal
solution when you need accurate, consistent pulses for IC
qualification, automatic testing or breadboard check out.
The 8160A is easy to set up and quick to program too,
for greater testing throughput.

In automatic test systems, the 8160A can be controlled
by computer or computing controller via the HP-IB*.
Programming is easy using the 8160A front-panel
mnemonics. Or, the HP-IB  “leam mode” can scan and
store front-panel settings automatically.

Manually, you set up the 8160A using convenient
front-panel push buttons and you can store up to nine
complete front-panel setups for quick recall. A vemier
lets you change values without time-consuming data
reentry. The 8160A even alerts you to incompatible entries.
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Add to all of this such features as counted burst, intemal/
external triggering, synchronous gating and two-channel
output option, and you have a versatile pulse generator
for a variety of testing needs. One that speeds-your setups,
delivers high-quality signals for precise testing and boosts
your testing throughput—all for $11,000**. (two-channel
option is priced at $4,800**).

Contactyour local HP field engineer today for complete
details of this high-peformance pulse generator.

* HP's implementation of IEEE Standard 488-1975
** Domestic U.S.A. price only.

HEWLETT ﬁ PACKARD

1507 Page Mill Roac, Paio Alto, California 94304

For assistance call: Washington (3¢11) 944-6370, Chicago (312)
255-9800. Atlanta (404) 955-1500. Los Angeles (213) 877-1282
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THE FAMILY.

There’s a 256-bit, a 1K, a 2K and a 4K
with output latches. Choose open-collector or
three-state outputs. All have the same elec-
trical characteristics. All are programmable
from the same card set.

Are they fast? Are they fast! Just take a
look at the chart.

Performance and reliability? MIL-STD-883
for free. Designed tor military pertormance.
Enough said.

And with every AMD PROM, you get one
small miracle: After almost two billion fuse
hours of testing, the fuse failure rate is zero.
Zip. None.

The magic ingredient is platinum-silicide.
The programming is fast. The yields high.
And the long term reliability is excellent.

ANOTHER FIRST.
In the family you'll find an Am29774/75,
the world’s first 512 x 8 registered PROM.

Make room for it. 35% less room. It’s a
22-pin part. It's 35% smaller than 24-pin
counterparts.

Here’s yet a third first: easy pipelined
microprogramming. The Am29774/75 has
edge-triggered full master/slave registers
built right into each output, eliminating an
external 20-pin octal register and saving
another 20% in board area.

All this means is that the next time you
need high performance PROMs, call
The First Family.

Call Advanced Micro Devices.

Advanced
Micro Devices

e\

Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone (408) 732-2400

Advanced Micro Devices, Inc. ¢ France: Silic 314-immeuble Essen, 20 Rue Saarinen, 94588 Rungis Cedex, France, Tel: (1) 686-91-86.
Germany: 8000 Munchen 2, Herzog-Heinrich-Strasse 3. West Germany. Tel: (089) 539588: Unlted Kingdom: 16 Grosvenor Place. London
SW1, England. Tel: (01) 235-6380. Belgium: 412. Avenue de Tervuren. B P. 8, 1150 Brussels, Belgium, Tel: 32-2-771.99.93
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Maybe you've heard whisperings about a new LSI Board Test System
from Teradyne. One with all the capability that today’s circuit boards demand.
One with the speed and capacity to handle virtually any board, no matter
how complex.

If that’s what you heard, you heard right.

The systemis called the L135. How does it meet the challenge of LSI
board testing? Head-on, with sheer power.

The power of 5-MHz test rates to run fast LSI boards at their normal
operating speeds.

The power of 444 channels to handle the most complex circuits without
compromise.

The power of an “electronic knife” to diagnose bus-line faults right to the
bad device —for all IC logic families.

The power of automatic programming, with computer models of many
popular LSI devices for use with the P400 Automatic Programming System.

The power of integrated analog capability to cope with the growing
challenge of hybrid LSI boards.

The power of automatic probing, to maximize throughput in high-volume
applications.

All this comes in a system that is Teradyne to the core. That means it is
designed and built for hard, industrial use. It means Teradyne’s standard
10-year warranty, locked-in no-calibration performance, telephone trouble-
shooting assistance, programming and maintenance training, world-wide
spare-parts stocking, and much, much more.

The L135. The most powerful LSI Board Test System you can buy.

From Teradyne. Passit along.
f ERADYNE:

183 Essex Street, Boston, Mass. 02111

Circle 13 on reader service card
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Announcing

“Breadboard Savings

-2 0 L4
The Elite Series
Three design systems of the future, with capabilities built-in
to save electronics laboratory time. The Elite I, 11 & |1} elimi-
nate conventional breadboarding problems, providing opti-
mum circuit construction, adaptability and wide-ranging
applications. New designs formerly taking days or weeks of
engineering time can now be built, tested and finalized in
hours. Without soldering—without special patch cords: just
insert hook-up wire or component leads into specially de-
signed component sockets (SK-10®) and pin jacks. No
soldering means no waste. Thousands of these versatile
systems are being used internationally for constructing,
testing, trouble-shooting and optimizing all types of analog
and digital circuitry. Join the Elite. Step into ““Time
Machines" of the future. Send for our free ““Bugworks® "’
catalog.

ElLiy

E&L INSTRUMENTS, INC.

61 First Street, Derby, Conn. 06418
(203) 735-8774 Telex.No. 96 3536

’
{
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The magazine
youre reading now,
could be your own.

Drop off the routing list. Get your own fresh, unclipped copy mailed
to your home or office. Turn to the subscription card in the back of
the magazine. If somebody has beat you to it, write: Electronics,
P.O. Box 430, Hightstown, N.J. 08520.
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Caution. In Seely’s view, no semiconductor
house can survive on just one technology.

in v.Mo0s. “It has the edge over
everything else in achieving denser
chips,” he says. Unlike other Mos
memories, which have each cell’s
transistor and storage capacitor on
the surface, v-MOs has the storage
capacitor underneath and only the
transistor on top, and that saves
space. “In the world of miniaturiza-
tion of silicon area, this makes all
the difference,” Seely says.

Besides memories already avail-
able as samples—two fast 4,096-bit
static v-MOS random-access memo-
ries (see p. 116)—Seely will launch
two other hot v-Mos items for the
microcomputer market, an 8-K static
RAM and a 16-K erasable program-
mable read-only memory.

More than one. But, Seely says,
“no house can survive as a one-
technology supplier, especially one
like AMI that does more than half its
business on a custom basis.” Thus
the company, with sales last year of
$71 million, will introduce products
such as complementary-MoS versions
of its 4-k and 8-K static memories
and, for the appliance market, a
C-MOS version of its proprietary
S3000 one-chip microcomputer. Al-
though he declines to give any
details, he also alludes to programs
under way for “super-high-density
C-MoOs and n-channel MOs devices.”

Seely is also enthusiastic about the
telecommunications market [Elec-
tronics, March 16, p. 46]. “There’s a
customer at the end of every tele-
phone line that could use some of our
devices,” he says. ““And at the other
end, there’s the telephone office, so
it’s a large market at either end.”

Electronics /March 30, 1978



Instrumenta vitae
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Magneti Marelli is one of the largest Magneti Marelli can manufacture
producers of electric and electrenic sys-  hybrid circuits for a wide range of ap-
tems and has been manufacturing stand-  plications including:
ard or custom made thickfilm hybrid - data processing systems

circuits for over five years. - communication equipments
Magneti Marelli is happy to allow - automotive electronics

its customers to take advantage of its - industrial electronics

complete design capabilities and produc- - medical equipments

tion facilities at competitive prices - consumer market

MQGREEI capability & technology

SYSTEMS AND ELECTRONICS DIVISION

MAGNETI MARELLI/ DIVISIONE SISTEMI ED ELETTRONICA/SES™O S. GIOVANNI/MILANO/ITALY/V.LE ITALIA 1/TEL. (02) 249G.1/TELEX 31041 MAGNET!
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64K ROM:s designed

computer compatibility.

NC g| 28| :‘:
Second, the 2332 and 2364 are com- ‘,E B 18 TBY :.‘:g By 45 =
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with our 32K EPROM when it is intro-  gE @ og % og & of %
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duced. Again, Pin 18 is the key. Note il -
that Pin 18 performs the same power con- 16K EPROM | 32K ROWEPROM | 64X ROM
. . Organization 2Kx8 4Kx8 8Kx8
trol function on all devices. So you can  sgive tce (max) 100 mA 20mA 40 mA
prototype with EPROMs and go directly = sandbyiecmax | 25ma 15 mA 15mA
to hlgh density ROMS fOI' pI'O dllC tiOI‘l Access Time (max) | 350-450ns 300 ns 300 ns

Engineering the 2332 and 2364 for microcomputer system compatibility led
us to the third important advance—the end of bus contention problems. In new
multiplexed microprocessor systems, such as the MCS-85 and MCS-86, the
Output Enable (Pin 20) needs to be independent of the Chip Enable (Pin 18)
which is the power control and selection function. So the 2332 and 2364 have an
Output Enable (OE) for independent control of the data bus, with no possibility
of multiple device selection. And input latches on all Edge-Enabled devices
allow direct interface with new multiplexed microprocessors.

Low power is essential to meet today’s design requirements. We've achieved
low power in our 32K and 64K ROMs that can’t be matched by fully static parts.
Active current of the 2332 and 2364 is 40 mA (maximum). And Intel’s Edge-
Enabled devices have the added benefit of using Pin 18 for the power control
function. So standby current is automatically reduced to 15 mA (maximum).

To get complete details on this important and complex subject, send for our
2332/2364 applications note AP-30, “Applications of Intel’s 5V EPROM and
V ROM family for microcomputer systems.” It provides board

layout recommendations, system design applications, timing

diagrams, function explanations and discusses PL/M modular

software compatibility. Write: Intel Corporation, Literature
Dept., 3065 Bowers Avenue, Santa Clara, CA 95051.

Or for samples of these new parts, contact your local

Intel representative. . °
~ intal delivers.

Europe: Intel International Corporation S.A., Rue du Moulin a Papier, 51-Boite 1, B-1160, Brussels, Belgium. Telex 24814.
Japan: Intel Japan Corporation K.K., Flower Hill-Shinmachi East Building 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154. Telex 781-28426.
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Editorial_

A North American alliance?

The chairman and chief executive officer of
Northern Telecom Ltd., Robert C. Scrivener,
has proposed an interesting economic
development plan. At a recent talk before

the Ontario Economic Council, the
communications equipment company executive
made a case for Canadian firms to invest in

the United States.

In fact, Scrivener practices what he preaches,
for Northern Telecom has been active in the
U. S. market for some time and has already
acquired production facilities in this country.
Outlining his reasons, Scrivener states:

“These tendencies [U. S. investment by
Canadians] suggest strongly that we start
thinking of a North American alliance as the
prime position for our national industrial
objectives and strategies, and that we in North
America start to prepare ourselves for the
onset of the international and intercontinental

Distributors look to the future

Considering their importance in the proliferation
of electronics into new applications and
industries, distributors have not received
uniform attention from the manufacturers
that supply them.

While some companies have developed
strong distributor programs emphasizing
mutual profits, others have squeezed these
middlemen into difficult positions. Therefore,
any discussion of the distributor mentality
must put part of the responsibility for the
cause of its manifestation —high volume with
low profits—on suppliers.

It is time to rethink the role of distributors
in this industry, a task that must involve both
the distributors themselves and the product
suppliers. Essentially, the industry needs
policies that will be to the advantage of both.

24

trade battles of the '80s.”

He then goes on to identify some of the
factors that make Canadian research,
production, and marketing involvement in
the “lower 48 states’ attractive. In general,
economic conditions north of the border
mirror those in the United States and may
in some respects be more burdensome. For
example, the high wage levels, high cost of
materials, taxes, and government regulation
at home all contribute heavily to Canadian
interest in operating abroad, in the United
States.

Knowing these facts, the U. S. should not
be surprised if Canadian electronics firms
take Scrivener’s suggestions seriously. Indeed,
cooperation among Canadian and U. S. firms,
such as that between Northern Telecom and
Intersil, could lead to a beneficial North
American alliance in electronics technology.

Suppliers need to become more aware that
service is as important as volume and that
service implies higher costs. Distributors are
coming to realize that they stretch themselves
too thin financially by trying to carry too
many lines each of which has marginal profits.

For example, as distributors are required
to purchase microprocessor development
systems in order to serve their customers,
operating costs have climbed. These costs
need to be accounted for, and this means that
margins on product lines should increase to
compensate the distributors.

If the cost of getting a new line into the
marketplace has increased for manufacturers, -
it has also jumped for distributors. If anything
should alter the distributor’s strategy of the
fast turnover dollar, that fact should.

Electronics /March 30, 1978



Fcrd uses

... Quality Cars Start with Quality Parts.

At Ford Motor Company,.quality is a WIN THIS NEW FORD PINTOI

lot more than something to talk . . )
about. inl TV commercialgs—it’s 2 S peesed ncton___ You may win this 1978 Ford Pinto
— or one of the other Super prizes in

rule that applies to every aspect of
2 y asp the General Instrument Superec-

building fine cars and trucks. ) A

tifier Sweepstakes. Just send in this
literature request coupon and we'll
send your entry form with your
Superectifier catalog.

Official Rules and Regulations Apply. Void Where
Prohibited.

---------q

So when Ford needs rectifiers, the
choice is quality—General Instru-
ment Superectifier.

Not only does Superectifier assure
Ford owners of long dependable

Brared con:truction

e Flame Retardant, UL Listed epoxy encapsulation.

Not everyone needs the kind of quality Ford requires, but I GENERAL INSTRUMENT CORPORATION

it— i ifi o OISCRETE SEMICONOUCTOR DIVISION
everyone can afford it—because with Superectifier the pre | I e e e PR G ey

service, but it eliminates costly fail- are o - i OK, GI. Send My Superectifier |
ures due to the stresses of auto- I Catalog and Sweepstakes Entry
mated assembly techniques, help- Form and Official Rules. i
ing Ford to keep costs down. i .
Name Title. |
It's easy to see why Ford selected i
Superectifier, just look at its patented construction. Company . |
e Metallurgically Bonded, at greater than 600°C, Address I |
at both the leads and the junction. i City State Zip I
e Hermetically Sealed, glass passivated junction. I Phone : |

mium is on quality not price.
L--------------‘
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Dont limit Mosteks new tone dialers
and tone receivers to the telephone.

Limit them to your imagination.

Applications for Mostek TONE II™ integrated compatible and are in volume production today.
tone dialers and the new MK 5102 integrated tone Additional features of the MK 5102 include 5-Volt
receiver are limitless. These two CMOS integrated + 10% power requirement latched three-state outputs
circuits now create a multitude of possibilities for with data valid strobe, low pre-filtering requirements

digital communications and control applications. and superior talk-off protection — all in a 16-pin
Previously, these applications were impractical package. The MK 5087 through MK 5091 TONE II™
because of system design complexity and the dialers provide simple, low-cost solutions for a wide

resulting high system cost. But now, with encoding  variety of circuit designs ranging from fixed supply
and decoding functions integrated onto single IC’s, to direct phone line applications.

you can unleash your imagination. There's more information on Mostek's
Start with these facts: Mostek tone generators ~ communications products. Contact Mostek at
and tone receivers use the economical TV color 1215 West Crosby Road, Carrollton, Texas 75006.

crystal for reference. Both operate using the world- Telephone:(214)242-0444.In Europe contact Mostek

recognized TOUCH TONE * DTMF system. Both GmbH, West Germany
meet or exceed most standards for stability, Telephone: MOS I E l(
distortion and timing. Both are microprocessor (0711) 701096. ®

-
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Systems

'rototyping
'ackages and
\ccessories

'rototype Systems

:BC 80P05 - 80P10 - 80P20

he SBC Prototype Packages contain
Il the tools to evaluate Intel's Single
oard Computer Family.

Jevelopment Systems

‘rograms may be developed and
lebugged in modular form on Intel's
ntellec* Microcomputer Development
jystems and executed on any SBC 80
w SYSTEM 80-based product.

rogram modules may be written in
ntel's high-level systems programming
anguage, PL/M, and/or assembly
anguage, relocated and linked with
iser-setected RMX/80 and Intel library
rogram modules, using the ISIS-II
Jperating System.

S o=

iscope™ 820

iscopem™ 820 console provides you
nvith an easy-to-use, inexpensive,
lexible and effective means 1o service
ind support your Microprocessor-
»ased end products.

Real-Time
Multi-Tasking
Executive

Software

The SBC 80 family is backed by a
powerful and versatile array of software
products. RMX/80™ is a compact and
efficient Real-Time Multi-Tasking
Executive that provides the capability
of synchronizing and controlling
multiple external events.

Reliability

A highly reliable computer is the result
of the manufacturer setting rigid quality
assurance standards and — more
important — meeting those standards
at each point in the design and manu-
facturing cycle... at the wafer level,

at the component level, at the board
level, and at the system level.

The establishment and implementation
of high design and quality assurance
standards has resulted in an exceptionally
high (73,000 hr. MTBF at 25°C for
SBC 80/10A) reliability rate.

Support and Training

Intel maintains the largest staff of Field
Applications Engineers in the micro-
computer industry. These engineers
are available worldwide 1o help you
with your system design and configura-
tion requirements. Regularly scheduled
Intel hardware and software training
courses and workshops are held
throughout the worid. The Intel

SBC 80 and SYSTEM 80 product line

is stocked and supported by an inter-
national distribution network
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intgl*’s Family of
Single Board Computers
The growing requirement for low cost
microcomputer systems for OEM and
volume wnd user applications was the
mot.vating factor in intel's introduction
of the fiest Single Board Computer
—the S3C 80/10— in February 1976
The SBC 80 family has grown rapidly to
meet the varied requirements of the
marketplace. Four new Single Board
Computers and three fully packaged
SYSTEM 80 microcomputer systems
have been introduced. A large variety
of compatible memory boards, digital
170 boards, communications boards,
analog !/0 boards, mass storage
systems, power supplies, system proto-
typing kits, cardcage and backplane
assemb.es, and comprehensive docu-
mentation have all been added to the
expanding product line. The Intel
MULTIBUS was developed to tie the
entire family together and has evolved
as the industry standard bus architecture.
The SBC 80 and SYSTEM 80 products
are alsc supported by a growing array
of Intel software, including the RMX/80 ™
Real-Time Multi-Tasking Executive,
ISI1S-1I Operating System, PL/M-80
hign-level systems programming language,
assemblers. text editors and In-Circuit
Emulation debug and diagnostic packages
all designed to support the modular,
efficient requirements of microcomputer
systems

The intgl” MULTIBUS

The Int2l MULTIBUS was designed to
maximize system throughput for SBC 80
based applications. The bus architecture
suppor:s multi-master systems (those
requiring multiple Single Board Compu-
ters, DMA boards, disk controiler boards)
with sesial or parallet priority schemes,
eight levels of vectored interrupt, addres-
sing of up to 64K bytes of memory and
512 8-bit 1/0 ports. An asynchronous
bus clcck is provided to allow masters

of different speed to share common bus
resources. Bus transfers can proceed

at rates up to 5-million bytes per second.
The MULTIBUS enables mulliple proces-
sors tc work together to share services
and give optimized configuration capa-
bility, as well as autonomous operation
in a system environment.

For more information on Cost Effective
Microcomputer Systems, contact:
intgl” International,

Rue du Moutin a Papier, 51 - Boite 1,
B-116D, Brussels, Belgium.

Visit us at

r

CeBIT-West
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The HP 2645A is the smartest of
our alphanumeric terminals, Even
so. it’s easy to operate. Micro-
processor control gives the 2645A
easy editing. scrolling and forms-
building capability. User definable
“soft keys” streamline repetitive
Jobs. Dual. plug-in cartridges pro-
vide mass storage up to 110K
bytes each. And the terminal can
transmit data up to 9600 baud.

Yes, I'm interested in your terminals.
Send me more information on the

O HP 2645A CRT Terminal
[ HP 2648A Graphics Terminal
O HP 2649A Terminal/Controller

O HP 3071A/3070A Data Terminals

{J HP 7260A Optical Mark Reader
O HP 2631A Printer

[J HP 2635A Printing Terminal

O Other Peripherals

The HP 2648A combines
full alphanumeric and graphics
capabilities. These include
auto-plot, raster scan.zoomand
pan, area shading. pattern def-
inition, and rubber-band line.
Dual, plug-in cartridges store
up to 110K bytes each. The
2648A has independent memo-
ries. so you can display words
and graphics separately or at
the same time.

State/Zip

The HP 2649A gives
OEMs a building block
approach. You can make
a terminal. a controller.
or a graphics display
station. depending on the
optional cards and key-
boards vou choose.
Starting with the basic
CRT. microprocessor,
1/0 and backplane. you
customize the 2649A and
program the built-in 8080
microprocessor to fit
your application.

The HP 3071A
Numeric Data Entry
Terminal makes it
casy to input data to
vour computer from
your warehouse.
shipping dock. or pro-
duction line. You
customize the kevs'
prompting labels so
anyone can operate
the 3071A casily. And
it's R$232C and
CCITT V.24 compat-
ible. The HP 3070A
Model is IEFI 488
compatible.

O Send details of your OEM discounts

and agreements. Mail to: Hewlett-Packard, Attn: Larry Turner,

11000 Wolfe Road, Dept. 619. Cupertino CA 95014




erming

flexible, hard and

The HP 7260A Opti-
cal Mark Reader is a
flexible transmission
link to your computer.
It reads both pencil
marked and punched
cards, transmits at up
to 2400 baud, and
with its two RS232C
or CCITT V.24 connec-
tors can easily form

;- an integral part of a
low-cost RJE station.

-
-

-
o=
1

fon
v

We've made hard copy easy with our
microprocessor controlled HP 2631A Printer
and HP 2635A Printing Terminal. The
easy-to-read 7x9 dot matrix meets the 128-
character USASCII Standard, allows true
underlining and descenders, and prints six-
part forms. A long-life drop-in cartridge
makes ribbon-changing easy, and the
Character Expand/Compress mode gives
you three ways to print.

|

= e W

Y2 ——

Both the HP 2635A Printing Terminal and
the 2631A Printer zip along at 180 cps
in both directions. The microprocessor deter-
mines the optimum print path. A high-speed
slew speeds up printing columnar data, and
the long-life, self-aligning print head makes
for a quick change. Both have self-test
features for quick verification of operational
status.

These Hewlett-Packard terminals are compatible with all the major interface
standards and work with computers from a range of manufacturers. They come with full
HP support, service, training, and documentation.

To find out more about these (and others) in our growing line of terminals, call
the HP office listed in the White Pages. Or send us the coupon. If you don't see exactly what
you'e looking for here, let us know. There
are plenty more where these came from.

HEWLETT ' ﬁ, PACKARD
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Array processor
from Data General
crunches numbers

Peripheral controller
marks Ampex’
entry into market

Tektronix MDS
now uploads
and downloads

Intel to announce
production codec
at Paris show
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The first array processor to be offered by a minicomputer manufacturer
will be introduced this week by Data General Corp. The AP/130 will
handle complex signal processing in acoustic and radar signal analysis,
tomography, seismic data processing, communications, and speech analy-
sis. It takes the Eclipse S130 and adds floating-point capability to produce
the required digital signal at high speeds. The machine incorporates a
1,024-element, fast-Fourier-transform, complex-number array that can
perform operations called butterflies—four multiplications and six addi-
tions. It does 5,120 of them on either an ordered pair of 32-bit floating-
point data or a 1-k FFT in 8.75 milliseconds—an average of 585,000
butterflies per second on 64-bit data. With the standard Eclipse microcom-
puter, the AP/130 performs both 32- and 64-bit operations using Fortran
V. A typical configuration will sell for just under $60,000 and delivery is
90 days.

Traditionally a supplier of tape and disk drives to original-equipment
manufacturers, Ampex Corp.’s Data Products division will surprise some
manufacturers of minicomputer peripheral controllers next week when it
introduces its DC-1000 controller at the Mini/Micro 78 Conference on
April 18 in Philadelphia.

According to Mike Kirby, senior product manager, the strategy for the
new controller ($7,500 in volume quantities) is to gain a greater profit
share by moving closer to the end users with value-added adjuncts to the
traditional line of tape and disk drives. Kirby cites the DC-1000’s
firmware-resident microdiagnostics as the unit’s key feature, but adds that
this self-testing and diagnostic routine is only one of the advantages of the
custom bit-slice microprocessor architecture. The controller can relieve the
host’s central processing unit and main memory of most of the tasks
involved in disk-processing subroutines. Moreover, the built-in processor
permits the DC-1000 to operate in conjunction with up to four disk drives
and up to four Cpus.

Tektronix Inc. has broadened the appeal of its 8002 universal micropro-
cessor development system with a software feature that helps cut design
costs: source data from a host computer can be “downloaded” (moved
from computer to terminal) to the 8002 and “uploaded” back to the host
computer over standard RS-232-C lines. Among the advantages are that a
central data base can be shared among several Tektronix units and that
separate design teams can interact through a central computer to design a
common system. The new program is becoming a standard feature on the
$9,950 8002, which supports Intel 8080A and 8085A, Motorola 6800,
Texas Instruments TMS9900, and Zilog Z80A microcomputer families.

Signs that the telecommunications market is heating up for chip makers
will become stronger when Intel Corp. announces production availability
of its single-chip n-mMos codec at the Paris components show, April 3-8.
Intel’s codec converts voice signals into pulse-code-modulated digital
signals for switching or transmission on a pcM link and converts the digital
signals to voice at the other end. At the show, Intel will display the 2911
A-law version for European companding standards but it also has the 2910
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1024 (One Thousand Twentyfour) Instructions
with the New Infrared Remote Control System
from ITT Semiconductors

We have always considered it essential to apply our worldwide know-how
to trend-setting developments.

In the early 1970s it was already known that a color TV set could best be
adjusted for an optimum picture from only the right viewing distance. The
first remote controls using heavy cables appeard on the market. And then came
the wireless but expensive and delicate controls.

We found the ideal solution... thanks largely to our expertise gained in
developing those now legendary tuning diodes for controlling analog and digital
signals in a TV set. (Meanwhile, a diode tuner fitted with our integrated circuit
SAA 1021 can be used also for fully electronic channel selection.)

In those days we started looking for new control concepts... and we deve-
loped our 30-channel ultrasound remote control system SAA 1024/25, a system
that has become the most popular in
Europe today and has propelled
INTERMETALL, our German based

activity, to the top position among

European producers of MOS devices nteared nfeaced

for consumer applications. Together Transmitter Receiver — Color

with our partners in the TV Industry with SAA 1050 ' l I l With/SAA,1051 TV Set

we have continually expanded our

knowledge and refined our technolo- ‘t

gies so that we can now present our 7'y

highly flexible and long lived 22t T
Infrared Remote Control System Video

SAA 1050/51 P Games [

Technical Features:

— transmission system for 64 individual instruc-
tions. all assignable to 16 different addresses. 0—’
giving a total of 1024 instructions

~ transmitter IC SAA 1050 in CMOS technology
— receiver IC SAA 1051 in silicon-gate P-channel
technology, a specialized microprocessor

— signal transmission by pulse-code modulated

Videotext
infrared light > (Ceetax)
- long transmission distance

Picture on
Picture

— high noise immunity through integrated interfe- { °

rence suppression circuit

— long life of transmitter battery Data Bus | ® max. 15 Circuits
— four operation options for the receiver 1C | L]

— only one transmitter for 16 pieces of equipment
or addresses

The dialogue and cooperation with our customers has borne fruit; our new “'“:‘t‘h'w_ﬂgtm ornenew Irivared gsﬂc"mz ‘;‘2‘0‘35{“6'*
transmission system is just what the industry wants. e inegreteg et < o °
The ongoing know-how exchange with our partners has shown that a revo-
lutionary control system such as ours must also be capable of controlling features
in the audio and video field that are still in the early stages of development, for
example intelligent TV games, teletext, viewdata, remote programming of
high-fidelity equipment, etc.
We will gladly give you more details. Ask for our data sheet 6251-110
and for the application consultants in your country.
Production and Marketing Centers: U.S.A.: ITT Semiconductors, 500, Broadway,
Lawrence, Mass. 01841, Tel. 617-688-1881, Telex 7103420764, U.K.: ITT
Semiconductors, Footscray, Sidcup, Kent, Tel. 3003333, Telex 21836,
W.Germany: INTERMETALL GmbH, P.O.Box 840, D-7800 Freiburg,
Tel. (761) 5171, Telex 07-72716, Japan: ITT Semiconductors, P.O.Box 21,
Shinjuku-ku, Tokyo 160-91, Tel. 3478881-5, Telex 22858.

semiconductors ITT
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)ata Acquisition System?

e e Yot ame, . Anotherinnovationfrom  maRee L neits o e vser,i
energy and money%e-bugging the Analogic - A DAS forthe one instructionto(a) i?\itci):tlg th: go(ra\-’ "
hardware, creating some specialized TI TM990/100M version (b) collect the data (c) operate
software, burdening the host compu- Microcomputer with onthatdata and (d) store the resultant

ter and finding that you bought a 12-bit data. Toyou. the user, thisadds up to
A/D system thatdoesn’t stay a 12-bit “Program-Transparentl/O”  gha iy reduced software costsand

A/D systemvery long. Our ANDS Series of 12-bit input/ rapid system implementation.

Why Are We Any Different? ggts?;rt\gf% P&?arqrg)gzﬁsgﬁﬁmgﬁlg In addition, our low-level DAS pro-

We're an ultra engineering-oriented  TM990/100M. Whether you mustac-  taoc (" Thermocauple Geld Junction

company with astrong commitmentto  commodate either hi-level or low-level 0 ?h . rsab ° burd ln'n t;w eh ! ta-

productreliability, integralaccuracy, signals, you will find this DAS clearly comout ffr{)r‘; th“ 03 ! hg a de %S

stability over time and temperature accommodates and enhances the pute he overhead and pro-

and innovative solutions to customer unique capabilities of the gram code required to perform such
linearization.

problems. And we know, that toreally TMS90/100M.

solve your problem it takes more than

block diagrams. It takes experience; it ... AND TO AVOID BEING AM-

takes what you might calla “‘green-
thumb’’ indata acquisition systems.

Superior Data Acquisition Systems
must provide solutions to cus-
tomer problems, measurement
techniques and specific micro-
computerrequirementsand ¥
purposes. And that is what
Analogic does, provides
solutions qualitativelyand ¥
innovatively overabroad & :
line of products. Maybe &?'
that's why Analogicis,
by far, the world’s largest
designer and manufacturer
of microcomputer Data Acqui-
sition Systems.

Acalltoour Data Acquisition Tech-
nical Support Team is the shortest

BUSHED, Analogic exercises the

_ most stringent quality control pro-
cedures in the industry. All
components are 100% inspected —
modules undergo extensive testing

s ., — Systemsare burnt-in and

power cycled for 48
hours in a special
environmental
chamber — and all
systems undergo final
dynamic testsina Tl
microcomputer. All this, and
we're competitive, too.
~ For complete data on our

&7 ANDS Series of l10 boards

please contact your closest

F distributor or call or write

Analogic’s Marketing Department
(617) 246-0300. Analogic

route to years of accumulated experi- .
A L ANDS Series /O Boards for the Corporation, Audubon Road,

ence and solutions toany of your data TI TM990/100M Microcomputer.  Wakefield, Massachusetts 01880.
acquisition problems.

ANALOGI

®

AUSTRIA ENGLAND ISRAEL NETHERLANDS SPAIN SWITZERLAND EASTERN BLOC COUNTRIES
Kontron GmbH & Co. KG Analoglc Limited Landseas (Israel) Ltd. Koning en Hartman Hispano Electronica,s.a.  Kontron Electronic Lid. Tettex AG.
Ameisgasse 49 68 High Street 38 King George St. PO. Box 8220 Poligono Industrial Urtinsa  Bernerstrasse-SUD 169 Rotbuchstrasse 45
1140 Vienna Weybridge, Surrey KT138BN  PO. Box 23011 The Hague 2040 Alcorcon Madrid 8048 Zurich 8042 Zurich, Switzerland
Tel: (222) 94 56 46 Tel: (44) 32.41251/41215 Tel Aviv Tel: 070678380 Tel: 6194108 Tel: 01-62-82-82 Tel: 01-26-46-80
BELGIUM X FINLAND Tel: 247291-4 NORWAY SWEDEN TURKEY JAPAN
Betea Automation into Oy GERMANY (WEST) AS Kjelt Bakke Johan Lagercrantz KB Enelsan Endustriyel Elektronik  Yamada Corporation
Avenue Geo Bernier 15 PO. Box 222 Kontron Elektronik GmbH Tekniske Agenturer Kanawagen 5 Sanayii AS. Yamada Bidg. No. 9-1
1050 Brussels SF-00661 Helsinki 66 8051 Eching/Munich Box 143 Box 48 Ayazaga, Masiak Ucyol Mevkii ZC
Tek (02) 649-9900 Tel: 90-742133 Industriegebiet 1 2011 Stroemmen $194 No. 110 4 Levent Shinbashi Minato-ku
DENMARK FRANCE Tel: 49-8165-771 Tel: (47) 2711872 Upplands Vasby Istanbul Tokyo
Tage Olsen A'S Kontron Electronique ITALY 715-350 Tel: 0760-861 20 Tel: 643438 Tel 03591-7211
Tegivaerksgade 37 BP99 Elcams.r.l.
2100 Copenhagen 0 6, Rue Des Freres Caudron Via Bazzini 14
Tel: (01)2948 00 78140 Velizy Villacoublay 20131 Milano

Tel: 946 97 22 Tel: (02) 2365 255
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Significant developments in technology and business

Gate arrays

taking over in

logic using ECL

Fairchild and Motorola are
applying LS| arrays

to extend their families of
SSl and MSI standard logic

Emitter-coupled logic, though the
fastest semiconductor technology
around, has fallen behind other logic
forms in the general move to large-
scale integration. Designers who
needed ECL’s all-out speed together
with maximum flexibility were
forced to choose medium-scale logic
families or even discrete parts.

Changing this picture is the intro-
duction of ECL gate arrays—uncom-
mitted sets of LsI functions tailored
by the final metalization to particu-
lar applications. Two suppliers of
ECL logic are taking this new tack:
Fairchild Camera and Instrument
Corp., with a 250-function stan-
dardized array of gates compatible
with its three-year-old F100K fami-
ly, and Motorola Semiconductor,
supplying an approximately 700-
function ECL gate array compatible
with its 10K family. Motorola also
supplies the industry’s only ECL
microcomputer —a 4-bit-slice family
of LslI parts called the 10800.

Two features. The new gate
arrays, also called uncommitted
logic arrays, combine two usually
contradictory features: volume pro-
duction for low cost, and the custom
flexibility of accommodating many
different functions that discrete and
medium-scale logic provide. In conse-
quence, the computer manufac-
turer may replace 10 to 15 discrete
components with one LSl part in such
applications as error correction, ac-
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cumulators, memory interface logic,
and other random logic.

Fairchild teamed with Control
Data Corp. in developing its new
logic. The first arrays are going into
cbC’s upcoming Star 100A high-
performance scientific computer.
But the two companies will also offer
the arrays commercially. A customer
would lay out the array of gate func-
tions using a software design pack-
age contained in cDC’s Cybernet
time-shared network, according to
Anthony Vacca, manager of circuits,
memories, and packaging for CDC’s
Advanced Research Laboratories in
Minneapolis. Tape would be gener-
ated, which Fairchild would use to
make the final masks.

The two companies believe they
have solved the problems inherent in
a gate-array approach—the relative
inefficiency of circuit design with a

fixed gate structure, and the rela-
tively large chip size thanks to the
large ECL structures. Fairchild’s Iso-
planar 2 process, in which oxide
isolation defines the edges of tran-
sistor bases and emitters, creates a
fairly dense chip. (It measures 130
by 173 mils.) And unlike other soft-
ware design aids developed on mini-
computers, CDC designed its software
package on the giant 7600 super-
computer, according to Vacca. Con-
sequently, typically more than 90%
of the gates—there are 168 per
chip—can be used in a custom-
designed array, many more than
with other design tools, he says.

The gate array has another impor-
tant advantage, according to Thom-
as A. Longo, vice president and chief
technical officer at Fairchild’s
Mountain View, Calif., headquar-
ters: a quick turnaround time from

Semiconductor makers aim at gate arrays

Computer mainframe designers have their eyes on gate arrays, high-speed
large-scale integrated parts that provide a semicustom solution to the
problems of using high-speed logic. Though fast, discrete parts and small-
and medium-scale logic parts can bog down a system with interconnect,
dissipation, and speed problems. But computers employ so many different
logic functions that it is generally not economical to go with LSI.

The gate array approach lets a chip maker crank out in volume an LSl chip
of unconnected cells or gates arranged in a standard pattern that can be
customized into particular functions with the interconnecting metalization.
Gate arrays lower component count, maintain speed, and increase reliability.
The trick is to design the basic cell or gate pattern so that the maximum
number are available for the various logic functions.

Besides the Fairchild-Control Data announcement, Fujitsu and Motorola
supply proprietary emitter-coupled-logic gate arrays of up to 100 gates on a
chip that come in more than 100 logic combinations. Siemens in West
Germany has announced a 144-gate ECL array. And in the United Kingdom,
Plessey has introduced a 144-gate array, Ferranti has one in its unique
collector-diffusion isolation process, and ICL, the computer house, has
announced a 400-gate ECL array that will be made by Motorola, Philips, and
Plessey Semiconductors [ Electronics, March 16, p. 63].
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design to part of two to three
months. Further, the gate array
saves board space and reduces the
number of interconnections by a
factor of three or four, he continues.

In addition, although ECL is noted
for high power dissipation, Vacca
says that “on a per-gate basis you
don’t pay a price for the Ls1.” Ten to
15 equivalent F100K parts would
dissipate between 500 and 700 milli-
watts each, compared with 4 watts
or less for a gate array, he says. He
estimates that each Star computer
will use about 2,500 gate arrays in
14 logic functions.

Specs. The price could be about
$10 in hundred-and-up quantities,
says Fairchild. Specifications in-
clude gate propagation delays of 750
nanoseconds typically, flip-flops with

toggle frequencies in excess of 500
megahertz, and speeds of more than
5 gigahertz.

Motorola’s ECL gate arrays will be
supplied on a 200-by-200 mil chip
that offers a designer the equivalent
of 650 to 700 10K compatible gates.
Typical internal delays of 1.0 ns with
typical output speeds of 1.5 ns make
the chips fast enough for most
current ECL applications.

The chip, samples of which will be
available by the end of the year, is
organized in 48 multigate cells
which can be configured in series-
gated structures. There are 30
output buffers and 32 extra input
logic buffer gates for interfacing the
chip with a wide variety of functions.
The chip dissipates 3.75 w at 5.2 v in
a standard package. O

Fiber optics

Air Force develops its own interfaces
to lower cost of switching to light beams

Aiming ultimately to substitute op-
tical data links for the myriad hard-
wire interconnections within its air-
craft, the Air Force has decided to
develop its own interfaces to connect
light emitters and receivers with
logic circuitry. It is doing so for a
reason not usually associated with
Government procurement: it believes
it can get a lower price by designing
the interfaces to its own specifica-
tions.

“The hybrid techniques used to
date [by industrial companies] have
resulted in modules too big and too
expensive for even the Government,”
says Gary D. Gaugler, project engi-
neer at the Air Force Avionics Labo-
ratory’s Microelectronics branch at
Wright-Patterson Air Force Base,
Dayton, Ohio. “So we decided to
apply a little [bipolar] LsI muscle.”

The result will be devices that,
Gaugler hopes, will also be of
interest to a broad industrial base.
“We think the modules will eventu-
ally sell for $25 each in reasonable
procurement quantities of 500 to
1,000 units,” he says, noting that
commercially available hybrid and
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discrete modules of comparable per-
formance from a variety of vendors
are tagged at $500 to $1,500 [Elec-
tronics, Feb. 16, p. 154].

So far the Air Force has received
two kinds of chips. One is a con-
stant-current light-emitting-diode
driver, while the other is a receiver
chip that amplifies the signal from a
photodiode detector and provides a
digital output. They were developed
under a $139,000 contract by a team
of engineers from Honeywell Inc.’s
Solid State Electronics Center, Ply-
mouth, Minn., and Spectronics Inc.,
Richardson, Texas.

Modules coming. The next step is
to build the chips into pluggable
transmitter and receiver modules.
The modules will house one of the
two large-scale integrated circuits
plus, for the transmitter, an LED,
several small bypass capacitors, and
a connector for joining the LED to a
fiber-optic cable. A receiver will
contain its IC plus a photodiode
detector and automatic gain control,
coupling, and bypass capacitors.
Each module will fit in a package 0.5
inch square and 2 inches long.

Bids on contracts to fabricate the
modules are due in April. But the
chips themselves will be available
earlier. Fabricated by Honeywell but
marketed by Spectronics, a noted
supplier of optoelectronics compo-
nentry, they will be offered in
sample quantities next month for
approximately $100 each. The price
for production quantities could fall
to $10 within a year, Gaugler esti-
mates. Honeywell, however, has
more than just an interest in selling
chips: it can use them in its own
industrial control and computer
systems.

Gaugler believes the chips will be
the first high-performance, mono-
lithic transmitter and receiver inter-
faces available off the shelf. “They
were designed general-purpose
enough to fit into a myriad of mili-
tary and industrial systems,” he
says. Used together in a Manches-
ter-coded, point-to-point system,
they are guaranteed to operate up to
10 megabits per second, “although
they can easily run about 15 Mb/s,
and up to 20 Mb/s in some systems,”
Gaugler adds. Inputs and outputs
are compatible with transistor-tran-
sistor-logic levels, and the devices
can be powered by a single S-volt
supply, £10%. They are qualified
for the full —55°C to +125°C mili-
tary temperature range.

Pin possibilities. The circuits sport
a lot of extras, as well. Three pins on
the transmitter chip’s 14-pin ceramic
package can be used to program the
LED drive current anywhere from 25
milliamperes to 125 ma. Currents
outside these limits may be set with
an external resistor to tailor the
device to different LEDs and cable
lengths. All circuitry is compensated
on chip for temperature and voltage
changes, and the transmitter in-
cludes a prebiasing circuit that keeps
the LED biased at about 15 microam-
peres, ensuring a fast and linear LED
rise when the drive pulse comes.

The receiver contains a low-noise
preamplifier with automatic gain
control, a post amplifier with two
limiting stages, and a comparator
stage that drives a Schottky-clamped
digital output. All this fits on a chip
that is roughly 80 mils square. The
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chip also contains its own regulated
power supplies and will handle input
photocurrents ranging from 125 to
500 nanoamperes; a minimum of
250 nA will produce a worst-case bit
error rate of 10-%. g

Electronic wartare

Signal detector uses
an optical memory

Grumman Aerospace Corp. is turn-
ing to optical techniques for a crit-
ical electronic-warfare chore:
identifying the sources of the myriad
electronic signals confronting air-
craft in a battle zone. It hopes to do
the identification automatically by
comparing the signals hitting the
aircraft with electronic signatures
stored in a holographic memory.

Lab system. A laboratory system
of what it calls an Emitter Rec-
ognizer, put together with Grum-
man’s own funds, has been built at
the company’s facilities in Bethpage,
N. Y. Another system has been built
in a van, and Grumman plans to
demonstrate it this summer in an
effort to attract funding from the
military.

The firm’s approach, in which
radio-frequency signals are con-
verted to optical ones to be analyzed
quickly in real time, follows along
the path being taken by other
researchers in the field [Electronics,
Dec. 22, p. 29). Moreover, the Air
Force Avionics Laboratory at

Wright-Patterson Air Force Base,
Dayton, Ohio, is about to award a
contract for a new type of optical
analyzer for identifying rf signals in
an electronic-warfare environment.

Bragg cell. The Grumman system
operates with the rf signals acquired
by a conventional aircraft receiver,
according to Robert Brandstetter,
project engineer in the Optics and
Displays Equipment Design group.
Fed to a power amplifier, the signals
are used to drive an ultrasonic light
modulator —a Bragg-cell piezoelec-
tric transducer—which converts the
rf signal to an acoustic wave that
modulates a laser beam.

So far in the system, the signals
have been handled in a fairly
common manner—Bragg cells are
typically used to modulate a laser
beam. However, the beam then
travels through a lens that produces
a Fourier transform of the light
signals. Thus, the system now has a
spatial distribution of the incoming
signals, with frequency and ampli-
tude represented by position and
intensity.

The result is a light beam “whose
spatial frequency is a function of the
incoming rf frequencies,” Brandstet-
ter says.

In the prototype, the transform
lens is a holographic matrix that
replicates the transform by the
number of lens elements it contains.
The matrix, used because the dimen-
sions of the elements can be easily
controlled, yields many identical
signal readouts for comparison with
signatures of known emitters stored

in an optical holographic memory.

This memory, made of a trans-
parent photosensitive polymer from
Du Pont, holds as many as 500 sepa-
rate signatures in individual holo-
grams, according to Brandstetter.
The holograms contain patterns of
interference lines previously pro-
duced by modulating the index of
refraction of the material with the
frequencies common to each of the
emitters the military will be con-
cerned about. Each signature—in
effect, a filter —passes only the set of
incoming frequencies characteristic
of a particular emitting source.
Behind each signature hologram are
arrays of photodetectors positioned
to align with each spectral element.

Match sensors. When the incom-
ing signals contain the discrete
frequencies common to a signature
in the memory, the match is picked
up by the photodetectors: elements
like photodiodes or charge-coupled
devices. The outputs of these then go
to processing electronics that identi-
fies the source of the signals.

The system can also be pro-
grammed to respond automatically
to foreseeable threats. “We can send
out jamming signals and threat
warnings,” says Brandstetter, “or we
can automatically take evasive ac-
tions.”

Any unknown signal received can
be used to update the filter bank. If
there is no correlation between an
incoming set of signals and a stored
signature, the system triggers a
proprietary optical device, called an
Integrated Cube, to add a reference
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Analyzer. Emitter Recognizer from Grumman Aerospace compares Fourier transforms of radio-frequency signals that have been converted to
light with signatures of emitters stored in a holographic memory. Matches can be read out and processed automatically.
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Companies

Signetics eyes
$200 million level

When Philips took over control of
Signetics Corp. from Corning Glass
Works in the spring of 1975, the
semiconductor maker’s sales had
reportedly fallen to about $100
million. Clearly the company was in
trouble. The bottom had fallen out
of its 54/74 bipolar standard logic
market—the company’s bread-and-
butter product line—and its pro-
prietory non-industry-standard 2650
microprocessor had not made much
headway against the 8080 and 6800
microcomputer families.

To make matters even worse,
Signetics had not‘ penetrated the
potentially huge market in 4,096-bit
dynamic random-access memories.
Indeed, its best showing was in the
much smaller cache and bipolar
buffer memories, a market domi-
nated by Fairchild Semiconductor.

Three years later, the picture has
changed dramatically. Under the
sympathetic eye of the giant Philips
Gloeilampenfabrieken of the Neth-
erlands and with major capital
infusion for new technology that is
beginning to pay off, Signetics ended
1977 with over $170 million in sales,
or 35% over 1976. And Jack Halter,
executive vice president and director
of marketing, looks for the company
to reach the $200 million level by the
end of this year.

“Qur relationship with Philips has
been extremely rewarding,” Halter
says. “Having a supportive parent
who understands both the technolo-
gy and the market is gratifying. We
have been able to position ourselves
in new technology and product
development to participate in the
major growth of the semiconductor
industry over the next few years.”

Mos the key. To do this, the
Sunnyvale, Calif., company, which
has highly regarded bipolar lines in
memory, standard logic, and other
large-scale integrated circuits, must
of course turn it around in metal
oxide semiconductors. “We recog-
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Industrial applications of microcomputers lag

Although microcomputer chips and boards are available in great quantity
throughout the industrial electronics field, it has apparently taken longer than
expected to develop high-volume applications for them. This is the report
from last week’s 4th Annual Conference and Exhibit on Industrial Applica-
tions of Microprocessors held in Philadelphia. Three reasons are cited for the
delay: programming difficulties, a confusing plethora of microprocessor
parts, and fear of the difficulty and expense of testing.

“Industrial oems often enter the microcomputer market at the chip level,”
says Alan Swarlz, a sales representative for Digital Equipment Corp.,
Maynard, Mass., supplier of the LS!-11 board microcomputer. “They go out
and buy a development system and find that programming is much more
difficult than they were first led to believe.”

Original-equipment manutfacturers of such things as process, numerical,
and white-goods controllers all contribute to the market's delayed
takeoff, notes Walt Luciw, an advanced-circuits design engineer at Sperry
Univac, Blue Bell, Pa. He applies microprocessors to Sperry products and
finds himself in a continuing design dialogue with other oems. *‘Everybody’s
waiting for the Nirvana of a chip that's going to solve all their problems. The
result is many months’ slippage before getting into high-voiume production.”

Moreover, heretofore unexposed to microcomputers and automatic test
systems, industrial oems “are scared by what they hear about micropro-
cessor reliability and test-system costs,” says Robert P. Szpila, marketing
manager for test systems at GenRad Corp. Concord, Mass. “It's an educa-
tional problem. Industry looks at the expense of a large-scale system for
testing microprocessors and says it's too costly. They don't realize it's
important to spend a few extra dollars to provide diagnostic testing in a high-

and don’'t want to do it any other way.” What's more, he continues, some
“industrial manufacturers don't really understand what they are testing nor

how to develop test programs.”

volume environment. They are used to having technicians test their boards l
) |

nize,” says Halter, “that a major
portion of growth will be in MOsS—
memory, microprocessors, and dedi-
cated Lsi—and we’re well into a
massive program to develop the
products needed for this market.”

Memory program. To back this up
Halter has revealed a memory devel-
opment program for the next two
years that is unsurpassed by any in
the industry. On the list are 64-K
dynamic random-access memories,
32-k and 64-K erasable program-
mable read-only memories, 128-K
and 256-K ROMs, 8-K and 16-K static
RAMs, and 8- and 16-K electrically
alterable metal-nitride-oxide-semi-
conductor ROMSs.

In the near term are the industry-
standard 2114-type 4-K statics, the
4116-type 16-k dynamics, 32- and
64-K ROMs, and 16- and 32-K eras-
able PROMs, many already in the
sampling stage.

In computer and related products,
Signetics is now supplying, in addi-
tion to its own 2650-based central

processor unit and peripheral parts,
the 8080 family, including central
processing units and 8080 peripher-
als, as well as one-chip microproces-
sors such as the 8048 parts. O

Industrial

| aser radar tunes
in air pollutants

Pollution is just about everywhere,
but for organizations trying to do
something about it, the hard part is
finding out exactly how much there
is. Enter Stanford University, which
has developed a new kind of laser
radar that accurately measures aver-
age air pollution over a distance of
eight miles or pinpoints the location
of a cloud or source of pollution up
to two miles away.

The development is attracting the
interest of the Environmental Pro-
tection Administration, as well as
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industrial groups such as the electric
utility industry, according to physics
professor Robert L. Byer, who heads
the project at Stanford, which is
located in Palo Alto, Calif. The EPA
would be able to check pollution
coming out of tall smokestacks with
equipment on the ground, and that
includes keeping tabs on clandestine
polluters who might be discharging
wastes at night. Among the pollu-
tants that can be detected are sulfur
dioxide, freon, carbon dioxide, ethyl-
ene, carbon monoxide, and water
vapor.

Compared with other laser tech-
niques, such as ultraviolet tunable
dye lasers or low-power diode lasers
that need a fixed retroreflector, the
Stanford system has several advan-
tages, Byer says. It operates in the
infrared, where it can detect most of
the air pollutants, and it is also safe
for eyes. It needs no fixed retrore-
flector and can operate in daylight.
Also, the laser radar is much easier
to use than wet-chemistry methods,
which rely on air samples.

Problems. To get the system’s
performance, Stanford turned to on-
campus expertise in crystal growing,
nonlinear optics, and laser sources to
solve two major problems, Byer says.
It designed a new kind of neody-
mium-doped yttrium-aluminum-gar-
net laser with an unstable resonator
to achieve a higher output power of
70 millijoules, 1,000 times better
than earlier infrared lasers, he says.
To tune it in the infrared range, the
designers improved the crystal for
better line-width control.

The system operates by firing the
laser light at the pollutant molecules
and then measuring the absorption
in the path along which the light
travels as it is reflected back to a
16-inch telescope at the laser. Each
pollutant absorbs coherent light at a
different frequency within the
1.4-to-4-micrometer range of the
infrared laser, and the laser is tuned
sequentially to each of the absorp-
tion frequencies characteristic of the
expected pollutants.

PDP-11 analysis. From the light
reflected back to the telescope, the
system, built around a PDP-11 mini-
computer, analyzes which frequen-
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Japan’s electron-beam effort challenges U. S.

Japan's efforts to pull ahead of the United States in electron-beam exposure
technology for fabricating masks for very-large-scale integrated circuits are
revealed in two new units: a raster-scan unit built for the LSI Cooperative
Laboratory by Tokyo Shibaura Electric Co. (Toshiba) and a vector-scan unit
developed by the Musashino Electrical Communication Laboratory of the
Nippon Telegraph and Telephone Public Corp. and Hitachi Ltd. Both of these
machines can fabricate masks with smaller fine dimensions at speeds
comparable to those commercially available units built in the U.S. The
raster-scan unit can expose patterns with minimum line width of 1 microm-
eter on a 100-by-100-mm area in 180 minutes. The vector unit can expose 1-
micrometer lines on a 50-by-50-mm area in about 40 minutes.

The Cooperative Laboratory’s unit is an improved version of a system
developed earlier by Toshiba. Changes include a much higher-intensity
electron source for faster writing speed, a laser-interferometer—controlled
writing table with increased mobility and higher precision, and a larger
computer control unit containing a 160-megabyte magnetic-disk pack.

When operating with a 0.25-um-diameter spot, the electron beam can
write over an area of 0.27 square centimeter with a peak beam current of
about 200 nanoamperes. Use of a lanthanum boride cathode allows for
several times the current density of the tungsten hairpin emitters used in
commercial systems from the Bell-licensed ETEC Corp. and Extrion division
of Varian Inc. Still, cathode life is said to be a long 2,500 hours.

Because of the high beam density of the new system, it is feasible to use a
positive resist of polymethylmethacrylate (PMMA), which is better than other
resists even though it suffers from low sensitivity. As an overall display of
system performance, the Cooperative Laboratory showed a pattern on a
silicon wafer for a 16-bit microprocessor with 10,000 elements that it shrunk
from a 5.6-by-5.6-mm area to fit on a chip measuring 1 by 1 mm. The
minimum line width on the mask is 1 um. However, no one is saying the chip
will operate, merely that photolithography is feasible.

The NTT/Hitachi vector-scan system can handle individual areas of 2 by 2
mm, with the table moving between adjacent scan areas. It is theoretically
more efficient than raster-scan units, because only areas requiring exposure
need be processed rather than the entire mask. But the larger scan area
requires a lens with greater focal length and smaller apertures. Nevertheless,
the greater efficiency of vector scan and its ability to vary the scan speeds
between 0.001 and 1 meter per second bring the unit writing speed up to a
level comparable with that of a raster-scan unit for average patterns. Toshiba
says it will start selling its raster-scan system €arly next year. Hitachi is not
saying when it will. .

cies are absorbed, gauged against a
nonabsorbed reference frequency.
For sulphur dioxide, for example,
concentrations can be determined to
1 part in 1 million over a 1-kilometer
path; for methane, 1 part per billion
over a 100-meter path.

Topographic reflections. Instead
of special reflectors, the system
relies on reflections from “topogra-
phic targets like grass, hillsides,
buildings, or aerosols suspended in
the atmosphere,” explains Max Gar-
buny, a consultant at Westinghouse
Electric Co.’s Research and Devel-
opment Center, Pittsburgh. He as-
serts that Westinghouse made the
first experiments on this “differen-

tial absorption spectroscopy” using
an infrared tunable laser in 1973.
Westinghouse has worked closely
with Stanford, he points out, and is
in putting together a similar laser
system for the National Aeronautics
and Space Administration’s Langley
Research Center.

Stanford’s system is tuned by
rotating lithium-niobate crystals in
front of the neodymium-doped YAG
1.06-um pump source. The reflected
light is received by a liquid-nitrogen-
cooled standard IR photodetector at
the telescope. After preamplifica-
tion, the signals are fed to a
Computer Laboratories Inc. 12-bit,
5-megahertz analog-to-digital con-
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For high-density

128KILOBYTES
PLUS PARITY

s e e

Motorola’s MMS$1117 Memory System.

Now it's easy and inexpensive to add
in high-density, high-speed PDP-11
compatible memory with parity fea-
tures. Motorola’s MMS1117 memory
system provides total electrical and
mechanical compatibility with 10
different UNIBUS* PDP-11 processors;
the new 11/60, plus 11/04, 11/05,
11/10, 11/34, 11/35, 11/40, 11/45,
11/50, and 11/55. Just plug it into
any new “Hex SPC" slot.

MOTOROLA SEMICONDUCTOR
MEMORY SYSTEMS
System Organization Description
MMS1110 16K x 16
MMS1110-1 12KX 16 aqqiinforLS11
MMS1110-2 8K x 16 systems
MMS1110-3 4K x 16
Add-in for PDP-11/05,
11/10, 11/35,
MMS 1116 16K x 16 11/40 and 11/45
systems
MMS1118 16K x 18
MMS1118-1 12K x 18 Add-in for PDP-11/04,
MMS1118-2 8K x 18 ULSHEYSIEmS
MMS3400 32K x 18 For 3400N systems
or 64K x 9
MMS68102 16K x 8 Battery backup for
MMS68102-1 8K x8 2’,'?,%?3 ::guglher
MMSE8102A L2580 systems: pin com-
MMSE8102A-1 8K x9 patible with EXOR-
cisert micromodule
MMS68103 16K x 8 Hidden refresh for
MMS68103-1 8K x 8 M6800-based
MMSE8103A 16K x 9 systems.
MMS68103A-1 8K x9
MMS68104 16K x 8 For MEK6800D2 Kit
For 8080A-based
MMS80810 32K x 8 Systems. pin-
MMS80810-1 16K x 8 compatible with
SBC 80/10
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parity...

“universal” PDP-11*
storage, with

u

A fully populated MMS1117 is a
whopping 128 kilobytes, and options
include systems of 96, 64, and 32
kilobytes, priced appropriately lower.
Parity options are on-board parity
plus controller, parity data only, or
no parity. All are available for each
of the three system speed options.

128 Kilobyte MMs1117
Read Access Time Price
Typical 1—5
370ns $4,305
420ns $3,920
470ns $3,530

The MMS1117 interfaces to all 18
bus address lines. Starting address
can be selected, via switches, to fall
on any 4K word boundary between
0 and 124K. The MMS1117 imposes
one UNIBUS load regardless
of memory size or parity option.
Despite the density and speed of
the MMS1117, power requirements
are low. A fully populated 128
kilobyte system with parity and
controller operates at the following
rates:5 V5% @ 3.0 A (typ),+15V @
0.2 A standby and 0.7 A continuous
maximum access, -15V @ 0.03 A.

I TO: Motorola

Semiconductor
Products, Inc.

P.O. Box 20912
Phoenix, AZ 85036

0O have an immediate requirement
Please contact me as soon as possible

NAME

FIRM

ADDRESS
CITY/STATE/ZIP

1n_nn_ﬁ_nn.
AN n

Motorola’s line of standard
memory systems is heavily
augmented with custom projects.
We take great pride in the fact that
you get really fast delivery and
leadership pricing on both standards
and custom systems.

The fastest way to get information
on Motorola memory systems is direct
contact with your Motorola sales
office, or we'll respond promptly to
qualified inquiries on the coupon
below. For a copy of the MMS1117
data sheet, write to Motorola
Semiconductor Products Inc.,

P.O. Box 20912, Phoenix, AZ 85036.

MOTOROLA

Semiconductor Group

*Trademark of Digital Equipment Corporation
tTrademark of Motorola inc

Motorola Memory
Systems

MMS

My application is

TITLE

DEPT

PHONE

Circle 45 on reader service card
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The SBA
Programmable

Simple direct programming with

logic statements, and a low price tag are

leading features of GI's new SBA. Sequences are written
using familiar Boolean logic equations as a‘‘programming
language.” Now you can program timing and control
functions in a range of products.

The single-chip, one-bit SBA microcomputer has 30
TTL compatible pins that can be assigned as inputs, out-
puts, or multiplexed input/outputs. And a 1023-word mem-
ory stores your program. A logic unit teamed with a 16-
element stack interacts with a 120-element read/write
memory to produce programmed outputs a term at a time.

A cost-effective alternative to 4-bit and 8-bit micro-
processors, the SBA performs decision -oriented tasks
efficiently at millisecond speeds.

GENERAL
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GI's low-cost
random logic
replacement

As for applications, consider using the SBA in
process timers and monitors, machine controliers, security
or telecommunication systems. The SBA will do wonders
for electronic games and household appliances. What's
more, you can put the SBA to work converting and pro-
cessing routine data in microprocessor-based systems.

This versatile NMOS processor in a 40-pin DIP requires
only +5 and +12 volt supplies and an RC network for its
internal clock. You can depend on Gl Microelectronics to
give you a hand with simulator and software program aids
to get you started. Write or call today, General Instrument
Microelectronics Ltd.,Regency House,1-4 Warwick Street,
London W1R 5WB, England, Telephone: 01-439-1891.

We help you compete.

INSTRUMENT CORPORATION

MICROELECTRONICS




Congress moves to
restore strategic
R&D funds to Navy ...

. . . but tactical sea
control, ASW
top Navy priorities

Postal Service
denled monopoly
on electronic mall

NRL develops
device fallure
detection method
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Washington newsletter

Navy research and development for strategic and tactical programs—
already budgeted to rise 11.6% to $4.49 billion in fiscal 1979 and another
6% to $4.76 billion the next year—may show an even bigger jump now
that the House and Senate Armed Services Committees have proposed
additions to strategic program funds. Money for such efforts, including the
new, larger Trident missile-launching submarine, had been budgeted by
President Carter for a 21% cut to $682 million in the coming fiscal year, to
be followed by a further 17% reduction to $563 million in fiscal 1980.
Even if those cuts are more than restored, though, tactical programs are as
usual expected to account for more than half the Navy rR&D outlays: they
are to climb more than 21% to $2.49 billion next fiscal year before
stabilizing in fiscal 1980 with an inflation-offsetting increase of 8% at
$2.69 billion.

Tactical sea control programs with a high electronics content continue to
be the largest item on the Navy’s budget for tactical R&D. Spending for
that area is scheduled for an increase of one third to $1.4 billion in fiscal
1979 followed by a 22% jump to $1.75 billion a year later. Land warfare,
communications, and combat integration are also scheduled for significant
increases, while aircraft R&D is the only category scheduled to decline,
dropping 4% to $785 million next year and a further 17% to $647 million
in fiscal 1980. Reflecting Navy concern with Russia’s expanding
submarine fleet, antisubmarine warfare R&D outlays will nearly double to
$396 million over the next two years, including a 61% hike to $333 in
fiscal 1979 from present levels.

The U.S. Postal Service won’t have a monopoly on electronic mail systems
development with mandated annual R&D spending of 2% of postal
revenues—an estimated $200 million in 1980. That’s the effect of changes
in legislation after complaints from congressional and industry leaders that
it threatened continued competitive development of the technology.

The Computer and Communications Industry Association and other
opponents of the measure had two fears: that the Postal Service would
lock itself in with a major contractor like AT&T or IBM in order to meet
the massive increase in R&D spending it could not handle in house, and that
‘“private express” laws limiting the mails to the Postal Service would make
electronic mail a part of that monopoly.

A four-man Naval Research Laboratory team headed by George A. Haas
has developed a technique to examine semiconductor failure and imperfec-
tion mechanisms. Named LEER (low-energy electron reflections), the
technique relates bulk and surface electronic properties in electronic-device
materials.

Haas says that by using an incident electron beam of 10 v or less, his
team achieved the first simultaneous but separate measurements of the
two components of a semiconductor’s work function—the energy differ-
ence between the Fermi level inside and the vacuum level outside. The two
components are the position of the conduction band with respect to the
Fermi level, a bulk property, and the electron affinity, a surface property,
Haas explains.
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Japan moves ahead in TV broadcast satellites

The United States has few peers when it comes
to technological innovation. Yet it is often slow
to follow its development of new techniques with
real-world applications leading to the creation
of major new markets. Direct-broadcast sat-
ellites are perhaps the most recent example.
These systems relay high-quality, high-power
television signals to small, low-cost ground
receivers in remote areas. They got their start
with the 1974 launching of Applications Tech-
nology Satellite 6 by the National Aeronautics
and Space Administration. Two years later,
NASA orbited the joint U. S.-Canada Communi-
cations Technology Satellite, at present used
mainly by the Canadians to bring TV to its
provinces in the west and far north. Now Japan
has picked up on the ATS-6 and cTS technolo-
gies for a new satellite called BSE (for medium-
scale broadcasting satellite for experimental
purposes) and is ready to begin direct broad-
casting from it of two color TV signals to homes
on its remote islands and Okinawa. Just
launched by NAsA for Japan’s space agency, the
BSE was. built by General Electric Co. under
contract to Tokyo Shibaura Electric Co. Japan
estimates it can turn out the necessary home
antennas with diameters as small as 1 to 1.6
meters (3.3 to 5.2 feet) for as little as $200.

America’s slow progress

Commercial use of direct-broadcast satellites
in the U.S., meanwhile, is not scheduled to
begin before the 1980 launching of Satellite
Business Systems Inc.’s first system [Electronics,
Oct. 13, 1977, p. 32]. Designed and built by
Hughes Aircraft Co., it will use the same 12-to-
14-gigahertz frequencies as Japan’s BSE and is
intended for business and Government users.
Unattended ground stations on a customer’s
premises will have both transmitting and
receiving capabilities and cost an estimated
$474,000. The system, developed by sBs, a joint
venture of Aetna Life & Casualty Co., Comsat
General Corp., and 1BM Corp., is clearly a far
more sophisticated system than Japan’s receive-
only BSE package. The closest American equiva-
lent to Japan’s system is the Corporation for
Public Broadcasting’s use of transponders on
Western Union’s Westar [ satellite, which
earlier this month started distributing Tv signals
to 24 public television stations in the south-
eastern U. S. using large receive-only terminals
at the various station sites.

In contrast, Japan, on completion of its BSE
experiments, will have the technology in hand to
develop and sell low-cost TV ground terminals to
developing markets throughout the world, and

that is a matter of concern to long-range plan-
ners in U. S. agencies involved with technology
and trade. “There are enormous untapped
markets for television in just about every
country in Africa and Latin America,” notes
one Government trade specialist. “Few of these
countries have land-line telephone systems that
can be used for TV transmission. Satellites are a
natural for them. Anyone who can sell them a
satellite system with inexpensive ground anten-
nas will not only make money with its initial
system but will realize an even greater potential
by creating a market for Tv sets where there was
none before.” Admittedly, these new markets
are still some years away from realization.
Nevertheless, the potential is there, and, as the
same market planner observes, “with the U. S.
and Europe putting the squeeze on TV exports
by Japan, it must find new markets if it is going
to effectively maintain its production capability
in the home islands.”

Problems of motivation

The close cooperation of Japan’s government
and industry is being cited once more as one
reason why Japan is taking the lead in devel-
oping direct-broadcast systems for Tv. Japan’s
geography, with its remote islands, is another.
“We don’t have that kind of problem in Ameri-
ca,” explains one broadcast network specialist in
Washington, “so the commercial market has
never developed. Most everyone uses telephone
lines for Tv signal transmission.” While there
are legislators in large, sparsely populated states
like Arizona and Wyoming who dispute the
adequacy of land lines for TV signal transmis-
sion, they have not altered the status quo in the
U.S. Tv transmission market. Lacking any
strong public demand for change, the slow-
moving Federal Communications Commis-
sion—an agency not concerned with developing
overseas markets—has had no reason to even
consider direct-broadcast satellites for commer-
cial television.

Thus Japan now has the edge in developing
inexpensive antennas for receiving satellite TV
signals at home. The fact that the satellites
themselves originated in the U.S. is of less
importance; the market for them is minuscule
compared with the potential market for anten-
nas and TV receivers that will use them. If the
U.S. is to capitalize on its direct-broadcast
technology in new markets throughout the
world, it cannot continue to concentrate its
efforts only on costly, state-of-the-art systems
like those of sBs and ignore the potential of
simpler systems like Japan’s BSE. Ray Connolly
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Your products can't be any more
reliable than the devices that go into
them. That's why we are so innovative
in our designs and so meticulous in
our processing and testing.

It all starts with creative design. Every
Fujitsu IC is an original design that
provides the best possible perform-
ance and takes full advantage of our
time-tested proprietary processing
techniques. The result: industry
standard memories that typically out-
perform anything the competition

[
can offer.
Processing for reliability. Whether it's
the double-poly embedded field
oxidation process that we use for our
= : advanced, dynamic 4K, 16K, and now

64K RAMSs, or our patented doped
polysilicon (DOPQOS) process used for
the best performing ECL memories

in the world, you can be assured that
your devices go through the same
reliable process every time.

Aluminum Poly B ——

A reputation based on testing. Fujitsu

ICs are subjected to the most rigorous
testing, at every step of the production
process. As a result, we have earned
a reputation for shipping consistently

high qualitgdevices with predictable

[ in-socket performance characteristics.
iC users, who can't afford to
compromise their reputations, count
on ours.

Find out for yourself. Ask for our

Application Notes which describe our

original circuit design techniques and

| 1 L ; u
processes. Obtain our Reliability
Brochure which explains why quality
. and reliability at Fujitsu are more than
just words. Look through our seiector

guide and see the broadest memory

, line-up of any manufacturer. Finally,
get your copy of our data catalog and
review our specifications. See if your
products won't benefit from the
Fujitsu Edge.

Please send me the Fujitsu Product Selector Guide
Please send me the Fujitsu IC Catalog

Please send me the Fujitsu IC Reliability Brochure
Please send me the 4K dynamic RAM Ap. Note
Please send me the 8K EROM Ap. Note

Please send me the 16K dynamic RAM Ap. Note
Please call me about an immediate application

Organization

AMERICA, INC.

Address

City State 1208 A East Arques Avenue
Sunnyvale, CA 94086

Zip Telephone: ( ) (408) 739-3200
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RCA.NewsmakerinlLinear.

New BiMOS CA 3290. Low-cost
single-supply dual comparator.

BiMOS does it again—
creates new performance at
cost-effective prices. The new
RCA CA3290 dual comparator
LIC beats Bipolar on performance
and Bifet on prices.

Compare comparators.

When it comes to accuracy,
compare the high input impe-
dance/low current of BiMOS with
that of Bipolar: 50 picoamps input
vs. at least 25,000. This means
the CA3290 can be coupled directly to high-impedance sensors.

Check prices.

Then compare the prices of our new CA3290 voltage comparator in
any quantity you need. At a fraction of Bifet costs, the BiMOS comparator is
better at sensing small signals close to ground potential. Because its com-
mon mode input voltage includes ground.

And you have the added convenience and flexibility of two single-
supply comparators in one package with operation up to 44 volts.

Let us give you the details as well as information on how you can
make your own first-hand evaluation of the 3290.

Contact your local RCA Solid State distributor. Or contact RCA Solid
State headquarters in Somerville, NJ; Sunbury-on-Thames, Middlesex,
England; Quickborn 2085, W. Germany; Ste.-Anne-de-Bellevue, Quebec,
Canada; Sao Paulo, Brazil; Tokyo, Japan.

RCA Linear IC experience is working for you.

Circle 54 on reader service card




East Germans show
electron-beam
mask system ...

... and universal
single-barrel
repeater

Slemens to use
16-K RAMs
In mainframes

Britons develop
a rugged
single-mode cable

Itallans draft
space program
almed at TV
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The products shown at East Germany’s Leipzig Fair this month point to
the high level of sophistication attained by the Socialist Bloc in some
areas of IC production equipment. One is an electron-beam pattern
generator that its developers claim matches similar systems made in the
West. Built at the renowned East German optical-equipment maker VEB
Carl Zeiss of Jena and developed in cooperation with Soviet specialists, the
ZBA-10 system is said to produce resist masks with pattern structures
smaller than 1 pm and at a positioning accuracy of about 0.1 pm.

Also shown was another product of Carl Zeiss of Jena, a universal single-
barrel repeater for fabricating masks used in manufacturing integrated
circuits and large-scale ics. The X-Y table of the UER, the initial letters of
the German words for universal single-barrel repeater, is controlled by a
laser distance-measuring system that ensures an image-positioning
accuracy of better than 0.1 um. Designed for the laboratory and mass
production, the UER allows fabrication of masks used to transfer patterns
on wafers up to 4 in. in diameter.

Watch for Siemens AG to join the still-small league of firms marketing
computer mainframes that incorporate 16-K random-access memories.
The RaMs will turn up in the company’s 7.760 computer, a large universal
system that will start being delivered in May.

Meanwhile, the German firm’s electronic components group in Munich
is pushing the development of its 64-K RAMs. Siemens designers are
banking on V-channel mos technology, whereas most other semiconductor
producers are considering the double-polysilicon-gate techniques they use
in 16-K RAMs for their 64-k work. Siemens expects to have its first 64-K
v-MOs devices ready as samples toward the end of this year.

Researchers at Standard Telecommunications Laboratories in Britain have
moved closer to the development of long-haul fiber-optic telecommunica-
tions links slated for the 1980s by producing a single-mode fiber-optic
cable rugged enough to withstand normal cable-laying procedures. The
low-loss, step-index fiber used was demonstrated in the laboratory four to
five years ago, but its 4-um core diameter (outer diameter with cladding is
100 um) required the development of cabling techniques that would
prevent its optical properties from being changed by the pulling procedure.

The attenuation of the cable is 2.8 dB at 0.87 um, the wavelength of
current gallium-aluminum-arsenide heterojunction lasers. This permits an
information capacity of over 40 Gb/s. But the performance improves even
further to 1.7 dB/km at 1.1 um.

Although the “back again” Giulio Andreotti government in Italy still has
to work out how much money it can spend, it does know fairly well what it
wants to do in space over the next five years. Under a draft program that
has been approved by the ministries concerned, the strictly national effort
will go in heavily for telecommunications. The key project: a satellite for
direct broadcast of television programs to rooftop antennas, using the 20-
to-30-GHz band.

Despite a planned step-up in funds for the domestic effort, some 60% or
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Olivettl to show
word processor

Blg array processor
to be Installed
for UK research

Japan Victor’s
VCR selected
by Nordmende

Addenda

International newsletter

more of Italian space spending will be channeled to the international
programs run by the European Space Agency. Italian space officials
maintain they are not getting a fair return for their contributions to the
agency and hope to improve the balance by selling to Esa, for use in its
Meteosat program, the backup unit for the Sirio experimental communica-
tions satellite that was launched last summer from Cape Kennedy.

C. Olivetti, the Italian leader in data-processing and office equipment, has
moved a notch closer to an electronic typewriter. The company plans to
introduce at the mid-April Hanover Fair in West Germany a desktop word
processor that includes a typewriter keyboard, a light-emitting-diode
display for making corrections, a 30-character-per-second daisy-wheel
printer, a minidisk unit for recording letters, and 8,000 words of user
memory, all under control of an Intel 8080 microprocessor.

Olivetti expects to price the processor, designated the TES 401, at
between $5,000 to $6,000. The unit can stand alone or be linked to other
word processors for electronic mail.

Britain’s International Computers Ltd. is in the final stages of negotiation
with the UK’s computer board for universities for the delivery early next
year of a computer that can outperform today’s supercomputers in dealing
with major number-crunching tasks. The machine, a 64-by-64 array of
simple processing elements distributed throughout the memory module of
a 2900 system, is destined for Queen Mary College, London, where it will
be used to provide a service bureau to British universities and research
establishments. In addition, government agencies like the Science Research
Council and Social Science Research Council are expected to fund
software development aimed at establishing how best to exploit parallel
processing. ICL already has a prototype 32-by-32-element array working.

After thorough tests of a number of video cassette recorder systems,
Nordmende, a big entertainment electronics producer in West Germany,
has selected the Victor Co. of Japan’s Video Home System as the one it
will sell and may eventually produce. The reason: low tape costs and the
compact design of the drive mechanism. Nordmende, which recently
became an affiliate of France’s Thomson-Brandt, will go to market with
Victor-produced systems during the upcoming quarter. The two-hour
recorder will sell for below $1,460.

The specter of the nationalization of the French electronics industry has
disappeared with the victory of the ruling Right coalition in the French
legislative elections. The unexpectedly large majority for the Right in the
assembly may be the signal for the signing of Franco-American deals
destined to restructure the French integrated-circuit industry [ Electronics,
Feb. 16, p. 65]. . . . Thomson-csrF’s semiconductor division will have a 16-
K RAM in production by the end of the year, says the firm’s management.
The rRAM will be pin-for-pin-compatible with the Mostek 4115. But
Thomson’s plans could be changed if the French government decides that
another firm should concentrate on the 16-k RAM market when it finally
reveals its grand design for ic-industry restructuring.
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For XY and YT plots there’s now
the recorder ZSK 2 in five differ-
ent models so you can choose
exactly the right one for your
application, and at the right price.

Rohde & Schwarz
Posttach 80 14 69
D-8000 Miinchen 80
Fed. Rep. of Germany

Electronic Measurements and

Radio Communications. Development,
manufacture, sales and service.
Known for “electronic precision®.

Independent concern (establ. 1933),
represented in 80 countries.

New recorder family:
precision priced right

ZSK 2 works on the principle of a self-
balancing potentiometer. This gives
minimal non-linearity (0.1%) and guar-
antees good reproducibility (0.05%).
The high writing speed of >110cm/s
on both axes combined with fast
acceleration produces superior dy-
namic characteristics. Deflection fac-
tors calibrated between 10 uV/cm
and 11 V/cm, electronic limiting of the
writing area for DIN A3 and A4 plus
governable zero offset make operation
easier, whilst inputs for remote control
and ratio recording mean greater var-
iety of use.

The models differ in their inputs:
Universal model 02

Sensitivity 10 uV/cm; floating input

ROHDE&SCHWARZ

- "’mm.__—.%—

2002010409

amplifiers with guard; timebase gener-
ator. -

Standard model 04

Sensitivity 5 mV/cm,; differential ampli-
fiers for both inputs.

Lab model with timebase 06
Sensitivity 100 uV/cm; floating input
amplifiers; timebase generator; offset-
voltage source.

Lab model 08

Sensitivity 100 uV/cm; floating input
amplifiers.

System model 10

Sensitivity 100 mV/cm; direct inputs
Zi, 20 kQ2.

For more information quote
ZSK 2 recorder family

Circle 171 onreader service card .
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Sony unveils

CCD color camera

forhome TV

Developers seek to improve

sensitivity and push price
down into $1,000 region for
fall 1979 market debut

Engineers at Sony Corp. have devel-
oped a charge-coupled-device color
video camera for home use that
presents a dual challenge. First,
cameras built around vidicons are
just coming on the market, but once
they have set the market in motion,
this rival model could push them out
of the picture. Second, Sony believes
that its ccps will have wide applica-
tions in high-density memories, sig-
nal processing, and logic.

The camera is the first of its kind
for which a tentative introduction
date has been set—autumn 1979
[Electronics, March 16, p. 64]. Pre-
viously, Rca Corp. showed engi-
neering models of a color ccp
camera intended for the audiovisual
market at an audiovisual show in
Houston [Electronics, Jan. 19, p. 33].
The biggest tasks now faced by
Sony’s development team are to
improve its camera’s sensitivity so
that it matches that of vidicon
models, and to bring its price down
to the $1,000 level.

The camera uses three cCcD sen-
sors for the three primary colors.
Each has 226 picture elements hori-

zontally by 492 vertically, for a total

of 111,192. However, Sony engi-
neers have developed a spatial offset
technique that they claim doubles
horizontal resolution: sensors for
blue and red are offset by half the
picture element pitch with respect to
the sensor for green, giving the

Electronics /March 30, 1978

equivalent of 452 elements horizon-
tally by 492 vertically.

Interline transfer. The ccD area
sensor is arranged in the so-called
interline transfer configuration. Like
other cCD area pickups, each ele-
ment’s photosensor is a small metal-
oxide-semiconductor capacitor. Be-
tween each column of elements there
is a ccp vertical shift register, and at
the bottom of the chip there is a
horizontal shift register connected to
an output amplifier. The MOs photo-
sensors generate and store a charge
proportional to the light incident
upon them. At a given instant in
time, the charge from all the picture
elements in the frame is transferred
to the ccp vertical shift registers.
These in turn transfer their signals
one horizontal line at a time to the
horizontal shift register, from which
the signals are then read out in serial
mode.

Each image-sensing chip measures
10.3 by 9.1 millimeters and is sealed
in a 24-pin ceramic dual in-line

. VERTICAL SHIFT
REGISTER ’

T |

package with a window. The effec-
tive sensor area on the chip is 8.8 by
6.6 mm, the same size as the target
in ¥3-inch vidicons, permitting use of
the same inexpensive color-separa-
tion optics and zoom lenses.

Dimensions. Each unit cell pattern
measures 36 micrometers horizon-
tally by 13 um vertically. Of this,
less than a quarter, or about 100 um?
out of 468 um?, is used as the MOS
capacitor photosensor. One plate of
the capacitor is the p substrate; the
other is the thin, transparent, con-
ductive layer of tin oxide overlying
the oxide layer.

Portions of the cell where light
sensitivity is not desired are covered
with a thin aluminum layer, both to
shield them and to reduce connection
resistance. The transfer gate, verti-
cal shift register, and horizontal shift
register have polysilicon electrodes.
The two-phase clock drive used with
shift registers is conventional.

An n* drain and a p region unite
to prevent blooming, which might

PHOTOSENSOR
POLYSILICON
I ‘ ALUMINUM

| DIDXIDE

%Mﬁﬂ-

\ SILICON

DIOXIDE

Getting the picture. Sony's charge-coupled-device chip is 10.3 by 9.1 mm. It houses 226
horizontal by 492 vertical elements; a spatial offset doubles the horizontal resolution.
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SEMIEN

EUROPA ; '

Sie sollen jetzt schon einen Besuch auf West-Europas
einziger Industriemesse planen, die ausschlieRlich auf
Halbleiterherstellung spezialisiert ist. AuBer einem
dreitagigen technischen Symposium erwarten Sie uber
200 Einzelaussteller mit den neuesten Produktionsaus-
ristungen und dem neuesten Material zur Herstellung
von Halbleitern.

Don't miss your one opportunity to come to Zurich for
Western Europe's only tradeshow devoted entirely to semi-
conductor production equipment and materials. Now in its
third year, SEMICON Europa will feature an informative
three-day Technical Symposium, and more than 200 ex-
hibits demonstrating the industry's latest products. Plan
now to be one of the 4,000 engineers, managers and
decision-makers in attendance.

Pensez dés maintenant & aller voir la seule exposition
commerciale d'Europe Occidentale consacrée entiére-
ment 4 la fabrication des semi-conducteurs; un Symposium
Technique d'une durée de trois jours et qui devraits'avérer
trés instructif figure au programme, et plus de 200
exposants présenteront les nouveautes les plus récentes
en matiére d’appareils et de matériaux pour ta fabrication
des semi-conducteurs.

Sept.12-14

ZURICH

Zispa Convention Center

Sponsored By SEm m

Semiconductor Equipment and
Materials Institute. Incorporated

IN WESTERN EUROPE CONTACT

SEMICON Europa ‘78 Secretariat, Oberdorfstr. 28,
8001 Zurich, SWITZERLAND

Telephone: 01/47 44 45  Telex: 56 170

IN THE US.A. CONTACT

Golden Gate Enterprises, Inc. 1307 South Mary Ave.
Suite 210, Sunnyvale, CA 94087 U.S.A.

Telephone: (408) 737-1100 TWX: 910 338 0564

Circle 173 on reader service card
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self-timer, and provides a battery
check. The camera is completely
battery-powered. Canon estimates
that the required 6-volt battery is
sufficient for 15,000 exposures, but
voltage is not a critical figure. O

France

Paris lab develops
$20 dosimeter

A French laboratory has come up
with an electret-based ionizing-
radiation detector incorporating an
audible alarm and inexpensive
enough for the consumer market.
“The unit could sell for less than
$20, and this would still include a
large profit margin,” says Jacques
Lewiner, head of the general elec-
trical lab of the Ecole Supérieure de
Physique et de Chimie Industrielles,
which is owned by the City of Paris.

Lewiner believes that the dosi-
meter costs at least an order of
magnitude less than competitors
offering both an audible alarm and a
means of measuring the amount of
radiation received. Such a device
would allow all people living near
nuclear installations to check for
themselves just how much their envi-
ronment is or is not being contami-
nated. Also, there are obvious uses
for personnel involved in nuclear
work.

Currently there are two main
types of radiation dosimeters: those
measuring received doses of radia-
tion, and those giving an instant
reading of radiation intensity. The
first category includes radiation-
sensitive photographic film devices,
radio fluorescent glass that emits
light proportional to the dose ab-
sorbed, and dosimeters with ioniza-
tion chambers —electrometers whose
charge decreases as a function of the
radiation dose. The first two cannot
be read directly by the user, and the
electrometer approach is expensive,
fragile, and subject to accidental
discharge, Lewiner claims. More-
over, none of these methods gives an
alarm in case of sudden irradiation.

The second category includes
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Everyman’s dosimeter. Simplicity of ionizing-radiation detector developed by City of
Paris—owned laboratory means that it could sell for as little at $20.

Geiger counters. They tend to be
expensive and bulky and always need
a high-tension supply.

According to Lewiner, the new
unit offers cheapness, reliability,
ruggedness, and accuracy, together
with both alarm and dose-measure-
ment facilities. Moreover, it needs no
power supply except at the moment
the alarm is sounded and so can use
low-power watch batteries.

The new unit is extremely simple.
Lewiner’s lab has acquired consid-
erable expertise in the use of elec-
trets; its alarm is triggered by the
changes in electrostatic force that
occur when an electret is subjected
to ionizing radiation.

Using a magnet. The dosimeter
works this way: an electret is placed
between two short-circuited elec-
trodes and bonded to one of them. If
a restoring force (Lewiner uses a
magnet) is exerted on the bonded
electrode, it will remain in contact
with the electret only as long as the
restoring force remains less than the
electrostatic attracting force. When
the external electric field decreases
under the effect of ionizing radia-
tions, the intensity of the electro-
static force also decreases until,
when it has dropped enough, the

bonded electrode moves away from
the electret and actuates an alarm.

Measurement of the absorbed
dose may be made at any time. By
applying a voltage between the elec-
trodes, it is possible to set up an
electric field canceling the field of
the electret. The value of the voltage
is directly proportional to the dose
absorbed. Another method is to
incorporate a classical photographic
dosimeter, sensitive to X, gamma,
and beta radiations.

The unit is extremely small and
can be worn in the pocket or as a
brooch in the form to be presented at
the Paris components show in April.
It measures 70 by 45 by 8 milli-
meters and weighs 35 grams com-
plete with batteries.

Great Britain

Government funds
CAD sales effort

To help sell university-developed
computer-aided design schemes, the
UK’s National Research and Devel-
opment Corp. is supplying a hither-
to-lacking sales expertise. One of the
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Going hew ways.

Completely new of its kind,
ZPV combines three measuring
instruments in one:

vector voltmeter
+ RF impedance meter (option)
+ group-delay meter (option)

> = vector analyzer ZPV
(100 kHz through 1000 MHz)

Rohde & Schwarz
Postfach 801469
D-8000 Miinchen 80
Fed. Rep. of Germany

Electronic Measurements and

Radio Communications. Development,
manufacture, sales and service.
Known for “electronic precision”.

Independent concern (establ. 1933),
represented in 80 countries.
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ZPV for measurement and direct
digital readout of:

1. complex transmission coefficient
(amplitude and phase,
voltage and voltage ratio)

2. impedance, admittance,
s-parameters,
VSWR, reflection coefficient,
return loss

3. group delay and
group-delay variation

ZPV for any kind of display:

@ linear and logarithmic

@ absolute and normalized

@ polar and cartesian
of magnitude and phase plus
active and reactive components

@ digital on two 4-digit readouts
and analog on two tendency
indicators

&

vector analyzer ZPV

\

\J
7l
%

ZPV for calculator-controlled net-
work analysis: the optional IEC inter-
face enables direct connection to a
calculator, e.g. Tektronix 4051 with
graphic display.

ZPV for highest operating ease
through built-in intelligence: choose
type of measurement, store reference
value by pushing button, read off result
— everything else (selection of measur-
ing and frequeney ranges, calculation
of values measured and performance
monitoring) is handled by the micro-
processor.

And for all this the ZPV comes at barely
a third the price of conventional
measuring setups, bringing almost un-
limited capability for complex RF
measurements within reach of even the
smaller users.

For more information quote
ZPV vector analyzer

ROHDE &SCHWARZ
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Racal Analogue Recorders

Precise.Reliable.Versatile.

In all analogue recording
applications where these
qualities mean most - on land,

.sea or in the air-the Racal-

Thermionic STORE range of
tape recorders perform with
absolute dependability.

latest advances in electronic
and mechanical engineering
technology, including a unique
tape-handling system which
guarantees precise tape
control and unrivalled per-
formance under stringent en-

toring in vehicles, aircratft,
ships, oil rigs and gas tur-
bines, and for a multitude of
applications in industry and
the medical field, STORE
recorders are in constant use
around the world, setting new

Available with 4, 7 or 14 tracks,
all models incorporate the

vironmental conditions.
For stress and vibration moni-

standards in precision and
reliability.

Racal-Thermionic Limited
Hardley Industrial Estate
Hythe, Southampton
Hampshire SO4 6ZH
Telephone: Southampton (0703) 843265
Telex: 47600

Racal-Thermionic therecordingpeopke




New products international

IR amplifier, receiver
ICs introduced for
remote-control uses

by John Gosch, Frankfurt bureau manager

Amplifier boosts weak

signals by 100 dB, while
receiver extends control
to four analog functions

Remote-control systems that use
infrared signals are the target of two
optoelectronic devices to be unveiled
by Siemens AG at the Paris Compo-
nents show next week. One is an
amplifier for IR signals and the other
is an IR receiver circuit.

Built around the newly developed
integrated circuit TDA4050, the am-
plifier (see photograph) makes it
easier to lay out infrared remote-
control systems that must operate in
large rooms or over longer-than-
normal distances. Often, unless the
signal source in such a system uses
many IR-transmitting diodes, the
light power arriving at the receiving
end of the control link is too weak to
be useful. But the Siemens amplifier
allows the IR transmitter —for exam-
ple, an SAB3210 transmitter IC with
a peak output current of 1 ampere—
to guarantee good reception of
signals modulated onto an IR beam
as far as 30 meters from the pick-up
diode. The amplifier thus makes it
possible to, say, operate a slide
projector from the opposite end of a
large conference room or to open
and close a garage door from the end
of a driveway nearly 100 feet long.

The infrared receiver IC extends
the command capabilities of remote-
control systems. Dubbed the
SAB4209, the device can control
four analog functions, one more than
its forerunner, the SAB3209. Thus
the device can be used to remotely
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control not only the picture bright-
ness of a TV set, its color saturation
and receiver volume, but also its
picture contrast.

Operation of the amplifier is
straightforward. A receiver diode
picks up and demodulates the weak
IR light, then feeds its output, the
command signals, to the TDA4050.
This bipolar circuit, integrated on a
4-mm? chip, amplifies the signal in
two stages. One boosts it by 77 dB
and the other by an additional 23 ds,
giving a total of 100 dB. The signal is
then strong enough for most remote-
control tasks.

Chief characteristic of the
TDA4050, says Giinter Krdmer, a
product manager for consumer ICs at
the Munich-based company, is its
high control voltage range. It is
about 70 dB and allows signals of
widely differing amplitudes to be
processed. Also, since the control
voltage is regulated, oscillations are
avoided that could occur on the chip
as a result of the circuit’s high gain.

Further, because of its high level
of integration, the device needs little
peripheral circuitry to do its job,
Kriamer explains. The TDA4050 has
been adapted especially to IR control
systems. The chip comes in an 8-pin
dual in-line plastic package and
operates off supply voltages of 7.5 v
to 15 v and in —15°C to 100°C
environments. Its current consump-
tion is about 9 mA.

The complete amplifier includes
the receiving diode, the TDA4050,
and peripheral components, but is
also available singly. Its unit price
will be “less than $1.25 in large
quantities,” Krdmer says.

As for the IR receiver, another
application besides TV sets would be

in stereo sound equipment. In addi-
tion to volume, bass, and treble—the
SAB4209 makes it possible to
remotely control a fourth parameter,
like speaker balance.

The device’s serial data bus allows
it to be used with systems like Tele-
text in a TV receiver or digital tuning
in a radio or Tv set. Additionally, the
circuit processes enough commands
to be able to tune a TV receiver to 16
different channels.

As Max Huber, also a consumer

3E



ACT

&

AW
MALCO

(Microdot Group USA)

are now available e Insulators:20-38-56-90- 120 pos
in France : ® Material : Thermoplastic polyester - glass filled -
’ color : grey (DAP and polycarbonate on request
-38-56 - 90 pos. only)
® Removable hermaphroditic contacts : solder crimp
and wire-wrap versions
ASSEMBLED AND @ Two-piece covers for easy wiring
DISTRIBUTED BY : ® Complies with MIL — C — 28731. then inter-
changeable and intermatable with all connectors

@ PRONER meeting the same spec el

B.P.31.93160 - NOISY-LE-GRAND  For more information. calalogs, samples. visit
Tel. - 303-56-89 ask for the MALCO DIFFUSION DEPARTMENT - Ex1. 42

Circle 160 on reader service card

New products international

' ALL MULTIBUS SYSTEMS GO
INTELw...SBCn...XEDAX.,

 N2EE

TR TITTIT
PEUREER 22 p v 3 A
vy, (RPLD
(TR 3
EUEDIN

o4 3

WHO HAS THE BEST LINE OF
BOTTOM-DOLLAR, SINGLE-BOARD |
COMPUTER PERIPHERALS?

ALPHANUMERICS « GRAPHICS « KEYBOARDS * CRTS
INTELLIGENT TERMINALS - PRINTERS
MULTI-MASS MEDIA - |EEE -488 « COLOR « BLACK & WHITE

AV K yA

XEDAX CORPORATION

1417 San Antonio Avenue, Alameda, California 94501 - (415) 521-6600

THE OEM SUPPLIER WITH THE END-USER IN MIND

4E Circle 184 on reader service card

IC product manager at Siemens,
explains it, the extra control capa-
bility is achieved by designing the
chip to handle 120 commands, twice
as many as its predecessor, the
SAB3209. Each command consists
of seven bits (one start bit and six
information bits).

Using MOs depletion technology,
the circuit comes in an 18-pin dual
in-line plastic package. It operates
off .a supply of 11 to 16 v and dissi-
pates about 500 mw. The chip size is
approximately 14 mm?2. The circuit’s
unit price, Huber says, will be
around $4 in large quantities.

Siemens AG, 8000 Munich 1, P. O. Box 103,
West Germany [441]

A thermoplastic injection machine encapsu-
lates coils and similar parts in a single opera-
tion at rates between 3 and 4 units per
minute. The work table has two stations:
while coil cores are loaded at one, plastic is
injected at the other. Aviaplastique, 68 rue
Lecourbe, 75015 Paris, France [463]

A linear power amplifier has an instanta-
neous bandwidth of 1 GHz. Gain ranges from
22 to 40 dB, flat within +1 dB. Power
ratings can be 1, 2.5, or 4 W, fully protected
against overloads and mismatches. SCD-
Nuclétudes, BP 117, 91400 Orsay, France
[464]
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Up to 80, 250, 520, 1000 and 1300 MHz

Our no compromise approach to fully automated counters, five Philips Industries,
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Take the potential problems that  counters and finally a high-speed, Eindhoven, The Netherlands
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circuitry is fast acting, so transients
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Result, no compromise, no
problems.
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with a narrow trigger window can the
influence of hysteresis be minimised.
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special timing features that enable
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shielding against RF interference
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Again no compromise, no
problems.
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What’s the next
big step up
In transient

protection from GE?

General Electric’s new High Energy GE-MOV®
varistor. It suppresses 600 joule transients up to
25,000 peak amperes. That's a big step up from the
previously offered range of 150 joules, 4,000
amperes.

The new "HE" series GE-MOV varistor is available
now. And it’s more economical than other existing
high energy transient suppression devices.
Suggested prices start at $22.50 in lots of 50.

In 1972, GE introduced the ac line voltage
GE-MOV varistor, which immediately became a
standard by which other transient protection
technologies were measured. A year later, we de-
veloped the Power MOV varistor, meeting the need
for a more ruggedly packaged, high current/energy
capability device for light industrial applications.
But we didn’t stop there. We introduced the ZA
and MA series to protect lower voltage electronic
circuitry and provide packages compatible with high
volume, automatic insertion techniques.
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600 joules.

25,000
peak amperes.

And now there’s the new High Energy GE-MOV
varistor.

Technological leadership. Experience. Inncvation.
These are what you've come to expect from GE
The more important transient protection is to you,
the more you need GE-MOV varistors.

For further information, call your local authorized
GE semiconductor distributor, or write General
Electric Co., Electronics Park 7-49, Syracuse,

N.Y. 13221.
In Europe, contact Electronics Trading Company,
County Louth, Dundalk, Ireland. 222-08

® Registered trademark of General Electric Co.

There’s more
to GE semiconductors
than meets the eye

GENERAL &3 ELECTRIC
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HOW WE RUSHED AN OEM TO THE
HOSPITAL BEFORE THE MARKET DIED.

We got a medical OEM on a healthy sched-
ule by greatly reducing his development
time. We gave him a choice of systems and
software support to match his needs. And
we showed him how to use higher level
languages to increase his programmer
productivity.

OEM'’s account for more than half our
business, and we've been helping to get
them to market for almost a decade. In
short, when you buy your computer systems
from Data General, you just may buy your-
self some time. To avoid the risks in the
OEM computer market, ask for our free
OEM brochure. Call (617) 366-8911, Ext.
4735. Or write.

¢y DataGeneral

We make computers that make sense.

Data General, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario. Data General Europe, 61 rue de Courcelles, Paris, France 766.51.78. Data General Australia, (03) 82-1361.
Data General Ltda., Sao Paulo, Brazil ©) Data General Corporation, 1977.
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Probing the news

MOS ROM competition heats up

Spurred by microprocessor revolution, pinout options are growing
with two standards to choose from now and a third promised

by Larry Armstrong, Midwest bureau manager

After years of shuffling along as the
sleepiest segment of the memory
market, read-only memories are be-
ginning to present more of a chal-
lenge to both manufacturer and user.
Late last fall, the metal-oxide-semi-
conductor ROM market started to
splinter with the advent of Mostek
Corp.’s innovative, high-perform-
ance 64-k part. Now Intel Corp. is
challenging the other suppliers with
controversial changes in both per-
formance and pinouts of all its
memories denser than 32-k bits
[Electronics, Feb. 16, p. 44].

By the end of this year, users will
be facing two distinct standards for
big ROMs and erasable program-
mable ROMs. Manufacturers will be
grouped around either the so-called
Jedec pinout, promulgated last year
by the Joint Electron Devices Engi-
neering Council, or the newer pin
configuration that Intel plans to use
for virtually all new memories for
the next four years. Then, some time
next year, there is bound to be a
third standard, an 18-pin version
with multiplexed address and data
pins—a space-saving, lower-cost
mate for the multiplexed-bus micro-
computers that are coming shortly
from Intel, Motorola, and Zilog.

Differences. Further, performance
variations will abound in each camp;
both manufacturers and users dis-
agree over whether the power sav-
ings to be gained with the new
dynamic-periphery parts make it
worth scuttling their easy-to-use,
fully static designs. Mostek pio-
neered edge-activation techniques
for an early static random-access
memory and decided to require
timing signals for its 64-K ROM as
well. Now Intel has endorsed the
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All in the family. What TI, as well as other makers of ROMs, is aiming for is pin- and
performance-compatible memory families. Shown is TI's 32-K erasable PROM.

concept: starting with 32-K ROMs
and erasable PROMs, all its new parts
will be edge-enabled.

Lurking behind the upheaval in
the seemingly staid ROM and eras-
able-PROM markets is Intel’s long-
term strategy for memories, a plan
that strives to match a system’s
memory components to each other
and to microprocessors as well. Nor
does the plan stop at ROMs: “Also
coming, in the same pinout and with
the same performance, are static
RAMs,” says Larry Jordan, market-
ing strategist for ROMs at Intel’s
Components division in Santa Clara,
Calif., “and we see a number of
other functions that fit into the same
family.”

In its 32-K ROMs and erasable
PROMs, Intel has preserved compati-
bility with its existing 24-pin 16,384-

bit products, though it has turned to
a 28-pin package for 32-k and larger
erasable PROMs, and for 64-K ROMs
and up (see p. 104). “If the customer
lays out his board for 28-pin pack-
ages, he can change his product’s
options—for custom Cadillacs and
upgrades—without changing its
printed-circuit board,” Jordan ex-
plains. But Intel’s upward path
deviates from the pin configuration
that is used in 32-k and 64-K parts
already introduced by or available as
samples from, among other produc-
ers, American Microsystems, Elec-
tronic Arrays, General Instrument,
Mostek, Motorola Semiconductor,
National, and Texas Instruments.
Pinout. The pinout difference is
dictated by Intel’s desire for an
output-enable pin that, when hooked
to a microprocessor, allows the
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MEMORY DESIGN: Microcomputers to Mainframes / edited by Laurence Altman, Senior Editor, Electronics / 192 pages, $12.95.
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telecommunications market has
grown largely through acquisitions.
In late 1976, it acquired Telecom-
munication Systems of America in
Memphis, Tenn., a sales organiza-
tion through which Northern is
directly selling its SL-1, a large
digital private-branch exchange, to
major institutions and corporations.
That same month, it acquired Cook
Electric Co. of Chicago, a $30
million producer of telephone hard-
ware. And earlier this year, North-
ern paid $23 million for Danray Inc.
of Richardson, Texas, a producer of
PABX and tandem switch equipment
that is aiming for sales of $30
million to $40 million this year.

“We want a full line of telecom-
munications products not just for the
regulated carrier market in the
U.S., but also for the private
systems market,” says Scrivener,
who sees the total telecommunica-
tions market expanding by as much
as 25% annually. “We intend to
acquire in the U. S. telephone com-
pany products and plant capacity as
we require it —telco products that we
are not now making in Canada and
plant capacity as our sales grow.”

Acquisitions. However, over the
past year, Northern has also made a
number of investments and acquisi-
tions in the U. S. computer terminal
and semiconductor industries. For
example, Northern bought RCA
Corp.’s 7.5% interest in Intersil Inc.
of Santa Clara, subsequently boost-
ing its holding in the semiconductor
maker to 24%. That investment, says
Scrivener, ensures the exchange of
proprietary information for down-
stream planning and product devel-
opment. “Everybody is looking over
their shoulders and across the
Pacific to the Japanese. This is part
of our strategy for future develop-
ments, to have the LSI we need to put
into our products and keep our whole
processes competitive.”

By the middle of next month,
Northern hopes to have wrapped up
its second investment in a computer-
terminal manufacturer. It is nego-
tiating to buy, for about $77 million
in stock, Sycor Inc. of Ann Arbor,
Mich., a producer of distributed
data-entry and -processing terminals
and related peripheral equipment.
Earlier this year, Northern paid $15
million for a 12% interest in Data
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100, a producer of cathode-ray-tube
terminals in Minneapolis. The Cana-
dian firm already has boosted its
holdings in Data 100 to 19% and has
the option of increasing its owner-
ship to 35%.

“It is not unlikely that there will
be more acquisitions on the intelli-
gent terminals side,” says Scrivener.
But this is likely to be after the
summer, after Northern has sorted
out its plans and strategies for Sycor
and Data 100. These acquisitions,
Scrivener adds, are to keep Northern
in the market for what he calls the
office of the future. Possible acquisi-
tions in this area include manufac-
turers of other equipment that
before long will be attached to the
network as part of the total informa-
tion system. Adds Scrivener, “This
has high priority in our approach.”

Digital market. Meanwhile,
Northern also is banking on the
success of its expanding line of
digital switching and transmission
equipment. “We have a lot of ability
to put together for various types of
customers very cost-effective all-
digital networks,” claims Scrivener.
Also, he notes, the *‘all-digital”
market is very large and now
includes the Bell System, because of
recent developments and their re-
quirement to buy more from other
than Western Electric. Yet another
potentially large market exists for
the E-phone, a totally electronic tele-
phone handset now undergoing field
trials and slated for possible intro-
duction in the U. S. by mid-1979.

Scrivener is optimistic, too, about
expanding Northern’s business out-
side North America. While he sees
such sales growing at least 20% and
better, they are not likely to account
for more than 10% of sales. “We're
not going to build a lot of plants
around the world,” he insists. Rath-
er, Northern’s plan for expansion off
shore is to license manufacturers
who have the entrée to what he
describes as the private telecommu-
nications clubs around the world, or
Northern will take a minority joint-
venture position with local partners.

As for pursuing huge international
orders, Scrivener wants to avoid that
because “they are too risky and it
would require us to commit too
many of our resources away from
the North American market.” O
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Probing the news

Regions

Is California losing its glow?

Inventory taxes and the high cost of real estate drive

electronics executives to expand outside the state

by William F. Arnold, San Francisco bureau manager,
and Larry Waller, Los Angeles bureau manager

To judge by the long lists of woes
recited by many California elec-
tronics executives, the Golden State
no longer wants them. Indeed, since
business rebounded from the 1975
recession, there seems to be a
marked interest among these firms
in expanding both out of state and
off shore rather than in the epicent-
ers of electronics: the San Francisco
Peninsula in the north and Los
Angeles in the south.

To compile specific data on the
trend —which some industry sources
claim is nothing new —the American
Electronics Association (formerly
WEMA) is surveying its California
members. Some answers are ex-
pected by May, says Ryal R. Poppa,
AEA director and chief executive at
Pertec Computer Corp. in Los
Angeles.

While high taxes and stringent
regulations that make it “too diffi-

cult to do business in California,” as
one executive says, are a long-
standing gripe, several fairly recent
developments make operating a com-
pany there even tougher, particularly
in high-technology fields. The one
most frequently singled out by indus-
try executives is the soaring value of
California property, which took off
in 1974 and shows little sign of
leveling off. Not only do electronics
firms pay property taxes that are
double or triple the levy of the early
1970s in some cases, but soaring
home prices throughout the state
have cut off the supply of out-of-
state engineers and technicians.

The drying up of this vital source
of professional personnel has a
serious impact on the plans of a
number of firms. Typical is Comput-
er Automation Inc., founded and
located in Irvine, the heart of
booming Orange County. Its presi-

among other areas.

engineer or a research director.

San Francisco is No. 2 in living costs

A recent survey of 15 comparable major urban areas shows why electronics
companies have a tough time recruiting out-of-state engineers: mortgage
payments on the San Francisco Peninsula are easily the highest of the 15.
Including such items as insurance, real-estate taxes, other taxes, and trans-
portation, the peninsula area came in second behind pricey lower Connect-
icut but ahead of lower New York State, Chicago, Minneapolis, and Portland,

The survey, which excludes food and clothing costs, was performed by
Runzheimer Affiliated Services of Rochester, Wis., a firm specializing in
comparing living costs for corporations. Aithough the survey was pegged to
a $39,000 executive with a wife and two dependent children, president Rufus
Runzheimer says the costs would be roughly proportional for an entry-level

The survey's total annual standard costs for lower Connecticut-Westport
came to $28,799. In second through sixth place were San Francisco-
Burlingame, $27,014; lower New York State-Rye, $26,927; Chicago-
Winnetka, $26,587; Minneapolis-Edina, $24,574; and Portland-West Slope,
$22,341. Dallas-Richardson was 13th with $19,667 followed by Atlanta-East
Point, $19,373, and Jacksonville, Fla., $18,284.
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dent, David H. Methvin, charges,
“California is the third worst state
for business behind only New York
and Massachusetts.”

Sensitive subject. On the tax ques-
tion, always a touchy subject,
California comes close to levying the
stiffest total including corporate
income, property, and inventory.
According to figures compiled by
Pertec, its 9% stands sixth in
corporate income rates, behind the
12% of leader New York State-New
York City. Others in order behind
New York are Arizona, Connecticut,
the District of Columbia, and Penn-
sylvania. The Massachusetts total is
5% [Electronics, Jan. 5, p. 112].

In property taxes alone, California
taxes a very high $16.70 per $100 of
assessed valuation, behind only Mas-
sachusetts at $18/$100. But the list
does not stop there, for California
firms pay an inventory tax every
March 1 on materials, finished
goods, and production equipment.
Also, local divisions of companies
headquartered elsewhere have to pay
a “unitary tax.”

But it is the inventory tax,
although not as high as income and
property, that slams high-technology
firms, claims Methvin. Since it
covers production equipment, com-
panies that use such advanced gear
as computer-based manufacturing
and testing get hit the hardest. For
instance, Methvin’s firm manufac-
tures printed-circuit-board testers in
one division for outside sale and uses
them itself in great numbers in its
minicomputer operation. “The state
taxes these on the basis of which is
higher, cost or market value, so we
get hit on the $100,000 price tag
rather than the $50,000 cost.”

Electronics /March 30, 1978



Sacramento to act

The laments of California busi-
nessmen evidently have been
heard in the State Capitol at
Sacramento, where both Gov.
Edmund G. Brown Jr. and legis-
lative leaders are pushing for
changes. Brown lists inventory
tax relief high among his priorities
this year, and a chief aide respon-
sible for legislative liaison toid
Electronics: *‘We'll have an inven-
tory tax relief bill in 30 to 60 days.
We have the support. The ques-
tion is what form it will take.”’

The high cost of housing on the
San Francisco Peninsula is the main
reason Intel Corp. is relocating its
Memory Components division and
the single-board-computer part of its
Microcomputer Systems division to
Portland, Ore., says Gordon Moore,
president. “It’s the principal problem
in trying to grow in the Bay area,”
he says, because young engineers
from out of state are frightened off
by the stratospheric house prices.

Housing, the tax environment, and
the unavailability of professional
people are making it hard for elec-
tronics companies to prosper in
Silicon Valley, agrees Floyd
Kvamme, vice president and general
manager of National Semiconductor
Corp., Intel’s Santa Clara neighbor.

“The real issue in California is
housing” Kvamme says. “I'm told
that if you eliminate the housing
parameters, things like food, clothes,
and transportation aren’t that bad
out here—the problem is getting into
a house,” meaning the down pay-
ment and monthly payments.

But Kvamme also criticizes high
California taxes, particularly state
capital gains taxes, which he under-
stands to be worse than others. “The
whole tax environment is, in
Zschau’s words, killing off or at least
wounding the golden goose,” he
declares, referring to testimony be-
fore Congress by Edwin V.M.
Zschau, chairman of System Indus-
tries Inc. in Sunnyvale, representing
the AEA [Electronics, Feb. 16, p. 42].
“California should take a look and
ask if it’s not doing the same thing as
Massachusetts in killing off high-
technology companies,” he says. [l
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TO ALL CUSTOMERS IN IC MANUFACTURE

“(PIQ) i
FROM INORGANIC
TO ORGANIC
Switch-over is now
taking place in
coating technology
for semiconductor
device surfaces.

APPLICATION
Coating for insulating
protection of semicon-
ductor device surfaces
and insulation between
layers of multi-level
interconnections.
FEATURES

@ More than 5 times

_FOR SEMICONDUGTOR DEVICES

| @ Hitachi Chemical Co.,Ltd.

Surface of linear IC with PiQ insuiatio

mark of H.tachi Chemical

thicker insulation
coating can be ob-
tained than the con-
ventional CVD-SiO:
passivations.

@ Its excellent step
coverage property
assures easier for-
mation of multi-level
interconection.

® Maximized reliability
is achieved with mini-
mized cracks or
pinholes.

® Automatic spin coat-
ing can be applied
and reduces passivat-
ion cost remarkably.

n iayer.
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The Continental
connection

A ROUND TERMINATION FOR A ROUND HOLE

FLOW SOLDERING APPLICATIONS WITH
OURBELLOW FORM CONTACT

.100 x .200 Spacing, 12-140 contacts contigurations
available in any terminal length or 90° terminals

FILLED IN SOLDER CORE
FLOW SOLDERED

K%\ 026

) TERMINAL

X A) DA
’l 042DIA.
HOLE IN PRINTED CIRCUIT CARD

CROSS SECTION THRU TERMINAL

SERIES 6100 A

:p.\‘. ‘\| } 140 Contact
w1l Edge Card
"H‘ DA LI | Connector
! ‘—JH ustrated

o, Actual Size
90° MOUNTING

CONTINENTAL CONNECTORS
INAQUALITYWORLD
OF ELECTRONICS

For our nearest direct sales representative or distributor, see your electronics directory.

CONTINENTAL[<=] CONNECTORS

CONTINENTAL CONNECTOR CORPORATION » WOODSIDE, NEW YORK 11377
PHONE: (212)899-4422
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Data Precision’s leadership in digital instru-
mentation is based on high-value product
planning, years-ahead engineering, and pains-
taking quality control. As a result, nearly
100,000 Data Precision instruments are now
providing dependable service, at sustained
accuracy, all over the world.

In addition to the following bench instru-
ments, Data Precision manufactures a com-
plete line of portable and system multimeters
and portable and bench counters.

MODEL 1350

Full Function 0.1% Accuracy 32 Digit
DMM With Extra Fault Protection $169.00
This new DMM features both Hi/Lo excitation

on its resistance measurement mode, 5 ranges
each of DCand AC voltage and current mea-
surement, and excellent protection from damage,
both physical and electrical. The 1350 comes com-
plete with test leads and complete documentation.

. MODEL1750
% Extra Function 3% Digit Bench/Portable
" ADMM Includes Current to 10 Amperes,
m, Hi/Lo Ohms, True RMS and Field
Installable Battery/BCD Output $279.00
D_esj’%h d for flexible; high precision applications
yur-new Model 1750 offers 36 ranges and 6
ons. In addition to all standard measure-

d reads all AC directly in True RMS.
\al réchargeable battery pack and
Poutput are field installable.

.

| s v o Ty o T —— -

{ v [ 4
-

s e —

MODEL 3400
Lab/Systems 4%z Digit Autoranging
Multimeter $795.00

The Model 3400 is the world’s most accurate
systems/lab full function 4% digit multimeter. It
is a fully programmable systems multimeter as
well as a highly versatile stand alone autoranging
instrument with 2 and 4 wire resistance, remote
triggering and AC/DC, DC/DC voltage ratio
measurement in addition to DC and AC voltage
ranges. Also available with IEEE STD 488 inter-
face (Model 3410).

MODEL 3400R
With True RMS $895.00
The same specifications and features as Model

3400 but with True RMS AC volts. Model 3400R
is also available with IEEE STD 488 interface.

MODEL 3500 Autoranging
Lab/Systems 5%z Digit DMM With

1 Volt/1 Milliohm Sensitivity DC and
AC $995.00

The Model 3500 offers autoranging, remote rang-
ing and trigger, 2 and 4 wire resistance measure-
ment, DC and AC voltages plus DC/DC and
AC/DC ratio measurement, BCD output with a
a basic DC accuracy of =.007%.

For complete information or a demonstration,
contact your local Data Precision representative
or Data Precision Corporation, Audubon Road,
Wakefield, MA 01880, USA, (617) 246-1600.
TELEX (0650) 949341.

Prices U.S.A.

(| DATA PRECISION

...years ahead

Circle 78 for demonstration
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When you put a Wavetek
Model 172A into your system,
you're ready to handle almost
anything. It's an oscillator, DC
reference, waveform generator,
synthesizer and pulse generator all
inone. It covers the frequency
range of .0001Hz to 13MHz, with 5%
digits of resolution and .0005%
accuracy. Naturally you get all
types of waveforms (with synthe-
sizer purity if you need it), along

with FM, pulses, ramps, and DC or
AC references.

But Model 1724 is not onlya
versatile stimulus, it's a stimulating
conversationalist. It talks to your
system via the GPIB bus, and has a
microprocessor front end to format
and execute commands. It can
even store 100 programs internally.
There is also a 40 character
alphanumeric display for local
interactive programming

and visual status checks.

Now that you've seen our
stimulus, how about giving us you
response? Just circle the reader
service number for details, or
contact us direct. Wavetek San
Diego, 9045 Balboa Avenue, P.O.
Box 651, San Diego, Ca 92112. Tel:
(714) 279-2200 TWX (910) 335-2007

AVETEK

This may be all the
stimulation your automatic
test system needs.

WAVETEK v PROGRAMMABLE SIGNAL SOURCE  MODEL 1724
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Technical articles

Microseconds and megahertz:
a new measurement series

by Stephen E. Scrupski,

Instrumentation Editor

in recent years, instruments for measuring time and
frequency have made significant advances that have
raised them to an unprecedented level of sophistica-
tion. The stream of innovations has included counter-
timers that adjust their trigger levels; oscilloscopes that
measure time intervals precisely; and spectrum analyz-
ers that perform measurements directly and display
results on the screen, using the displayed spectrum
primarily for reference rather than as the basis for
measurement itself. There have also been improve-
ments in frequency sources, like the triggered phase-
lock oscillator from Hewlett-Packard.

As engineers are well aware, these changes have
been largely the result of the fast pace set by digital
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circuits. By now, though, semiconductor makers are
concentrating more on the circuit density and less on
the speed of their chips, so there has been a corre-
sponding let-up in the frequency race among instru-
ment manufacturers—today’s oscilloscopes, for in-
stance, perform quite well for the applications. So it
seems as good a time as any to survey the time- and
frequency-measurement field and see what the
changes mean to the engineer.

Developments here, in counters and spectrum
analyzers as well as oscilloscopes, make an interesting
contrast to developments in digital multimeters and
other voltage, current, and resistance instruments.
Great strides have been made in the basic technology
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Part 1

Making accurate
measurements
with counters
and timers

by Jan van der Windt and Jan Ericsson,
Philips Electronic Industries, Jérfalia, Sweden

O In principle, a digital counter is just a box that counts
the number of events occurring during a precisely
defined time interval. But in practice, it has to be quite
complex if it is to deal at all accurately with rapid
trigger events like sine-wave zero crossings in frequency
measurements or clock pulses in time-interval measure-
ments made on high-speed digital circuits.

In fact, some of today’s counters are already using
microprocessors. But even the less sophisticated require
their users to have some grasp of how their logic, count-
ing, and input conditioning circuitry operate.

The instruments have come a long way since the

MAIN GATE
DECIMAL
—»] INPUTS }— —o" o }—»{ COUNTING
UNIT
3
™ LoGicAL
NETWORK TIME-BASE
> DIVIDER
CRYSTAL | [
OSCILLATOR
TIME-BASE
FUNCTION
SWITCH UL

1950s, when the first digital counters were developed to
totalize random counts in nuclear radiation measure-
ments. Those were bulky machines that needed 100 or so
vacuum tubes and had odd-looking displays, since
neither the Nixie tube nor the light-emitting diode had
yet been invented. But more compact, transistorized
versions appeared in the late 1950s, and by the late
1960s diode-transistor and transistor-transistor logic had
started the decline in prices and the improvement in
performance that the microprocessor is currently
showing every sign of continuing.

In today’s typical counter, the signal to be measured is
connected to input circuitry that converts it to standard
logic levels (Fig. 1). Then it is routed through a logic
network along a path that varies with the parameter to
be measured—frequency, period, time interval, and so
on. Of these the most basic is frequency.

Measuring frequency

The simplest way to measure frequency is to pass the
unknown signal through the main gate as it opens and
closes in response to an accurate time-reference gating
signal. This gating signal is set by the time-base selector,
normally in decade steps, and is derived from the crystal
oscillator by a time-base divider. The output from the
main gate is a number of pulses that directly represents
the frequency of the input signal, since the gate time is a
decimal fraction or multiple of 1 second.

The pulses are counted by and stored in the decimal
counting unit. When a measurement has been

INPUT FREQUENCY

MWW
LI L
I N
S | I I

INPUT FREQUENCY/N

GATING SIGNAL

REGISTERED COUNTS

DISPLAY
\
MAIN GATE
INPUT | INpuUT PRE- DECIMAL
— TRIGGER [~™] SCALE —— COUNTING
CRNCTAL TIME-BASE ay.
0SCILLATOR [ DIVIDER DIVIDE-BY-N
TIME-BASE
SELECTOR

1. Basic counter. To measure frequency, inputs are converted to
standard logic levels and enter the main gate, which is held open for
a preset time by the time-base divider circuit. The gate's output is a
number of pulses corresponding to the input frequency.
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2. Prescaled counting. For inputs beyond the frequency range of
the basic counting circuits, prescaling is used. Input signals are
divided in frequency by a known factor by the prescaler and counted,
and the resulting pulses are multiplied by the same factor.
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3. Time intervals. Measuring brief time intervals, clock pulses may be truncated by the gate, and when that happens, errors will result (a). A
more accurate technique is to count leading edges of clock pulses (b) and then use interval averaging (c).
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4. Synchronized gating. A circuit that acts on the edges of the 5. Hysteresis effects. Hysteresis in the trigger circuits results in a
clock pulses can be implemented with two flip-flops. The circuit thus  voltage difference between trigger and recovery points. The range
responds to almost zero-width start and stop pulses and can be used  between the upper and lower thresholds is the hysteresis voltage,
to measure events shorter than the clock period. which must be taken into account with complex input signals.
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6. Spurious counts. Triggering does not occur at the specified
trigger level, but rather at the top of the hysteresis band (a). If the
hysteresis band is narrow, a noisy signal will make extra transitions
(b). Input attentuator can expand hysteresis band (c).
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completed, the display is updated with the new result.

A universal counter/timer allows other measurements
besides frequency counting. In the period, or duration,
mode, the input signal is routed to open and close the
main gate, and the number of gated clock pulses is
registered in the decimal counting unit. These clock
pulses represent time units—normally 100 nanoseconds
each, since the oscillator in most cases operates at 10
megahertz. In the time-interval mode, start and stop
inputs open and close the main gate.

Direct-gated, prescaled, or converted

This direct-gating method of frequency measurement
has limitations, however. It is possible with present tech-
nology to make a direct-gated counter up to 1,000 MHz,
but it is seldom done, since 1,000-MHz main-gate and
decimal-counting circuits are very expensive.

A more economical solution is to divide, or prescale,
the incoming frequency down to a frequency that can be
handled with standard transistor-transistor- or emitter-
coupled-logic circuitry. The prescaling can be done with
any factor—4, 8, 10, and so on—but the number of
periods per second that result is now only a specific
fraction of the unknown frequency (Fig. 2).

To obtain the proper result, the counted pulses must
be multiplied by the prescaling factor. Seemingly the
easiest way to do this is to count the pulses during a fixed
time interval, usually a multiple of a gate time used with
direct gating. But then either resolution or measuring
time must be sacrificed, since the resolution—the
number of pulses counted —depends on the gate time. A
given frequency produces 10 times as many pulses in 1
second as in 0.1 second.

On the other hand, even directly gated counters have
to pay for a meaningful resolution by using a very high-
stability oscillator. Their ability to produce a measure-
ment of 500 MHz *1 hertz is only meaningful if their
time base has an accuracy on the order of 10-°. For this
reason, 500-MHz direct gating is mostly restricted to
high-speed systems counters, such as the HP5345A and
the Philips PM6650, while 1,000-MHz direct gating has
not been used at all. With present technology, prescalers
up to 1.5 gigahertz are possible, while new gallium-
arsenide field-effect-transistor developments may raise
this upper limit to 4 GHz or so within a few years.

To count even higher frequencies, the kind of conver-
sion techniques found in a radio receiver are employed.
The commonest use transfer oscillators and heterodyne
converters. With the manual transfer-oscillator tech-
nique, and with appropriate radio-frequency hardware
for the mixer, it is possible to measure frequencies even
higher than 300 GHz. With the automatic-heterodyne or
automatic-transfer oscillators, the frequency range is
normally limited to around 30 GHz.

There are two types of time-interval measurements:
single (one-shot) and repetitive. A one-shot time interval
can, of course, only be measured in the single time-
interval mode, so that resolution is limited by the coun-
ter’s clock frequency. Medium-priced counters mostly
have a resolution of 100 ns, but more sophisticated
counters have single-time resolutions of 10 ns or less.

If the time interval to be measured is from a repetitive
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7. Amplitude modulation. If the signal is amplitude-modulated, the
a-m envelope should enclose the hysteresis band (a). A hysteresis
band that is too narrow (b) will result in uncounted periods. An
alternative is automatic regulation of the hysteresis band (c).
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signal, the time-interval average technique can be used.
Today this is even found in some medium-class counters,
such as the Philips PM6622 and HP5308.

If an engineer tries to measure a time interval of 175
ns with the normal single time-interval function, and if
the counter has an internal clock frequency of 10 MHz
(equal to 100-ns resolution), the result will be either two
or three counts, depending on the phase relation between
the time interval and the clock. The problem is that the
gate signal sometimes truncates the clock pulses at the
start and stop of the measurement, and a fast enough
counter will count these truncated pulses, producing an
error of more than 1 count (Fig. 3a).

Averaging over several intervals will not improve the
accuracy of the measurement. The answer is to count
only the leading edge of the clock pulses (Fig. 3b), which
makes it possible to deduce a much more accurate count.
The time interval can be expressed as (100n+t,)ns,
where n is an integral number of 100-ns-interval clock
pulses and t, is a fractional part, less than 100 ns
(Fig. 3c). At least one clock edge will be counted during
each interval, and the probability of counting a single
additional count is proportional to the time t,.

Edge-sensitive counting

For instance, in the foregoing example, the probablhty
of counting two input pulses during the 175-ns interval is
greater than its counting one pulse. In fact, there is a
75% probability for two counts and only 25% probability
for one count. With 10,000 measurements, 2,500 will
produce one count and 7,500 will produce two counts.
Thus the total will be 17,500 counts, which is divided by
10,000 to give 1.75 counts. Since the clock interval is 100
ns, this corresponds to 175 ns.

Several circuits can implement an edge-triggering
system. The simplest synchronizes the gate signal with
the clock signal (Fig. 4), acting on the edges of the clock
pulses. It corresponds to virtually zero-width pulses and
can measure time intervals much shorter than the clock
period. Resolution and accuracy is improved by a factor
of N2, where N is the number of averages taken.

Time-interval averaging can be used if:
® The signal is repetitive.
® The repetition frequency is not synchronous with the
internal clock or a subharmonic of the internal clock.
® There is a minimum time between the stop and a start
of the next interval, normally on the order of one or a
few pulses of the internal clock.

To fully exploit the potential of time-interval averag-
ing, start and stop channels must be accurately matched
as to both rise time and propagation delay. Then this
technique can measure even 100-ps time delays.

The specified accuracy of any counter represents a
maximum attainable value, since noise, distortion, inter-
ference, and input-control setting errors can all falsify
the count. In today’s frequency counters, the counting
circuitry uses standard TTL, ECL, and/or metal-oxide-
semiconductor digital integrated circuits, which can only
count input signals having the right pulse form and
amplitude —in other words, the right logic levels.

In practice, though, measurements must be made on
all types of signals, with amplitudes that may range from
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a few millivolts to many volts and waveforms that may
vary from a clean sharp pulse to a distorted sine wave.
This variability is reduced to the required uniform shape
by input signal-conditioning circuits like attenuators,
amplifiers, and limiters. But the conversion is inevitably
imperfect and often leads to significant errors. In fact, it
is often the sophistication of the input signal condition-
ing, rather than the quality of the time-base crystal
oscillator, that determines the counter’s accuracy.

Hysteresis

Correct triggering, in particular, is dependent on the
signal-conditioning circuits. It requires proper use of the
hysteresis of the trigger circuit (Fig. 5). This circuit’s
function is to produce a step response, or pulse output, at
the point when a gradually changing input signal crosses
a certain threshold value. This threshold value, however,
is higher for increasing than decreasing input voltages,
and the range between the lower and upper threshold
limit is the hysteresis voltage.

In a plot of input-voltage characteristics versus time,
the hysteresis voltage appears as a band, or trigger
window. (But note that because of input amplifiers, the
hysteresis voltage band is lower at the counter’s input
than at the actual trigger circuits.) The width of the
hysteresis band is the same as the counter’s input sensi-
tivity in peak-to-peak millivolts. For example, an input
sensitivity specification of 10-mv root mean square can
have a typical value of 6-mv rms, which equals a hyster-
esis voltage of 18 mv peak to peak. An input attenuation,
by reducing the signal amplitude, in effect makes the
hysteresis band wider and the counter less sensitive to
false triggering. Thus, a flat frequency characteristic
implies a constant hysteresis band for all input frequen-
cies—but note that some counters do specify deterio-
rated sensitivities at maximum operating frequency.

Incidentally, triggering does not occur at the trigger
level, but at the trigger point (Fig. 6a). The trigger level
is the hysteresis-band offset.

Although counters are used to measure both frequen-
cy and time interval, these two different measurements
have contradictory requirements when it comes to
avoiding spurious counts. For instance, frequency
measurement needs continuously variable attenuators,
and time-interval measurement does best with none.

In measuring the frequency of a given input signal
more sensitivity than is needed for correct triggering is
undesirable. Otherwise, noise, distortion, or interference
may cause the input signal to cross the hysteresis band
more than once per period (Fig. 6b). But with input
attenuation, the band can be expanded, so that noise
with an amplitude below the hysteresis voltage does not
trigger the input (Fig. 6c). Because of this, the hysteresis
band is sometimes called the noise-immunity band.

How much attenuation?

A hysteresis band of about 50% to 70% of the peak-to-
peak input signal usually is ideal. Since input signals can
have any amplitude, continuously variable input attenua-
tion is generally best. This can be obtained with
potentiometers up to about 100 MHz, with automatic-
gain-control circuits up to about 1 GHz, and with p-i-n
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8. Slope variations. Different slopes of the edges of input signals
can cause variations in triggering. Here, the narrower the hysteresis
band, the less the error. But the errors can be compensated for by
offsetting trigger levels with half the value ot the hysteresis band (c).
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9. Changing duty cycles. The trigger level should be variable if
frequency-measurement inputs are to have high or low duty cycles.
The trigger level offset then can track the inputs to assure that no
pulses are missed during the counting process.

diode attenuators up to about 10 GHz. The last of these
also tolerates overloads better than agc circuits do.

More specifically, when only unmodulated sine waves.

are to be measured, all types of continuous controls are
suitable. But to measure the frequency of amplitude-
modulated signals, potentiometers are best, because they
allow precise setting of the signal level so that no period
is missed (Fig. 7). Since potentiometers are limited to
100 MHz, automatic regulating systems are used with
p-i-n diodes or agc circuits for higher frequencies.
Time-interval measurements, on the other hand,
demand a narrow hysteresis band. By means of slope
selection and trigger-level setting, the trigger point may
be positioned at any point on the signal slopes. Different
signal slopes at the start and stop trigger points cause
different delays between the trigger-level crossing and
the actual trigger point (Fig. 8). A narrower hysteresis
band will be crossed in a shorter time, reducing differ-
ences in delay. Thus, to minimize trigger errors, an input
attenuator should not be used. However, the counter’s
basic trigger-level dynamic range, say —2.5vto +2.5v,
often makes the use of an attenuator necessary for
signals of higher amplitude. To know what the new
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offset range is when using an attenuator, it is necessary
to have a fixed device with a known attenuation factor,
even though it degrades the trigger delays.

Virtual elimination of the hysteresis band is possible
by means of automatic compensation of the hysteresis
voltage. When making time-interval measurements, the
actual trigger level is compensated, or shifted, by half
the value of the hysteresis band —the voltage shift is
negative after selection of a positive trigger slope, posi-
tive for negative slopes. These autocompensation
networks are found in more elaborate counters, such as
the HP5327 and the Philips PM6650.

If frequency measurements are to be made on sine-
wave signals only, fixed ac-coupling and center-crossing
triggering is best, being economic, stable, reliable, and,
through elimination of extra controls, easy to operate.
But if pulsed signals with a very high or low duty factor
are involved, some trigger level offset facility is needed.
This might take the form either of a variable control or a
switchable fixed offset.

Frequency, or repetition-rate, measurements on pulses
with a changing duty cycle are even more remote from
the simple frequency meter. For this type application, a
dc-coupled input stage plus continuous trigger-level
control is needed (Fig. 9). An operator finds it hard to
optimize settings using two variable potentiometers
simultaneously, one to control trigger-level offset and the
other for attenuation. So instead, this type of input has a
fixed-step attenuator (i.e. X1, X 10, X 100). It is at this
point that counters intended for more general applica-
tions start to sacrifice noise immunity.

Counter-timer considerations

In counter-timers capable of measuring frequency and
time intervals, two inputs are needed to define the
opening and closing of the main gate. These inputs are
usually dc-coupled, while a trigger slope selector is
added to trigger on either positive or negative slopes.

In low-speed counter-timers, to economize on input
circuitry, the stop channel often has a lower speed than
the start channel, which also is used for frequency
measurements. This need not be a drawback if the stop
channel’s rise time is better than the %1 digit error
corresponding to clock resolution (usually * 100 ns).

Faster counter-timers featuring time-interval aver-
aging are able to measure times much shorter than the
%1 clock pulse. This kind of resolution makes much
heavier demands on the input channel performance. The
matching of the start and stop channels becomes of the
greatest importance. If the propagation delays or rise
times of the two channels are at all different, a time
error is added. This error cannot be eliminated by aver-
aging, since it recurs in every sample.

The best way to check channel matching is to measure
the time difference in their outputs. A power splitter and
two cables of equal length should supply the same pulse
to both channels. Also, the two trigger levels should be
set equally. To ensure this, both levels should be preset to
0 v, with an internal short circuit to ground, and then a
very fast pulse crossing O v from a negative to a positive
voltage should be applied. Good timer-counters will show
a deviation of much less than 1 ns. a
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Motorola pipes up with
thevery

latest thing

in BIFET
technology.

Delivery.

The pipe is full and overflowing! 23 ;

Supported by substantial inventory and a full L ming =t
production pipeline, Motorola now has major-source ; ,’G-Z/\}:‘E A il 5 ot
capability for supplying 12 variations of LF155/156/157 '///’/" ,\,.! i == /// NET
BIFET series immediately. 1 4E ! I!u"m Z, =

Because we intend to be your No. 1 BIFET supplier d AV K
before others can say “where-did-they-come-from,” - ’
we have ensured total warehouse availability of plastic
and metal devices before turning on the valve. We're
ready for those BIG orders that may choke our
competitors’ plumbing.

it looks like we'll be the only real supplier of 8-lead
ceramics, too, while only one other source makes
B-suffix types, two sources won't touch the 157 series
and four manufacturers aren’t supplying plastic.

Motorola’'s got all three temperature versions, plus 7 ML IBAI?=E$ROLA PACKAGE 100-999 [
plastic DIP. And we'll have A-suffix versions soon. ;

We're out to flood the market with the best /i LF155/6/7H Metal Can $3.50
BIFETSs the least money can buy! Contact your y LF155/6/7 J Ceramic DIP $3.50

franchised Motorola distributor or Motorola

Semiconductor Products Inc., P.O. Box 20912, s Metal Can $2.50
Phoenix Arizona 85036 LF255/6/7 J Ceramic DIP $250
And you thought the LF255/6/7 N Plastic DIP $1.85

Alaskan pipeline was full! LF355B/6B/7B H  Metal Can $1.45
LF355B/6B/7B J  Ceramic DIP $1.45

LF355B/6B/7B N Plastic DIP $1.10

LF355/6/7 H Metal Can $1.05

M O7 OR OLA LF355/6/7 J Ceramic DIP  $1.05
LF355/6/7 N Plastic DIP $ .75

Semlconductor Gmup Metal Can Plastic DIP Ceramic DIP
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Designer’s casebook

Capacitance multiplier extends
generator’s sweep ratio

by A. D. Teckchandani
Eastern Electronics Ltd., Faridibad, india

Most low-frequency function generators can produce
triangular waves over a frequency range of 100 to 1 by
using the standard method —constant-current charging
and discharging of a fixed-value capacitor. But the
sweep ratio, or the ratio of the maximum to the
minimum output frequency, can be extended to 500 or
more by varying the magnitude of the current from the
generators and the capacitance simultaneously. Using
one potentiometer both to control the current source

directly and to adjust the capacitance by means of a
capacitance-multiplier circuit allows a greater frequency
range, because the ratio of current to capacitance is
varied over a wider range.

The frequency, or rate, at which a capacitor charges
or discharges is directly proportional to the magnitude of
the current from the generators and inversely propor-
tional to the capacitance; that is, f = Ki/C, where K is a
constant. This circuit expands the sweep ratio by
ensuring that an increase in i is accompanied by a
decrease in C, and vice versa.

The circuit shown below is so configured that the
current sources formed by stages A,, Q,, and Q, aid in
determining both the oscillation rate of a 555 timer,
wired as a double-ended comparator (Schmitt trigger),
and the amplitude of the current through timing capac-
itor C.. The frequency of oscillation is also determined
by stages Q; and A, and is equal to:

0V

|
%2!3

+15V +27V
FREQUENCY h 74 1,
ADJUST 8C177 8
1k2 9 g, 8]
=15V 2 556 3
33V 27y IN914
= Y
1N914 +10V
100kQ2
0.1 uF
100 k2 +15V +15V BFW10
4.7 k2 90 k2
741 , 0, ! u
\h\y / BC107 =
-15V
47k 9 ey 10kQ
% B
L NG
5 R o
LINEARITY 10k
ADJUST
-y 1k
4.7 k2
B 'AA% —27V
+15V !
3.3pF HSV
Az
741 +
=15V —
9k

1kQ2

Greater range. Simultaneous variation of current-source (A, Q;, Qz) magnitude and capacitance charged by source extends generator's
sweep ratio. R, adjusts current source directly; capacitance is varied by means of capacitance muitiplier (Az, Q).
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f=151/VC = i/3.6C

for V = 5.4, where:

V = supply voltage of 555

C=C,(1+A)

A, = 4,700/(47+ R() = voltage gainof A,

R, = on resistance of Q.

R, controls i, the current value being equal to
(10— V,)72R. R; is controlled by the voltage appearing
at the gate of Q;, which in turn is controlled by A, and
ultimately R,. Therefore, when there is an amplification

in the A,—Q; loop, the effective capacitance at the output
of Q, increases by A.C.. (The phenomenon of output
capacitance increasing with active-device gain was first
observed in the Miller effect). Capacitance multiplica-
tion is thereby achieved by varying R

The frequency range of the triangular waves that can
be produced by this circuit varies from about 10 cycles to
approximately 5,000 cycles.

Designer's casebook is a regular feature in Electronics. 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. We'll pay $50 for each item published.

MORE TO FREQUENCY MULTIPLIER

As readers may have noted in R. J. Patel's article in the  tion Z=V(W+X)+VWX cannot be implemented with just
previous issue, ‘‘Frequency multiplier uses combinational  two AND gates and three inverters, as was diagrammed in
logic'’ [Designer's Casebook, March 16, p. 119], the func- Fig. 1. The correct implementation is shown below.
v Jl>o—ﬂ
JL
a D
w Do =
L/ nnn
0 t
X

Digital interpolator extends
number of synthesizer channels

by Jo Becker

University of Stuttgart, Institute of Biomedicine, Stuttgart, Germany

The extensive modifications needed to increase a
commercial or already built frequency synthesizer’s
channel-generating capability over a given range can be
a designer’s nightmare. But the addition of only a
counter and a few gates will multiply the synthesizer’s
channel capacity 5 to 10 times—and does so almost
without touching the basic circuit.

The technique used for channel multiplication may be
understood with the aid of a block diagram of a typical
frequency-modulated synthesizer (a). Here, the voltage-
controlled oscillator generates 80 carrier frequencies, or
channels, in the 133.3-to-135.275-megahertz band,
where the channel separation is 25 kilohertz. The
channel spacing is determined by the value of f,. The
output frequency is:
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f, = f,+Nf.

where f, is generated by a local crystal oscillator and N,
an integer, is selected by a binary-coded-decimal switch
array and a suitable BCD adder, plus a variable frequency
divider and a standard feedback circuit that uses a
phase-locked loop. An additional BCD switch array
control makes it possible for the synthesizer to generate
a frequency, f,, such that:

f, = fo+(N+M)f,

and this option is useful in cases where the synthesizer is
employed in a receiver circuit to generate separate trans-
mitting and receiving frequencies.

To enable the vco to oscillate at frequencies between
the channels, noninteger values of N or M must be
generated, and therefore it is necessary to connect the
interpolator (b) to the basic synthesizer circuit. The
interpolator circuit simply uses a MM74C90 counter
and two inverters to convert the divide-down signal, fy,
into a bi-quinary code in order to modify the BCD output
of the MC4560 adder, the device that is primarily
programmed by the switch array.

When the bi-quinary patterns, represented by fs, are
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MICROPROCESSORS.

7 VIDEO TAPED SEMINARS AND COURSES
NOW AVAILABLE FROM GENESYS.

4 SEMINARS BY
DR.RODNAY ZAKS
OF SYBEX.

These videotaped sessions provide
the quickest user-oriented “how to”
Seminars on microprocessor
technology available today. Each
seminar includes a complete state-
of-the-art survey.

A1-MICROPROCESSORS—The Basic
Hardware Course

14 color tapes /14 hours. Sales price
$3,500; Lease price $1,750.

Comprehensive introduction to micro-
processors; microcomputers.
Intended for those who wish to
acquire a thorough understanding in
a short time. Covers all aspects of
microprocessors, from chip operation
to design of real systems. Stresses
technical design, microprocessor
selection, costs, trade-offs,
application techniques and
development methods. Real
microprocessors are discussed and
evaluated in defail, then interfaced
with memory and peripherals into
complete systems.

B3—MILITARY MICROPROCESSOR
SYSTEMS—Overview ot Techniques
and Systems Available

7 color tapes/7 hours. Sales price
$2,100; Lease price $1,050

Provides defailed view of the specific
probiems of militory microprocessor
applications and the techniques
available to solve them. Equipment
and methods are described,
evaluated and compared. Alternative
solutions are presented with costs
and technical impact. Seminar stresses
concepts and techniques applicable
to new components and systems,
and shortcomings of current
equipment. Provides basic
information necessary to evaluate or
implement a new military, avionic,
microwave, or severe-environment
system, from existing or custom chips.
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B7—MICROPROCESSOR INTER-
FACING TECHNIQUES—From Key-
board to Floppy Disk

6 color fapes/ 6 hours. Sales price
$2,100; Lease price $1,050.

One (or muiti-) card implementations
of microprocessor interfaces are
becoming obsolete: one-chip LSI
components plus software may now
be used. Inferfacing has been
simplified by the new LSI compo-
nents and related software
techniques to the point where an
electronics background is no

tonger required to build a system
Seminar presents the new com-
ponents and techniques in detail

A complete system 1s built and
assembled progressively, then
interfaced to all typical /0 devices
interfaces are built for a simple key-
board to teletype, printer, CRT, and
floppy disk Background equivalent to
levet of seminar Al is required

B5—BIT SLICE—Building an
Actual CPU with Slices

7 color tapes/ 7 hours. Sales price
$2,950; Lease price $1,500

Seminar focuses in depth on system
building techniques using these new
devices. Is a "how-to-do-it” seminar
both at hardware and system level;
how to build a system, how to
improve efficiency A complete
system is assembled step-by-step,
using bit slices, PLA's, ROM's, and
other LS| components A comparotive
evaluation of bit-slice devices
presently ovailable, their short
comings and expected evolution

iIs mode Seminar requires under-
standing of basic computer archi-
tecture and equivalent of

seminar Al

A complete set of gudio casseftes
plus seminar books is avaitable for
each of the above seminars ot @
prce of $49 95 per seminar plus an
extra $10 for the Al seminar

In oddition o the above, two basic
mMICroprocessor courses are
avaiioble, each with o special book
and two audio cassettes (2'2 hours)
Information available on request.
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3 COURSES FROM
COLORADO STATE
UNIVERSITY.

Highly practicai courses for
engineers or technicians who want
to be brought up-to-date quickly
on various aspects of the micro-
processor technoiogy.

1. HOW DO | MASTER MICRO-
PROCESSORS?—Microprocessor
Technology and Applications

By: Dr Michael Andrews, C S.U. and
Eugene R. Fisher and Michael D.
Maples of Lawrence Livermore
Laboratory.

49 b/w tapes/ 37 hours. Sales price
$11,125; Lease price $1,750. Plus MST-
80 B Trainers (one per 5 persons)
Sales price $750; Lease price $200

OBJECTIVES: Assess current micro-
processor technology. Operate o
microprocessor. Learn rapid design
techniques Participate in actual
design applications. Generate
machine-language codes. Efficiently
debug software. Develop broad-
based understanding of micro-
processors. Originate new product
applications. Ideal for design
engineers or technicians with o need
to develop and/or maintgin micro-
processor-oriented systems No prior
exposure to MICroprocessors Is
required, but a good background in
digttal logic and assembly language
1S recommended

2. LOGIC DESIGN OF DIGITAL
SYSTEMS FOR IMPLEMENTATION
WITH A MICROPROCESSOR

By: Dr Thomas A. Brubaker, Colorado
State University

16 color fapes/8 hours. Soles price
$3,695, Lease price $495. Plus
MST-80 Trainers (one per 5 persons)
Sales price $750; Lease price $200

OBJECTIVES Develop a design
methodology for digital systems.
Demonstrate how to implement a
design on a microprocessor Ideal for
engineers ond scientists who want fo
learn logic design and how fo imple-
ment g design on @ MiCroprocessor

3. DESIGNING WITH THE 6800

By: Dr. Michael Andrews, Colorado
State University and G. Victor Wintriss,
President of Electronic Products
Associates.

30 color tapes /15 hours. Sales price
$6,835; Lease price $1,020

Plus Micro-68 Trainer (one per 3 per-
sons). Sales price $533; Lease price
$140

OBJECTIVES: Develop expertise in
design of microprocessor-based
systems, in particular the 6800
Generate familiarity with hardware/
software interactions through effi-
cient usage of logic in problem
solving. Includes microprocessor
architectural-data sets and number
systems, mimimum 6800 system,
expansion concepts and interconnec-
tion; instruction sets-machine-
language, hardware/software inter-
play, optimal software design, inter-
face concepts-address, data and
control bus, handshaking; applica-
tions-real time control, scanning,
stacking, interface, A/D-D/A
sampling

All seminars and courses are avail-
able on video cassefte or '/2-inch
EIAJ format.

Associated workbooks and texts for
individuat use are available for each
seminar and course at extra cost

Also available ore 2,600 hours of
other courses in engineering,
science, business and management
Ask for our catalog.

For more information on the Genesys
Video Tape Library, call or write to
Charles Martin at Genesys

_m_i -~

GENESYS
SYSTEMS,
INC.

1180 East Meadow Drive
Palo Alto, California 94303
(415) 494-3701
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Increased density. Typical frequency synthesizer shown generates 80 channels, spaced 25 kHz apart, in the 133.3-t0-135.275-MHz range
(a). Number of channels in the given band may be increased by 5 by adding only one bi-quinary counter and two inverters (b). Channel

multiplication can be extended to 10 if a few more gates are added (c¢)

introduced to the carry-in port of the 4560, the average
value of N produced per given time interval is selectable
throughout the range N +0.0 to N +0.8 in increments of
0.2, enabling 400 channels with 5-kHz spacing to be
generated by the vco. The instantaneous value of N
changes, of course, and therefore the phase-locked-loop
filter shown at the output of the 4046 (a) is required to
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. N values are selected with a rotary switch and an exclusive-OR gate.

ensure that there will be minimal ripple in the control
voltage, V.. V. will thus be smoothed sufficiently to
prevent spurious signals from being generated between
adjacent 5-kHz frequencies.

A second circuit (c) uses the interpolation technique
to increase the number of channels to 800, spaced
2.5 kHz apart.
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Cell layout boosts speed
of low-power 64-K ROM

by Dennis R. Wilson,
Mostek Corp., Carroliton, Texas

A 64-K MoS read-only memory has been developed that
sets a new high for ROM density and performance.
Thanks to a layout that shares elements among many
cells and a dynamic peripheral circuit design that
reduces power and increases speed, this chip operates
typically with access times of 80 nanoseconds and power
dissipations of 150 milliwatts. That’s the best speed-
power performance yet offered by any ROM of any size.
Suddenly, the digital system designer, accustomed to
typical metal-oxide-semiconductor ROM performance in
the 350-ns and 500-mw range, has new options. He can
replace a 16,384-bit part with a new 64-K one and get a
fourfold increase in data for fixed-storage applications
yet never worry about data-entry access times being too

slow, even for the fastest MOS computer system. More-
over, the new MOS ROM is as fast as any bipolar device, so
where real-time data access is needed, as in front-end
signal-processing systems, the designer need no longer
turn to the more expensive and more power-consuming
bipolar devices.

In short, all high-speed ROM applications can now be
handled by one low-cost 5-volt MOS part. Microprogram
storage, which previously used bipolar ROMs, can now be
implemented with the higher-density and lower-power
64-Kk memory. Turnkey minicomputers that currently
use core memories for nonvolatile program storage can
now also use the fast-access ROM. What is more, as the
microprocessor market expands and the central process-
ing units available operate at greater speeds, the new
ROM can provide direct compatiblity with these parts up
through 10 megahertz. In addition, the 64-k density
allows very high-level languages to be used to further
enhance microprocessor performance.

The MK 36000 is organized as 8,192 words of 8 bits
each, a configuration best suited for the most popular
byte-oriented computer systems. The memory array
(Fig. 1) is divided into four 16,384-bit quadrants, each

ROW
TIMING AND
S N CONTROLCLOCKS ¢ —CE
,
COLUMN 1-0F-32 1-0F-32 1-0F-32 1-0F-32
AODRESS COLUMN COLUMN COLUMN COLUMN
BUFFERS DECODER DECODER DECODER DECODER
MEMORY MEMORY T MEMORY MEMORY
ARRAY ARRAY DECOBER ARRAY ARRAY
y
DIFFERENTIAL | DIFFERENTIAL DIFFERENTIAL | DIFFERENTIAL C%%TTP#JL
DETECTORS DETECTORS DETECTORS DETECTORS s
A \ B A Y Yy Al
QUTPUT
<—— BUFFERS —» S E—

1. The organization. The chip, organized as 8,192 8-bit words, is divided into four memory arrays, each of which contains the data of two
outputs. The column decoders provide 1-0f-32-column selection, while the row decoders supply 1-0f-256-row selection.
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2. Sharing. Each ROM cell shares both the output row line and decoded virtual grounds with other cells in its row. This arrangement saves
space as well as making processing less complex, since only one half a contact is needed per cell.

containing the data for two outputs. The column
decoders, shown at the top of each quadrant, provide the
required selection of 1 of 32 columns, and the row
decoders, located down the center of the chip, provide
the required 1-of-256-row selection.

Sharing

The cell-layout sharing scheme is illustrated in Fig. 2,
where the ROM cell designated Qs is shown sharing with
other cells along the row not only the cell’s outputs to the
row line but also the vertical decoded ground lines
between cells. That arrangement results in a great reduc-
tion in both cell area (0.25 mil?, compared with 0.54 mil?
for conventional cells) and process complexity (only one
half contact per memory cell).

The chip is of course built with the standard static
single-transistor ROM cell used for the last few years in
high-density RoMs. However, dynamic, or clocked,
circuitry has been chosen for the peripheral sections of
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the chip: decoders, sense amplifiers, and output buffers.
It is these clocked circuits that save power, since they are
activated only when the chip is in operation and data is
valid. Otherwise they are turned off and dissipate no
power.

Internal clocking is completely invisible to the user. In
fact, a single transistor-transistor-logic-level clock is all
that is needed to activate the chip. The negative-going
edge of the chip-enable signal initiates a sequence of
internal dynamic clocks. The first clock latches the
address signals, followed by clocks that activate the
selected row and column, transfer data differentially to
latching flip-flops in the output buffers, and finally drive
the push-pull static output stages (shown in the lower
section of Fig. 2).

Unique to 36000 is an automatic precharge sequence.
When data becomes valid at the output, a sequence of
clocks automatically recovers all the internal circuitry
except for the chip-enable input stage and the static
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3. Proper level. The 64-K 36000 ROM is extremely easy to use. Its trip leveis are well within the capability of standard transistor-transistor-
logic gates over the entire commercial range of ambient temperature and supply voltage.

Vee Vee

PRE- PRE-
cHARGE —1|_ 0o %o _|F-charge

4. Input buffer. A logic signal is provided by the difference current
between Qi and Q.. The difference allows the cross-coupled device,
Qs and Q. to be latched on the positive edge of the CE ¢, clock. This
signal in turn determines whether the logic isa 1 or 0.

output buffers. This automatically places the ROM in a
low-current mode similar to a chip-enable standby mode,
further reducing operating power.

Additional benefits

A clocked peripheral approach for the ROM design
provides other benefits besides power savings. For exam-
ple, the high-resolution dynamic sense amps are used to
provide TTL compatibility on address inputs. The ROM
guarantees a minimum logic 1 voltage level, Vg, of 2.0 v
and a maximum logic 0 voltage level, Vy, of 0.8 v.

If the ROM is to be used as a replacement for TTL
parts, an important consideration is how well the input-
fevel trip point tracks within the available V-V
window as a function of temperature, power supply, and
process changes. Variations in input trip levels for both
power supply and temperature for the MK 36000 and a
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5. Outputs. This differential sensing scheme detects the array infor-
mation and passes it to the output stage. The circuit, which does not
need to wait for full MOS logic levels, is similar to the input buffers in
its ability to resolve signals of very small magnitude.

typical TTL gate are illustrated in Fig. 3. The resolution
of the input buffer at any one operating point is typically
on the order of a few millivolts, allowing ample room for
process variations.

The input circuit used to provide TTL compatibility is
shown in Fig. 4. The input signal is provided by the
difference current between Q, and Q, in comparing the
address input level and the reference level. This differ-
ence allows the cross-coupled device, Q; and Q,, to latch
on the positive edge of the ¢ clock, and this data
determines whether the true or the complement address
goes to a valid high state. The chip-enable clock input is
the only input requiring a static stage to begin the clock
chain. The switching threshold of this stage was designed
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6. Tough performer. The chip's access time in the worst case is 100 ns, with typical readings as low as 80 ns at room temperature. Current
dissipation is well below 30 mA (a), whereas at very long cycle times, the supply current approaches the 10-mA standby level (b).

to be independent of device thresholds and to provide
characteristics similar to those of the dynamic input
buffers that offer significant power savings.

Differential sensing scheme

After dynamic decoding takes place, row and column
clocks are generated to read data out to the array. A
differential sensing scheme (Fig. 5) is used to detect
array information. The scheme enhances speed by elimi-
nating the wait for full MOs logic levels to develop.
Moreover, the circuit used is similar to the input buffers
in its ability to resolve signals of very small magnitude,
resulting in large internal noise margins. Typically, the
output sinks and sources 16 milliamperes at 0.4 and 2.4

volts, respectively, to ensure adequate drive capability.
The advantages of applying advanced circuit tech-
niques to standard n-channel processing become appar-
ent from the chip’s performance characteristics (Fig 6).
Active and standby currents of typically less than 30 ma
and 10 ma, respectively, lead to chip power dissipations
that are one third of that typically dissipated by fully
static ROMs. Moreover, the dynamic peripheral circuitry
of the 36000 is frequency-dependent, so that as longer
cycle times are used, the power approaches that of the
standby value (Fig. 6b). In addition, dynamic circuit
design techniques increase the speed threefold—from
Fig. 6a, the worst-case access time (at 125°C) is seen to
be typically 100 ns. O

V-MOS configuration packs
64 kilobits into 175-mil= chip

by Terry Holdt and Robert Yu,

American Microsystems Inc., Santa Clara, Calif.

Since a microprocessor system is only as good as its
program, the growing sophistication of such systems is
making increasingly tough demands on their read-only
memories. The new systems are more powerful and have
broader input/output capabilities, so they need bigger,
more capable ROMs. Right now, most of the more
complex applications need between 2 and 8 kilobytes of
memory storage, which opens the way to a single-chip
8-kilobyte ROM that can satisfy the performance require-
ments of such systems.

The S4264, a 64-k read-only memory that packs 8
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kilobytes of memory into a chip less than 175 mils
square, is intended to satisfy the increasing memory
demands of more complex microprocessor systems.
Designed and implemented with high-density common-
source V-groove metal-oxide-semiconductor technology
(see “It’s all in the groove,” p. 101), this fully static
design operates from a single S-volt supply. Since it
contains both memory array and sensors on chip, no
chip-enable pulse is needed. The 8,192-by-8-bit ROM,
only marginally larger than most 16-Kk ROMs on the
market, can replace four of these chips and cut system
power consumption by more than half.

Program size important

There are other answers to the demand for more
program memory. Some of the new low-end single-chip
microcomputers come replete with 1 to 2 kilobytes of
resident ROM, as well as a scratch-pad random-access
memory. Another answer is the combination chips that
integrate RAM, ROM, and 170 in order to cut the number
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1. Block diagram. The 64-K read-only memory, S4264, makes use of three decoders to decode the 256-by-256 memory matrix into an
8, 192-by-8-bit organization. The chip-select signal is buffered directly to the output stage to assure very fast chip-select times.

of system components. However, both approaches are
limited by the size of the program that can be accommo-
dated. The single-chip big ROM packs in the bits, and it
can offer significant savings in space and costs because it
packs them into one package.

Aimed at microprocessor applications, the new 64-K
memory was organized as 8,192 by 8 bits because the 8-
bit organization is by far the most popular, and because
8-K pages of words satisfy most users’ needs. Moreover,
the ROM is totally static and allows the system designer
to use only a 5-v system without having to compromise
speed or power. It has transistor-transistor-logic compat-
ibility and can sink high output currents.
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Typical access times of 250 nanoseconds and power
dissipation of 500 milliwatts make it suitable for most
high-speed microprocessor systems. However, even the
worst-case access times of 350 ns and power dissipation
of 750 mw guarantee better performance than is obtain-
able with available 16-k ROMs. For a summary of the
primary features of the S4264, including typical elec-
trical parameters, see “Taking the measure of the
S4264” on page 104.

Extremely simple timing requirements for the 4264
minimize the number of constraints placed on the
systems designer. For example, both address and output
signals are unlatched. Most microprocessors already
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It’s all in the groove

Each V-groove metal-oxide-semiconductor cell of the
S4264 is defined by the orthogonal intersection of a
diffused bit line and a polysilicon word line. The source
region of the read-only-memory transistor, which
resides at the base of the V groove, is common to the
entire array of cells. Since it requires no surface area on
the silicon chip, the resuitant savings in space makes
possible the smallest ROM cell in current production—
only 11.6 micrometers on a side.

The advantage in size for common-source V-MOS
technology in implementing high-density ROM arrays is
obvious, but its space saving does not stop there. The

random-access memories, programmable ROMs, and
microprocessors with on-chip data and program stor-
age. In V-MOS, these decoders are NOR gate arrays
that are binary-count-decoded so that the appropriate
cell is accessed with a given address.

POLYSILICON
WORD LINE

DIFFUSED
BIT LINE

same high density can shrink decoders for ROMs, ﬂ

have latched addresses, and popular 16-k RAMs have no
output latches; thus an unlatched-output 64-k ROM
should prove popular for systems requiring both a mix of
rROM and dynamic RAM. Since the chip-select input is a
normally low-going signal during TS time, it permits
expansion of the memory array and allows selecting
individual chips when the outputs are wire-ORed.

The v-MOs approach provides superior drive capability
from the memory cell, even with heavy loading on both
bit lines and common-bus lines at good speed. As a
result, only a simple inverter buffer circuit is needed to
sense the bit-line swing.

Planar n-channel Mos transistors are used only for
pass gates, push-pull circuitry, and the three-state
output-buffer load devices. Also, the use of implanted
resistors as load elements for the rest of the circuitry
means that implant modifications can achieve a range of
speed and power tradeoffs.

Chip layout is quartered

A distinctive feature of the 4264 design (Fig. 1) is the
internal organization. The circuit is divided into four
16-K quadrants, each of which has a 128-by-128 memory
matrix decoded into 2 kilowords of 8-bit depth. Since
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each quadrant is a separate entity, a power quad-select
concept is useful. During chip select, only one quadrant
is activated; the other three are automatically put on a
standby mode and dissipate essentially no power.

The address buffers amplify the address input and
generate the address complements. These signals are
then fed into the X, Y, and Z decoders, which decode the
256-by-256 memory matrix into the 8-K-by-8-bit organi-
zation. The X decode is the access to the word line, and
the Y decode is the access to the bit line. The Z decode is
the access to the quadrants and transfers a particular bit
to one of a common set of eight bit-sense lines.

A final stage of output buffering converts the internal
levels to TTL-compatible output signals. The chip-select
signal is buffered directly to the output stage, which
results in a very fast CS access time.

The X decoder is designed so that the word line is
activated only in the selected quadrant. Instead of using
a single 1-of-128 decoder, two 1-of-64 NOR decoders
operate on the appropriate word line from either side of
the quadrant. This approach resolves the layout pitch
problem between decoder and memory cell and allows
optimization of the RoM design around the access time of
the word line.

Extra programmability a plus

With 65,536 bits of ROM on a single chip, the user can
fit added programmability into a smaller space with less
power dissipation and more reliability than with 16-k
chips. All this adds up to higher performance at a lower
price per bit at the systems level.

Figure 2 contrasts two layouts of a typical S6800
microprocessor application requiring 8 kilobytes of
program memory: using four 16-K ROMs (a) and using a
64-k ROM (b). Space savings on a typical printed-circuit
board housing the memory will be more than the savings
in package area alone. The pc interconnections
composing the bus structure take considerable board
space, and the address bus, 8-bit-wide data bus, and
control bus can all be cut back.

Purely from the point of view of saving space, the 64-k
ROM comes out ahead when more than 2 kilobytes of
program memory are required (Fig. 3). The active
address lines (those having access to the true memory
cells instead of just acting as decoded chip selects)
number 13 for the 8-kilobyte range of the 64-K device vs
11 for the 2-kilobyte range of the 16-k chip. But this
increase is offset by the requirement for only one CS line
in the 64-K unit.

Program space is condensed

This savings in program-memory space should not be
regarded lightly. Often the area reductions of large
memories are associated only with large RAM arrays,
where a small savings in package size (16 vs 22 pins) or
increased bit count per package (16-K vs 4-K) is multi-
plied many times. While it is true that this space savings
is more dramatic as the data bit count increases, the
exploding use of microprocessors is accelerating the need
for condensed program memory as well. For example,
consumer applications such as programmable games and
hand-held instruments do not demand megabits of
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2. Small and simple. When built with 16-K ROMs (a), a typical microprocessor system with 8 kilobytes of program memory requires mdre
packages and bus interconnections than when it uses a 64-K ROM (b). Fewer interconnections alone account for a large savings in area.

memory, but they are very sensitive to the integrated-
circuit package count and the space required to house
these components.

Just as dramatic, and often more important, than
space savings is the reduced cost of using 64-k ROMs for
larger memory requirements. Here the savings in IiC
support hardware will be significant (Fig. 4). On the
basis of the cost of sockets for 24-pin Ics and pc-board
support costs, a 64-K ROM may run as much as $1.65
more than four 16-K units and still be cost competitive.

From a system standpoint, it makes economic sense to
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use 8 kilobytes of ROM even before the program require-
ments dictate it. For example, a 5-kilobyte program
implemented with 16-k chips runs $1.10 more in socket
and support costs than a 64-K implementation. Thus a
designer could pay this amount plus three times the unit
price for 16-K ROMs to get a 64-K device with no increase
in system costs. Of course, even if the 64-k memory sells
for somewhat more than this tradeoff cost, he could use
it for the 5-kilobyte program and have the built-in ability
to move easily to 8 kilobytes when necessary.

Deciding to move up to the 64-k level depends on
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3. Saving space. If more than 2 kilobytes of memory storage is required, a considerable amount of pc board space can be saved by using
one 64-K ROM instead of several 16-K chips. The area is normalized to the space required for a single 16-K ROM —about 1.6 square inches.

other considerations, as well. For one, a manufacturer of
a large number of systems with a program content of less
than 6 kilobytes may elect to stay with 16-K ROMs. A
company producing systems in lesser volume, where the
pc board costs are high, may well decide to take advan-
tage of the savings in system hardware and space of the
64-K ROM, even though he will not make immediate use
of all the memory available. However, in applications
where more than 6 kilobytes of program memory are
needed, a single 64-k chip is the way to go.

Yet another cost advantage for the 4264 is the
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economy of a single Ic for 8 kilobytes of memory. The
30,000-square-mil v-mMO0s chip is only 50% larger than
most 16-K devices currently available. From the stand-
point of silicon area used, a single 64-K ROM in V-MOS
occupies only 38% of the equivalent area required for
four 16-K units. While the percentage yield of the larger
64-k memory will be less for a given wafer size than for
a smaller chip, the cost for four 16-k devices will be
much greater than that of a mature 64-K ROM.

What's more, package and assembly costs drop 75%,
resulting in a substantial savings in final system cost to
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4. Comparing costs. The difference in hardware costs between four sockets and a single one is estimated at $1.65, a figure that can be used
as a measure of the cost per component in a memory system. Chart shows cost of using 16-K and 64-K ROM vs memory requirements.
Hardware costs are normalized to the cost of board support plus that of the socket for a single 24-pin IC. Cost of the IC is not included.
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1 Taking the measure of the S4264

Here is a summary of key features and electrical para-
meters for the $4264 V-groove read-only memory:
‘ ® Pin-compatible with 2708 8-K PROM, with three pins
redefined to reach addressable 8 kilobytes.
® Organized as 8,192 by 8 bits.
& Fully static: no clocks required.
& Fast access time: 250 ns.
® | ow power dissipation: 500 mWw.
" Three-state output, which can be OR-tie-compatible.
® Single power supply: 5V +5%,
® TTL-compatible inputs and outputs:
V|H = 2.0V min
Vi = 0.8 Vmax
® High output-current capability:
Vou = 2.4V (lsowce = 5 MA)
Vo|_ =04V ('sink =10 mA)

the user. This savings is far from trivial since much of
the IC component cost lies in the parts and labor required
to assemble all the components.

Besides space and cost advantages, the 64-k ROM
offers other benefits as well. For one, power is effectively

quartered on a per-bit basis relative to 16-K ROMs.

The ability of v-Mos technology to produce single-cell
memory structures of extreme density will provide not
only 128-k and 256-k ROMs, but very large erasable
programmable ROMs and dynamic RAMs as well.
Although multitransistor-cell static RAMs do not benefit
from the use of v-MOs as much as do single-cell memo-
ries, such techniques nevertheless provide smaller static
cells than are available now with other technologies.

Further reductions

The cell size of the 64-k ROM still represents
5-micrometer technology, but v-Mos lends itself to
scaling down just as planar technologies do. Operating
V-MOS static RAMs have been developed with layouts that
can further reduce chip size by at least 20%, using
optical reduction techniques.

This feature of v-MOS has not been pursued so far,
because the die sizes of the products are competitive with
existing chips fabricated with other technologies. v-Mos
development continues and, with only minor reductions
in line width and spacing, a 128-k ROM will occupy the
same area as does a 64-K ROM processed in current
planar technologies. O

Dense, interchangeable ROMs
work with fast microprocessors

by Robert Greene,
intel Corp., Santa Clara, Calif.

The recently introduced 2332 and 2364 read-only memo-
ries double and quadruple the density of today’s 16-k
devices by using an adaptation of Intel’s H-MOS process.
Moreover, being functionally compatible with each
other, earlier members of the same family, and the new
high-performance microprocessors, they eliminate the
need for redesign of the memory portion of a micropro-
cessor system each time the firmware changes.

In other words, the fast new 32-k and 64-k memories,
including the planned 32-k erasable programmable ROM,
are interchangeable with existing Intel 5-volt ROMs and
erasable PROMs. In addition, their power consumption is
substantially less than that of the earlier devices, and
their performance levels are compatible with those of
such microprocessors as the 5-megahertz 8085A-2 and
the 8086. To give the figures, the new ROMs are specified
at a maximum access time of 300 nanoseconds and a
maximum power-supply current rating of 40 milliam-
peres active and 15 ma standby.

Evaluating performance

By performing better, microcomputers are placing an
ever-increasing burden on the performance and system
flexibility of their related memory components. For
example, take the first microcomputer, the 4004, its
companion 1702A 2,048-bit erasable PROM and 1302 2-x
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ROM counterpart. With the 1702A, the chip select time
to output, tco, is only 100 nanoseconds shorter than the
total address access time, tacc, of 1,000 ns (Fig. 1).
Performance of this order is good enough for 4004 4-bit
microprocessors, but it is entirely inadequate for the
byte-oriented memory-intensive, multitask environment
of the 8080-type processors. For this kind of job, a
system designer had to move up to the 8080-compatible
erasable PROM 2708 or ROM 8308 types, which with their
tacc of 450 ns and tco of 120 ns give the processor a
handsome 330 ns to address external memory and
perform such housekeeping tasks as decoding.

Though fast enough, the 8,192-bit 2708 and 8308
device types as well their next-level 16,384-bit 2716 and
2316E counterparts have another problem. They have
only one chip-select control function (¢S) and therefore
raise the possibility of bus contention whenever they are
used in a multiprocessor configuration or in a high-
performance microcomputer system in which the central
processing unit must control a wide variety of intelligent
peripherals. Inadvertent changes in the state of the CPU
address lines can result in the unwanted selection of
more than one device at a time. Such a state of affairs is
particularly bothersome when a series of devices are
vying for the bus’s attention, as is increasingly the case
in large systems.

True, system designers have for years been plagued
with bus contention. So there exists a variety of system
configurations for making sure that one memory device
is off the bus before another is selected. As indicated
earlier, with small static ROMs such as the 1702A or
2708, for example, it is traditional to connect high-order
system address lines to a decoder and use the difference
between tacc and tco to provide time to select the correct
device (Fig. 2). This scheme allows the decoder an
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1. Good enough. The 2,048-bit 1702A read-only memory, which has a differential of only 100 ns between total address access time and chip
select time to output time, performs well enough for microprocessors like the 4004, but not for today’s high-throughput multitask devices.

adequate margin to perform its function without limiting
the overall device access time.

But this scheme does not work for large multimemory
systems, where one device could have a longer deselect
time (tpr in Fig. 1) than the others. If this happens, and
if fast external decoders are used in the system, it would
be possible for two devices to be selected at the same
time, as indicated by the shaded area in Fig. 1, Then if
one memory happens to be reading a data high and the
other a data low, their output transistors would in effect
produce a short circuit—hardly a desirable situation.

Another bus contention problem is more subtle. As
previously indicated, there is only one control function
available on the 2708, and it must double as a chip select
and an output enable. Thus any inadvertent changes in
the state of the high-order address lines (which are
inputs to the decoder) will change the device that is
selected as well as enable the output. Bus contention
again results, because the deselected device cannot get
off the bus before the selected one is on the bus.

One theoretical solution to this problem of bus conten-
tion is to specify the device output parameters—chip
select to output time, tco, and data float time, tpr—such
that there is a small margin in the region of 20 ns during
which the user is assured that the output bus will be in a
high impedance state. In reality, this does not work, as
the bus curves out of the high impedance state almost
immediately upon CS going true even though valid data
is not available until the level of tco.

Intel’s new generation has solved this problem of bus
contention by having an independent output-enable
function built right into the chip. This eliminates the
need for the external devices that have had to be
employed to confine bus contention to a particular card.
As shown in Fig. 3, pins have been provided for ushering
the data onto and off the microprocessor bus (output
enable), and automatic power control is provided by way
of the chip-enable function.

Moreover, these parts have access times short enough
for the newest and fastest microcomputers. Access time
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2. Time enough. In small static-ROM systems, to give the device's decoder enough time to perform its functions, it is traditional to connect
system address lines to the decorders and use the difference in time between access and output for chip select.
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Telling static from clocked devices

How can it be determined whether a memory is static or
clocked? Examine the data sheet waveforms. If cycle time
is equal to access time, the device is completely static. If
the cycle time is not equal to access time, a portion of the
device is dynamic, or clocked (sometimes called edge
enabled). Note that the chip-enable nomenclature can be
applied to completely static devices as well as to those
that have dynamic periphery.

Another solution is to determine whether or not CE can
be held true while addresses are changed. If new data is
produced for each successive address without toggling
CE, the device is completely static. If the data does not
change, at least a portion of the device is dynamic.

Another difference between static and clocked devices
involves the chip-select function. In a completely static
device, CS is always functionally the equivalent of output
enable, but in edge-enabled devices this is not always
true. For example, both the chip select shown on pin 27 of
the edge-enabled 2364 and the addresses are latched in
by the falling edge of the chip-enable signal. This chip-
select signal need not be maintained as a stable signal
throughout the entire memory access cycle. With
completely static devices, on the other hand, it must
remain stable throughout the entire memory cycle.

of the 32-k and 64-k devices is specified as 300 ns
maximum from the falling edge of the chip-enable signal
(CE). A selected version of the 32-K erasable PROM, the
fastest member of the family, achieves a maximum
access time of 150 ns for those microprocessor-based
systems that require extremely high performance. Like-
wise, a selected version of the 2716-2758 carries a stan-
dard access time of 350 ns.

Figure 3 shows the pinout configurations of this
expanded S5-volt family of erasable PROMs and ROMs. To
take advantage of the modular compatibility offered by
the family, the functional compatibility of device pins

18,19, 20, and 21 must be understood.

First examine the compatibility of the two oldest
members of the family, the 8-k 2758 and the 16-k 2716.
Pin 18 functions as a chip-enable, CE, being used to
enable the clocked circuitry in the new devices, as it is
the pin that substantially affects the power dissipation of
the device.

Pin 19 is A ¢ for the 2716 and must be held at V,, for
the 2758. Pin 20 is the independent (for CE) output
enable, and pin 21 is the Vpp (Vcc for read-only applica-
tions) connection.

In this arrangement, the programming voltage for
the erasable PROM enters through pin 21, Vpp, which is
normally connected to pin 24, V¢, for read-only applica-
tions, and pin 19 is either connected to ground or to
address pin A,.

The expanded tamily

The new members of the family are the 28-pin 64-k
2364 roM and the 24-pin 32-K devices, which have
identical pinouts in both ROM (2332) and EPROM (2732)
versions and so are interchangeable. They are designed
with pin 18 as the chip-enable function providing the
signal for precharging the active periphery of the
devices.

Pin 19 remains an address pin, Aj, while pin 20,
as before, stays an output-enable OE. Again, OE is the
function that allows independent control of data entering
and leaving the output bus.

As the diagram of the 32-k 2732 and 2332 devices
indicates, the erasable PROM’s programming voltage,
Vpp, is now multiplexed with OFE on pin 20. To address
the additional bits that are required as the density
increases from 16 to 32 kilobits and the devices remain
compatible, pin 21 becomes the address pin A, making
it the only pin to require special consideration when
designing a system to accept 5-v-only 8-, 16-, 32-, and
64-k devices equally well. With the 8-k and 16-k
devices, pin 21 must be connected to V¢c, whereas with
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3. A compatible tamily. The pin configurations of the 5-volt ROM and erasable PROM family —from the 8-K 2758 to the soon-to-arrive 64-K
2364 —are functionally compatible, allowing members of the family to be interchanged with virtually no changes in board layout.
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the 32-k and higher-density devices, it must be
connected to A,;. Here, system designers can treat pin 21
as an address line when designing their memory array,
and by allowing for a single board-level jumper, can use
the 8-k and 16-K devices or the 32-K and 64-K devices.

The last device shown in Fig. 3 is the densest member
of the family, the 64-K 2364 roM. Like the 32-k devices,
it is a clocked or edge-enabled part, but unlike the 32-K
designs, it is packaged in a 28-pin package, to retain
functional compatibility with the other members of the
family. Note, however, that the lower 24 pins are the
same in both 32-K and 64-K devices. Thus, if €S, (pin 26)
of the 2364 is mask-coded to be active high and
connected to V., and if the jumper provision for pin 21 is
included on the card as described above, any member of
the family can be plugged into the same 28-pin socket —
1, 2, 4 or 8 kilobytes—without there being any need for
card redesign or modifications.

This overall family compatibility is perhaps the
greatest benefit of these new ROMs and erasable PROMs.
A common printed-circuit board can be designed that,
without needing to be redesigned in each case, allows the
use of ROMs or erasable PROMs of different densities to
accommodate smart as well as dumb terminals, or to
adapt to new and more powerful software packages.

System realization

A block diagram of a system embodying all of the
concepts discussed above is presented in Fig. 4. This
configuration is implemented with the 8085 micropro-
cessor and can be either expanded to a maximum
capacity of 64 kilobytes (512 kilobits) of ROM or reduced
to 1 kilobyte (8 kilobits) simply by changing one card-
level jumper and the ROM. In the design, an open-
collector bipolar PrROM is used for the chip-enable
decoder: it allows complete flexibility of ROM or erasable
PROM placement on the system memory map.

Shown in the diagram is an 8212 address latch; but
since the edge-enabled 32-k and 64-K ROMs or erasable
PROMs contain internal address latches, the 8212
package is optional when using edge-enabled devices and
is shown in order to achieve maximum flexibility. Note
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also 28 pin sites are used, again to offer total system
flexibility at no added burden to the system.

System decoding is conditioned by the processor’s
10/M output, which is the 8085 control signal that
accommodates overlapping memory and 1/0 configura-
tions. The decode is controlled by the 8085’s address-
latch-enable signal, the one that provides demultiplexing
of the eight address/data lines.

Indeed, the only restriction on the configuration is
that the PROM used for the decoder must be of the open-
collector output variety to assure that the CE input is
maintained high or low. At the same time, the read
signal, RD, from the microprocessor is connected to all of
the erasable PROM or ROM output-enable pins, which are
in turn connected in order to provide the direct output
control that solves the output bus-contention problem
discussed earlier.

With this type of architecture, the processor always
retains control over the memory. It is not the memory
but the processor that determines which memory device
is to be selected and also when the data of the selected
device will appear on the data bus.

Power supply requirements

As for power supply requirements, all members of the
compatible ROM and erasable PROM family operate from
a single 5-v source, but the nature of the load presented
by each is somewhat different. The older 2716 and 2758
devices require a maximum 100-milliampere active and
25-ma standby current, while the 32-k and 64-k devices
require a maximum of only 40-mA active and 15-mA
standby current.

The current waveform for a single 2332 package
shows typical Icc levels of less than 10 mA during
standby and approximately 20 ma while active. Current
transients at the beginning and end of the cycle, which
are caused by the clocked periphery being activated and
in preparation for the next cycle, are easily accommo-
dated by the use of approximate decoupling capacitors,
such as a small high-frequency 0.1-uF capacitor located
at every other device, with additional bulk decoupling
located near the edge of the array.
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Engineer’s notebook

One-shot and counter multiplex
pulse-width encoders

by John Mann

Kalamazoo College, Physics Department, Kalamazoo, Mich.

Combining a seven-channel multiplexer and encoder,
this circuit generates seven pulses in sequence, each of
which has a length proportional to a control resistance in
the timing network of a monostable multivibrator. The
circuit can function as a seven-channel pulse-width
modulator if the respective control resistances them-
selves vary proportionally with audio-input voltages and
the multivibrator operates in the kilohertz region. Other-
wise, it can serve as a master-timing generator in
synchronous data systems.

The circuit may be broken into two parts— the section

comprising A, A,, and Aj, along with control circuits
that provide the multiplexing function, and the output
section, A,, which transforms R,-R; into a proportional
pulse width. The positive-going edge of the master clock,
A, generates a square-wave output that advances the
4017 decade counter, A,, and at the same time fires A,.
As the counter advances, analog field-effect-transistor
switches S,—S; place resistors R,-R; in the timing
network of A,, and the one-shot’s on time varies accord-
ingly. The RC network at the input to G, is needed to
differentiate the clock pulse so that the 555 is driven
with a short-duration (15-microsecond) trigger signal.

When the counter reaches the seventh numerical posi-
tion, it is reset. Consequently, the 4017 returns to
numerical position 0, which is channel 1, and G, turns
off analog switch Ss, lengthening the on time of A,.
Thus, end-of-pulse-train synchronization is achieved.
The entire scanning process is then repeated.

With the timing components shown, A, oscillates at a
rate of 40 hertz, generating three seven-bit pulse trains

5-15V 5—115v
+|
s N
A 10k
555 §2

1/6 4016

515V
4
. ouT
A4 7
555
6
0.1 uF

ui

0.001 uF

AH

cLocK B

Az

— 4017
5-15V DECADE COUNTER

g
ENABLE RESET

111_ 15

Complete encoder. Circuit samples and multiplexes seven-channel data simuitaneously. A,-A; sequentially scans all channels, each of which
has a control resistor (R-R;) that determines duty cycle of one-shot A.. Circuit can be used as seven-channel pulse-width modulator if each R,

can be made to vary proportionally to an audio-input voltage.
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per second. This rate can be increased easily by

decreasing the value of timing capacitance in A, and A,
The circuit can also be modified to generate up to nine

pulses simply by wiring the two remaining channels of

Calculator notes

the counter into the circuit. Numerical position 9 (pin
11) of the 4017 is then used to reset the counter. Of
course, one analog switch and one control potentiometer
per channel are also required.

SR-52 finds group delay
for Cauer filter

by Ron McGuire
ESL inc., Vienna, Va.

The group delay of a filter —the delay time as measured
for a collective band of frequencies passed through the
network —is important to circuit designers. But although
group delay information is easily obtained for most
modern filters, it is not readily avdilable for the often-
used Cauer type. This SR-52 program finds the group
delay of the Cauer type having a pole constellation with
up to one real- and seven complex-pole pairs.

The Cauer filter has become popular because it is
useful in synthesizing canonical networks (networks
having the minimum number of elements). For example,
Z(s)=(s*+1)/(s*+2s) may be expressed as
Z(s)=0.5/s+4/s+0.5/s, and so a simple T filter can be
built having 2-farad capacitors as the arms of the T and
a 0.25-henry inductor in the center.

In any general network, if the transfer function of the
network is known, then the pole-zero constellation is
known. In particular, the phase angle of the network at a
given radian frequency is the sum of the vector angles of
the zeros minus the sum of the vector angles of the poles,
as shown in the figure. Usually, only the poles of the
network are of consequence in determining filter stabil-
ity, and this is true for determining group delay also.

Knowing that the impedance function of the filter is
described by a continuous fraction enables the phase
angle of the network at a given frequency to be written
as:

. N = +
f(w) = K+tan'! Ly Y tan’ W= n 4 tant L2
Oo n=1 On n
where:
K = a network constant and is a function of the

network zeros
w = the frequency of interest

o, = the real pole
o. = the real part of complex pole n
w. = the absolute value of the imaginary part of

complex pole n
N = the number of complex pole pairs.
The group delay may then be immediately written as:

df(w _ _ 0o hl Tn On
do =B gl+w? +'§l o2+ (w—wn?) + o+ (w+w,)?
and this is the equation that the calculator solves.
Consider an example where the requirements for a

low-pass filter are defined such that the group delay is to
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§2 (rad/s)

0.0
0.1
0.2
0.3
04
05
0.6
0.7
0.8
09
1.0

NORMALIZED DELAY (s)

04 06

€ (rad/s)

(b)

Group delay. Pole-zero constellation defines transfer function of alt
networks, is all important to understanding derivation of group delay
for Cauer filters (a). Values of normalized delay for problem
discussed in text are tabulated (b).

be less than 300 microseconds from 300 to 3,200 hertz

and the filter is to have an upper cutoff frequency, f., of
3,700 Hz. Further assume that the passband ripple is to
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be less than 1 decibel peak to peak and that the out-of-
band rejection is to be greater than 20 decibels at 4
kilohertz, greater than 40 dB at 4.5 kHz, greater than 60
dB at 5 kHz, and greater than 80 dB at 14 kHz. The pole

t(Q) = [t(fu/fe) — t(fi/f)]/2xf.
and in this case it is:
t(3,200/3,700) —t (300/3,700)

te(<2)

locations for such a filter can be determined by reference 2x(3,700)
to the proper sourcebooks.! For this case, the poles are: _ (10.8—49)s _ .
o0 = 0.5618 27(3,700) 254 microseconds
a1 = 0.4636 w; = 0.5105 . .
6, = 0.2794 @, = 0.8319 Thus the filter meets the group delay specification. 0O
oy = 0.1335 w; = 0.9835
oq = 0.0383 ws = 1.0402

These values are stored in the appropriate registers as
detailed in the program instructions. A delay time is
found for each normalized frequency such that @ = f/f..
After the results are tabulated, the denormalized group
delay is found by:

References
1. Christian, Erich, and Eisenmann, Egor, “Filter Design Tabies and Graphs,™ John Wiley &
Sons, New York, 1966.

Engineer’s notebook is a regutar 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.

SR-52 GROUP DELAY PROGRAM

Locations Codes Keys Comments
000 — 005 46 11 43 00 00 40 *LBL A RCL 00°x?
006 — 012 42 00 09 43 01 08 40 STO 09 RCL 18 *x?
013 -019 44 00 09 43 00 00 55 SUM 09 RCL 00 = o
020 — 023 43 00 09 95 RCL 09 = Q2 + 02
024 — 029 42 01 09 43 00 08 STO 19 RCL 08
030 — 032 85 09 95 + 9 = } 3
find oy,
033 - 036 42 01 07 36 STO 17 “IND clear temporary register,
037 — 043 43 00 08 40 42 00 09 RCL 08°'x® STO 09 store ap? in register 09
044 — 048 43 01 08 75 36 RCL 18 — "IND
049 — 053 43 01 07 95 40 RCL 17 = x? find Q ~ Sipn
054 — 057 44 00 09 36 SUM 09 “IND } store on” + (2 = Q2n)? in register 09
058 — 061 43 00 08 55 RCL 08 =+
062 — 065 43 00 09 95 RCL 09 =
066 — 069 44 01 09 36 SUM 19 "IND
070 - 073 43 00 08 40 RCL 08°x?
074 - 080 42 00 09 43 01 08 85 STO 09 RCL 18 +
081 — 086 36 43 01 07 95 40 */IND RCL 17 = x? 2= =
087 — 090 44 00 09 36 SUM 09 “IND on? *(Q+Qn)?
091 — 094 43 00 08 55 RCL 08 =
095 — 098 43 00 09 95 RCL 09 =
099 — 104 44 01 09 43 01 07 SUM 19 RCL 17
105 — 107 75 01 95 -1 =
108 — 113 42 01 07 43 00 08 STO 17 RCL 08
114 — 116 75 01 95 -1 =
117 -122 42 00 0875 01 95 STO 08 — 1 =
123 — 126 80 00 03 06 *if pos 036 i
127 - 130 43 01 09 81 RCL 19 HLT o TP T (S
Instructions Registers
Roo O
1. Key in program 6. Specify the desired normatized frequency at
2. Enter real pole value: which the group delay distortion is to be found: Rp; — Roy oy — 0y
(Q),STO 18
{0g), STO 00 Ros N
- 7. Press A to find the normalized delay distortion,
3. Enter the real part of each pole pair: entering 2 and N for each delay calculation Rio — R -
(01), STO 01, (0,), STO 02, ... . (0;), STO 07 10 s |lfljiar ~ 7
. 8. Find t(£2y) — t(£2)). Divide answer by 27f to
4. Sp(t-:lt\:ll)f’y;;gr;émber of complex pole pairs: find the denormalized group delay g 2
5. Enter the imaginary part of each pol}’pair.
(wq),8TO 10, (wy), STO 11,.... (w;),STO 16
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Keeping
up to date
takes time

How to generate
a hyperbola with
a d-a converter

Why fine-resolution

112

pc boards use
plasma cleaning

Tape teaches
how to cool
hot equipment

Engineer’s newsletter

Did you ever wonder how many hours per week the average engineer
spends reading technical material? And what is his greatest obstacle to
keeping up to date technically? A survey of 75% of RCA’s engineers, group
leaders and managers, reported in the Oct./Nov. 1977 issue of the RCA
Engineer, gives some interesting answers to these and related questions on
engineers’ information needs.

For instance, at RcA’s facilities, engineers average 11 hours per week
during and after working hours reading material relevant to their job and
career. Group leaders read the same type of material about 2 hours more
per week, and managers average 2 hours more than the leaders. Engineers
do a little over 50% of their reading during work hours, and all three
groups do more than 50% of their reading only for job-related technical
and RCA business categories. All three categories of engineers at RCA agree
that the primary obstacle to adequate reading for keeping up to date is
insufficient time, both at work and outside of work.

Finally, engineers, leaders and managers rated themselves rather differ-
ently on how well they keep up with the state of the art. Engineers were
pessimistic, only 28% placing themselves above average, and 35% placing
themselves below average. This contrasts with leaders and managers — 62%
of the leaders and 57% of the managers saw themselves as above average
and only 6% and 9% respectively as below.

Want to assemble a hyperbolic-function generator for less than $10?
Precision Monolithics’ AN-23 application note describes how extended-
range hyperbolic functions of the form A/X and — A/X can be generated
with a low-cost bipolar—field-effect-transistor operational amplifier and a
high-speed multiplying digital-to-analog converter. Though focused on
hyperbolic-function generation, the note points up generally how a d-a
converter can be configured with feedback to generate functions. For
further information, contact Don Soderquist, Precision Monolithics Inc.,
1500 Space Park Dr., Santa Clara, Calif. 95050.

As the width of lines and spaces on flexible and rigid printed circuitry
continues to shrink below 1 mil, yields may drop if standard methods of
removing film resist are used. So a few hybrid and flexible circuit firms are
now borrowing a technique from the integrated-circuit industry — plasma
removal of the resist. To a cloud of ionized gas ions, even 0.5-mil-wide
lines and spaces are no problem since 10-to-20-micrometer features are
regularly cleaned in this way during ic manufacturing.

One undergraduate course in thermodynamics is no preparation for the
practical problems of cooling electronic equipment. A good basic training
in this subject is available in a 60-minute audiotape cassette and an 18-
page booklet with design formulas and graphs, available free from Cooling
Courses, P. O. Box 11534, Palo Alto, Calif. 94306. Topics covered at the
engineering level are heat conduction, mounting interfaces, choice of
heat-transfer methods, radiation, natural convection, forced-air cooling,
choice of fans, air-cooling fins, cooling of cabinets, forced-liquid cooling,
evaporation cooling, and thermal measurement techniques. Jerry Lyman
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our high-density rack and panel
connectors offer mil spec reliability
and they’re available off-the-shelf

QPL, UL, Mil specs

We offer high-density grid patterns
with contact spacings from .100”
to . 150" with 20 to 165 contacts,
every termination style, polarizing
pins, plus durable hardware
including lightweight aluminum
covers for cosmetic appeal, wire
clamping and strain relief. Most of
our connectors meet mil specs, are
UL recognized and have QPL
approval.

One contact to stock
An easy-to-use center jack screw
assures easy mating and locking.

One

identical,
interlocking
contact in both
the plugs and
receptacles saves you
inventory and costs.
Our hermaphroditic
Varicon®™ contact
utilizes a fork-like design
with spring action to provide four
gas-tight mating surfaces. This
positive contact pressure results in
resistance to vibration, a high
current capacity, low contact
resistance and reliability
as proven in millions of
operating hours.

Economical, off-the-shelf
Our entire line is available at

Elco Connects!
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competitive prices from your local
distributor along with product
information and application assis-
tance. All you need to do is call.

ELCO CORPORATION

Connector Division, Huntingdon Industrial Park
Huntingdon, PA 16652,

814-643-0700/TWX 510-691-3117

Interconnect Systems Division, 2200 Park Place
El Segundo, CA 90245,

213-675-3311/TWX 910-325-6602

\/\/Elco
\//\V/ Corporation

— a Gulf + Western manutacturing company

Circle 113 on reader service card 113



New products__

Hybrid a-d unit breaks 2-us barrier

Successive-approximation device in 36-pin DIP converts 12 bits in 1.8 us;
companion track-and-hold amplifier has 120-ns acquisition time

They’re not cheap, but the ADH-
8516 analog-to-digital converter and
the ADH-050 track-and-hold ampli-
fier form the smallest 12-bit, 2-us
data-acquisition subsystem available
today. And they’re not only small,
" they’re tough. Each of the hybrid
circuits is hermetically sealed in a
double-width (0.6-inch pin spacing)
metal dual in-line package and
processed to MIL-STD-883, class C.
(Screening to class B is available as
an option.)

Actually, the ADH-8516 has a
typical conversion time of 1.8 us
with 2 us specified as maximum. For
applications in which the user is able
to sacrifice resolution for additional
speed, the converter can be short-
cycled to as little as 8 bits for a
typical conversion time of 1.2 us.
Previously, this kind of speed was
available only in much larger con-
verter modules fabricated with dis-
crete circuitry.

Among the converter’s many pin-
programmable features are three-
state outputs for microprocessor
interfacing, a choice of internal or
external clocking, several triggering
modes, and a choice of six input-
voltage ranges: 0to +5 v, 0to +10
v,0to +20v, —2.5t0 +2.5v, =5
to +5v,and —10to + 10 v. For all
ranges the maximum allowable volt-
age is 1.5 times full scale.

The 8516 may be pin-pro-
grammed as a retriggerable or
nonretriggerable converter. In the
former mode, if a start-conversion
command is received during a con-
version, the ongoing conversion is
aborted and a new one is started. In
the latter mode, such commands are
ignored until the ongoing conversion
is completed. There is also a contin-
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by Mike Riezenman, New Products Editor

Fast. The ADH-050 track-and-hold amplifier
(top) and the ADH-8516 analog-to-digital
converter form a compact package that can
acquire data to a resolution of 12 bits at a
450-kHz rate.

uous-conversion mode in which the
unit will begin a cycle as soon as the
previous one is finished.

Key specifications of the converter
include a maximum linearity error of
0.012% of full scale, a linearity-error
temperature coefficient of 2 parts
per million per °C, a typical gain
error of 0.2% of full scale (trim-
mable to zero), a gain-error temper-
ature coefficient of 20 ppm/°C, and
a typical power consumption of 1.8
w. The unipolar input ranges have a
typical offset error of 5 mv with a
temperature coefficient of 15 uv/°C.
For the bipolar ranges the figures
are 10 mv and 50 uv/°C, respec-
tively. Two operating-temperature
ranges are offered: 0°C to 70°C and

—25°Cto +85°C.

Required power supplies are £15
v £3% and +5 v *5%. Typical
current drains are 23 mA from the
+15-v supply, 40 mA from the
—15-v supply, and 175 mA from the
5-v supply. In small quantities, the
basic ADH-8516 sells for $395.

Designed to work with the a-d
converter, the ADH-050 track-and-
hold amplifier is a hybrid circuit that
comes complete with an input buffer
amplifier and a 33-pr hold capacitor.
The unit has a maximum acquisition
time of 120 ns (100 ns typical), a
maximum aperture delay uncertain-
ty of 500 ps, and a 25°C droop rate
of no more than 1 mv/us. This droop
rate doubles for every 10°C rise.

For users who need a lower droop
rate, the model ADH-051 has a 150-
pF hold capacitor. This cuts the
droop rate to 0.2 mv/us while
raising the maximum acquisition
time to 600 ns. The larger capacitor
also cuts the small-signal bandwidth
of the track-and-hold stage from 15
MHz to 3.5 MHz and reduces its slew
rate from 200 v/us to 80 v/us. It
does not affect the buffer amplifier,
which has a small-signal bandwidth
of 5 MHz and a slew rate of 60 v/pus.

The amplifier, it should be noted,
need not be used. It can be connect-
ed as a high-impedance voltage
follower, as a differential amplifier,
as a single-ended amplifier, or not at
all.

The ADH-050 operates from
—55°C to +110°C and sells for
$325 in small guantities. Like the
a-d converter it is available from
stock to eight weeks.

ILC Data Device Corp., Airport International
Plaza, Bohemia, N.Y. 11716. Phone (516)
567-5600 [338]
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GCR TEGHNOLOGY IS MOVING

INTO THE MINI-GOMPUTER MARKELT.

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 sub-
system that includes 1600 bpi
as a standard feature.

This means that for the first time,

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

EE

CORPORATION
P.O. Box 8, Louisville, Colorado 80027

the rew 1900 subsystem.

STORAGE TECHNOLOGY

Please send me complete information about

mini-computers can offer the high or 1600 bpi densities e
performance features of much ¢ 100 megabyte disk dumps to
larger computers one tape reel Address
For the first time, you If improved system performance Cit
can offer 6250 bpi is important to you, the next move Y
read-write capability is yours. Call Frank Gunn toll free State Zip

with GCR format. at 800-525-2940 or send coupon

SIE SHIPPING DEPT.

Circle 117 on reader service card 117
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LAMBDA’S COMPLETE LINE OF LN SERIES

LOW COST
5 YEAR GUARANTEED

OEM, INDUSTRIAL AND MILITARY POWER SUPPLIES

LNS-z-5-0v *80 e LND-P-152 240

42 MODELS IN 5 POWER PACKAGES

Single, dual and mpu compatible outputs — up to
28 volts —up to 22 amps — UL/VDE & CSA certified -
meets mil spec STD 810C /A LAMBDA

L ELECTRONICS

|||||||||| \/xco INSTRUMENTS INC.
(O]
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5 Package Sizes, 40 Models Regulation

Single,

up to 28 volts
up to 22 amps

LN series power su
OEM, industrial and

USED WITHOUT COVERS

Dual Input

Dual, — mpu line and load — 0.1% 105-127 VAC, 47-440 Hz,
compatible models

Rippl d Noise
1.'5?%?, ?r%s, 5%\/ pk-ok Designed for Listing in UL

210-254 VAC, 47-440 Hz

Recognized Component Index

Tested and Meets All These MIL STD-810C Requirements

Low Temperature . . . Method 502.1 Procedure | ® Vibration. ....... Method 514.2 Procedure X, Xl

High Temperature . . . Method 501.1 Procedure | & Il ® Shock.......... Method 516.2 Procedure |

Low Pressure . ... .. Method 500.1 Procedure | ® Temperature Shock . Method 503.0 Procedure |

Humidity. . . .. .. .. Method 507.1 Procedure | & Il ® Fungus .. ....... Method 508.1 Procedure |
® Temperature — Altitude....... Method 502.1 Procedure | Class 2 (0°C operating)

and guaran



pplies designed for

military applications

USED WITH COVERS

New Monolithic and Hybrid OV
overvoltage protection standard
on 5V models — available as

an option on other models

Designed to Meet
VDE Specs.

isolation Resistance
10 Meg ohms

teed 5 years

Isolation Voltage
mput tc output — 4000V

Thermally Engineered
Ventilation Holes

Convection Coo!ed
no external heatsinks or
biowers necessary

Mounting
3 positions; 3 surfaces

Fungus Proof
No fungus nutrient material used

Shipped Complete with Cover
can be used with and

without cover, depending

on your application



N Series
mum repair time

MIL-R-22684
type film resistors

MIL-R-26
type wire-wound resistors

A LAMBDA
New Monolithic Overvoltage
Protector L-6-OV

A LAMBDA

New Monolithic Full Wave
Center-tap Rectifier (TO-3)
PMR-27, PMR-31

A LAMBDA

PMD-10K, 12K Series

200°C Darlington Transistor
series pass transistors (TO-3}

Heavy-duty Screw
Input-Output Connectors

Potentiometer
fully enclosed cermet

A LAMBDA
Heavy Duty 1/8 inch Thick
Aluminum Sheet Metal




VOLTAGE AND CURRENT RATINGS

5 VOLTS + 5% ADJ, 9V-12V ADJ

DUAL OUTPUT

REGULATION  RIPPLE VOLT. (V'mMaX CURRENT AMPS AT PKG  DIMENSIONS!2)

MODEL (LINE OR LOAD} (RMS) VDC. 40°C 50°C 60°C 71°C  SIZE (INCHES) PRICE

LND-X-MPU3)  0.1% 1.5 5:5% 7.0(5.95) §0(5.11)  47(4.00 3262720 X 7x47/8x27/8 $172
9-12 1.2(1.02) 1.1(0.94) 1.0(0.85) (.8(0.68)

LND-P-MPU (3) 0.1% 1.5 5:5% 14,0013.3) 12.2(11.59) 100(9.5) 75(7:13) P 11 x 4.7/8 x 4-13/32 245
9-12 2.5(2.38) 2.2(2.09) 1.8(1.71) 1,35(1.28)

+ 15 VOLTS TO = 12 VOLTS ADJ DUAL TRACKING

LND-Z-152 0.15% 1.5 15t0 0.6(0:34) (055(0.5) (45(0.41) (03(0.27) 7z 47/8x4x13/4 $ 85
£12  0.6(0.54) 055(0.5 (45(0.41) (.3(0.27)

LND-Y-152 0.1% 1.5 +15t0 1.4(1.20) 12(1.02) (9(0.77) (@(0.51) Yy B55/8x47/8x25/8 120
+12 1.2(1.02) 1.1(0.94) 0.8(0.68) 0.5(0.43)

LND-X-152 0.1% 1.5 +15t0 2.5(2.13)  21(1.79)  16(1.37) 11(0.94) x 7x47/8x27/8 150
+12 2.3(1.96) 1.9(1.62) 1.4(1.2) 0.9(0.77)

LND-W-152 0.1% 1.5 :15to 3.3(3.0) 3.1(2.8) 2.6(2.34) 2 0(1.8) W 9x5x27/8 170
+12 3.1(2.8) 2.8(2.52) 2.3(2.07) 1.6(1.44)

LND-P-152 0.1% 15 £15t0 53(5.04)  47(4.47. 39(3.71) 29(2.76) P 1144.7/8x4.13/32 240
+12 4.6(4.37) 4.0(3.80) 3.3(3.14) 2.5(2.38)

5 VOLTS + 5% ADJ SINGLE OUTPUT

REGULATION RIPPLE (MMaX CURRENT AMPS AT PKG DIMENSIONS2)

MODEL (LINE OR LOAD)  {(RMS) 40°C 50°C 60°C 71°C SIZE (INCHES) PRICE

LNS-Z-5.0V 0.15% 15 3.0(2.7) 2.7(2.4) 2.3(2.1) 1.7(1.5) Z 4.7/8x4x1-3/4 $ 80

LNS-Y-5.0V 0.1% 15 6.0(5.4) 5.1(4.6) 4.2(3.8) 3.1(2.8) Y 5.5/8 x 4-7/8 x 2-5/8 115

LNS-X-5.0V 0.1% 15 10.0(8.5) 8.0(7.6) 7.3(6.2) 5.3(4.5) X 7x4.7/8 x2-7/8 140

LNS-W-5-0V 0.1% 15 14.0(11.9) 12.2(10.4)  10,0(8.5) 7.5(6.4) W 9x5x27/8 175

LNS-P-5.0V 0.1% 1.5 22.0(20.9) 19.5(18.53) 16.5(15.68) 13.0(12.35) P 11, 4.7/8 x 4-13/32 220

6 VOLTS £ 5% ADJ

LNS-Z-6 0.15% 15 2.5(2.25) 2.2(2.0) 1.9(1.7) 1.4(1.3) Z 47/8x4x13/4 $ 75

LNS-Y-6 0.1% 15 5.6(5.0) 4.9(4.4) 4.0(3.6) 2.9(2.61) Y 5.5/8x4-7/8 x 2-5/8 110

LNS-X-6 0.1% 15 9.5(8.1) 8.4(7.15) 7.1(6.0) 5.0(4.25) X 7x4.7/8x27/8 130

LNS-W-6 0.1% 15 13.0(11.0 11.2(9:5)  9.3(7.9) 6.8(5.9) W 9x5x27/8 165

LNS-P-6 0.1% 1.5 205(19.48)  181(17.2) 15 3(14.58) 12 o(11.4) P 11x4.7/8x4-13/32 200

12 VOLTS + 5% ADJ

LNS-Z-12 0.15% 15 1.7(1.55) 1.6(1.45) 1.5(1.4) 1.3(1.2) Z 4.7/8x4x1-3/4 $ 75

LNS-Y-12 0.1% 15 4.0(3.6) 3.5(3.15) 2 9(2.6) 2.2(2.0 Y 55/8x4-7/8x25/8 110

LNS-X-12 0.1% 1.5 6.5(5.5) 5.5(4.7) 4.5(3.8) 3.3(2.8) X 7x47/8x27/8 130

LNS-w-12 0.1% 1.5 8.5(7.2) 7.2(6.1) 5.9(5.0) 4.2(3.8) W 9x5x2.7/8 165

LNS-P-12 0.1% 15 14.0(13.3) 12.4(11.8)  100(9.5)  7.3(6.94) P 11x4-7/8 x 4-13/32 200

15 VOLTS + 5% ADJ

LNS.2-15 0.15% 15 1.4(1.3) 1.3(1.62) 1 .2(1.1) 1.0(0.9) Z 47/8x4x1.3/4 $ 75

LNS-Y-15 0.1% 15 3.4(3.1) 3.1(2.8) 2.6(2.35) 2 0(1.8) Y 55/8 x 4-7/8 x 2-5/8 110

LNS-X-15 0.1% 15 5.5(4.7) 4.8(4.1) 3.0(3.35) 28(2.9) X 7x4-7/8x27/8 130

LNS W-15 0.1% 15 7.7(6.55) 6.7(5.7) 5.5(4.7) 3.8(3.15) W 9x5x27/8 165

LNS-P-15 0.1% 15 12.0(11.4) 10.6(10.1) gs5(8.1) 6.3(6.0) P 11x4-7/8 x 4-13/32 200

20 VOLTS £ 5% ADJ

LNS-Z.20 0.15% 15 1.0(0.69) 0.85(0.77)  0.65(0-59) (.45(0.41) Z 4.7/8x4x1.3/4 $ 75

LNS-Y-20 0.1% 15 2.7(2.45) 2.5(2.25) 2,0(1.08) 1 .3(1.2) Y 5.5/8 x4-7/8 x 2-5/8 110

LNS-X-20 0.1% 15 4.4(3.75) 3.6(3.1) 2.6(2.2) 1.6(1.4) X  7x47/8x27/8 130

LNS-W-20 0.1% 15 6.1(5.2) 5.2(4.4) 4.2(3.6) 3.0(2.6) W 9x5x27/8 165

LNS-P-20 0.1% 15 10.0(9-5) 8.9(8.46)  75(7.13) 55(5.23) P 11x4.7/8x4-13/32 200

24 VOLTS 5% ADJ

LNS-Z-24 0.15% 15 0.9(0.81) 0.75(0.68) (0 .6(0.55) (.4(0.36) Z 4.7/8x4x1.3/4 $ 75

LNS-Y-24 0.1% 15 2.3(2.1) 2.1(1.9) 1.7(1.5) 1.1(1.0) Y 55/8x 4-7/8 x 2-5/8 110

LNS-X-24 0.1% 15 3.8(3.25) 3.2(2.75)  2.4(2.0) 1.4(1.62) X 7x4-7/8x27/8 130

LNS-w-24 0.1% 1.5 5.4(4.6) 4.6(3.9) 3.7(3.1 2.5(2.1) W 9x5x27/8 165

LNS-P-24 0.1% 15 9.0(8.55) 8.0(7.6) 6.7(6.37) 5 0(4.75) P11 x4-7/8 x 413/32 200

28 VOLTS + 5% ADJ

LNS.Z-28 0.15% 15 0.8(0.75) 0.65(0-6)  05(0.45)  ( 35(0.32) Z 4.7/8x4x1-3/4 $ 75

LNS-Y-28 0.1% 15 2.0(1.8) 1.8(1.865) 1.5(1.35)  1,0(0.9) Y 55/8x4.7/8x25/8 110

LNS-Xx-28 0.1% 15 3.4(2.9) 2.9(2.5) 2.2(1.5) 1.2(1.0) X 7x47/8x27/8 130

LNS-w-28 0.1% 15 4.7(4.0) 4.,0(3.4) 3.2(2.75) 2 .2(1.9) W 9x5x2.7/8 165

LNS-P-28 0.1% 15 8.0(7.6) 7.1(6.75)  §,0(5.7) 4.5(4.28) P 11x4.7/8 x 4-13/32 200

NOTE- 1. Rating in Parenthesis for LN Series when cover is used

2. Dimensions include cover
3. Includes OV protection on both outputs (5V OV trip point is 6.6 + .2V fixed: 9—12V OV trip points is 13.7 + .4V fixed)



SPECIFICATIONS OF LN SERIES

DC Output
Voltage range shown in tables
Regulated Voltage

regulation, line .. ... 0.1% (0.15% for LN-Z)
regulation, load . . . . . 0.1% (0.15% for LN-Z)
ripple and noise . . . . . 1.5mv RMS, 5mV pk-pk with

either positive or negative termi-
nal grounded.

temperature
coefficient .. ..... 0.03% /°C
remote programming
resistance . ....... 200 ohms per volt nominal
remote programming
voltage . . . ....... volt per volt
AC Input
line............. 105-127 VAC, 210-254 VAC

(by transformer tap change)
47-440 Hz. Consult factory for
operation at frequencies other
than 57-63 Hz.

Efficiency (Typical) . . 30%-5V and 6V models, 42%
12V and 15V models, 49%-20V,
24V and 28V models. 42% for
LN duals except LND-MPU
which are 34%.

Ambient Operating Temperature Range
Continuous duty from 0° to +71°C with corresponding
load current ratings for alt modes of operation.

Storage Temperature Range
—55°C to 85°C

Overload Protection

Electrical

External overload protection, automatic electronic
current limiting circuit limits the output current to a
preset value, thereby providing protection for the load as
well as the power supply.

Thermal

Thermostat — automatically reset when overtemperature
condition is eliminated.

Overshoot

No overshoot on turn-on, turn-off or power failure.
Overvoltage Protection

Overvoltage protection module crowbars output when
trip level is exceeded — standard on all 5V models and
both outputs of models LND-X-MPU and LND-P-MPU.
For other models see back cover.

Input and OQutput Connections
Heavy-duty screw terminals on printed circuit board.

DC Output Controls
Simple screwdriver adjustment over the entire voltage
range.

Tracking Accuracy (Dual Tracking Models Only)
3% absolute voltage difference, 0.2% change for all con-
ditions of line, load and temperature.

Remote Sensing

Provision is made for remote sensing to eliminate effect
of power output lead resistance on DC regulation.
Mounting

Three Mounting surfaces, three mounting position. One
mounting position for LN-P models.

Convection Cooled
No external heat sinking or forced air required.

Transformer
MIL-T-27C. Grade 6; Electrostatic shield; 4000 VAC
input/output isolation.

Isolation Rating
Minimum 10 Megohm isolation from DC to ground at
ground at 1000 VDC.

Fungus Proof
No fungi nutrient material used.

Military Specifications
The LNS series has passed the following tests in accor
dance with MIL-STD-810C

1) Low Pressure — Method 500.1, Procedure |.

2) High Temperature — Method 5011, Procedure | & I1.

3) Low Temperature — Method 502.1, Procedure 1.

4) Temperature Shock — Method 503.0, Procedure |.

5) Temperature — Altitude - Method 504.1, Procedure .
Class 2 (0°C operating)

6) Humidity — Method 507.1, Procedures | & I1.

7} Fungus - Method 508.1, Procedure |

8) Vibration — Method 514.2, Procedures X & XL.

9) Shock — Method 516.2, Pracedures | & {11

MIL-1-6181D — Conducted and radiated EMI with one
output terminal grounded.

Physical Data

Weight
Package Lbs. Lbs. Size
Model Net Ship Inches
LN-Z 3 31/4 4-7/8 x 4 x 1-3/4 (w/cover)
4-7/8 x 4 x 1-5/8 (w/o cover)
LN-Y 5 5.1/2 5-5/8 x 4-7/8 x 2-5/8 (w/cover)

5-6/8 x 4-7/8 x 2-1/2 (w/o cover)
LN-X 73/4 8-1/4 7 x4 7/8 x 2-7/8 (w/cover)

7 x 4-7/8 x 2-3/4 (w/o cover)
LN-W 9 09-1/2 9x5x27/8 (w/cover)

a x 4-7/8 x 2-3/4 (w/o cover)

LN-P 14 15-1/2 11 x 4-7/8 x 4-13/32 (w & w/o cover)
LND-P 15-1/2 17 11 x 4-7/8 x 4-13/32 (w & w/o cover)

Finish

Gray, Fed. Std. 595 No. 26031.

UL/VDE

Designed for listing in UL Recognized Components
Index.

Designed for listing in VDE Index.

Accessories

Overvoltage protectors (standard on 5V models and
models LND-X-MPU and LND-P-MPU).

Guaranteed for 5 Years

Byear guarantee includes labor as well as parts.
Guarantee applies to operation at full published
specifications at end of 5 years.



6 Amp Monolithic OV Protectors
$5.00 Qty 1 $3.40 Qty 1000

TO-3 PACKAGE, NO EXTERNAL
COMPONENTS NEEDED

Overvoltage Protector Performance Specifications

LAMBDA OVERVOLTAGE PROTECTORS
L-6-OV, L-12-0V, L-20-0V, L-35-OV Series

General Description

The Lambda overvoltage protector prevents damage to the load caused by excessive power supply output voltage due to improper adjust-
ment, 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 a preset limit voltage has been exceeded. The trip-point limit voltage cannot be adjusted. To
reset overvoltage protector, remove AC input to power supply allow overvoltage protector to cool, and reapply power.

*For sinusoidal current duration of 8.3 milliseconds max.

LEOV L1120V 1200V 1.35.0V **Case temperature for overvoltage protector in non-con-
SERIES SERIES SERIES SERIES ducting or "OFF" state.
PARAMETER YM MiN | max | miN | max [ miv ] max [ min [ max . .
& s‘: o sl BOL | MIN & u 2 o m A ***Case temperature for overvoltage protector in conducting
n State Curran - - - -
pr— :c 25V T v T or “ON" state. Power must be removed and case tempera-
tata Voltay - & - - - X - . . .
" * e ture aliowed to drop to 100°C before application of out-
Non-Repetitive Psak
Surge Current® 5 - e - 2004 - 260A - 3504 put voltage.
Standby Currant ‘S - 25mA - SmA - 5mA - SmA
Operating Tomperature [ | a°c | +100° |-40°¢ | +100° | -a0°c | +100°¢ | 0% | +100°C The overvoltage protector must be mounted on external
ing)** ce |- - X S L
::'“k""’)r - heat sink to maintain case temperature below rated limit.
perating Tamperaturs o, ° o o, ©, o o o . .
{Conducting)®** Teg [40°C| +150°C |-40°C | +140°C | 40°C [ +140°C | -40°C | +140°C When the overvoltage protector is used with a Lambda power
Storage Temperature Tg  [40°c|+150°c [40°C| +125°C | 40°c [+125°C | 40°C [ +125°C supply, the power supply chassis acts as the heat sink. The
Powsr Dissipation g 150 L-12-0V, L-20-0V, L-35-0V, overvoltage protector is supplied
(3 W . ! A
S,’,i,,, 15WC o with mating connectors for pins on overvoltage protector (+V
sbove 50°C and -V engraved on unit).
Thermal Resistance LP 1.0°cw
SUPPLY TRIP POINT PRICE PRICE PRICE PRICE
VOLTAGE VOLTAGE A 6AMP QTY QTY QTY QTY 12AMP QTY QTY QTY QTY 20AMP QTY OTY QTY QTY 35AMP QTY OTY QTY QTy
(VOLTS)  (VOLTS} MODELS 1 100 250 1000 MODELS 100 250 1000 MODELS 1 100 250 1000 MODELS 1 100 250 1000
5 66¢.2 LGOVS 86 $4 $375 $340 LI20V5 $11 88 $750 $6.80 L200V-5 $16 $11.20 $1050 $950 L.350V-5 $20 $14.40 $13.60 $12.30
6 73: .2 L6EOVE 5 4 375 340 L120V6 11 8 750 680 L200V6 16 11.20 1050 950 (.350vV-6 20 14.40 1360 1230
[ 105+ .4 L60ve 6 4 375 340 L120v0 N 8 750 6.0
10 11.0:.5 LBOV 10 5 4 375 3.40
12 1374 L6-0v12 & 4 375 340 L120v-12 11 8 750 680 L200V-12 16 1120 1050 950 L-350V-12 20 1440 1360 12.30
15 17.0¢ 5 L-6-OV-15 5 4 375 340 L12:0vVa5 M 8 7.50 6.8¢ L-200Vv-15 16 1120 1050 950
18 20.5¢1.0 L6OVIBE 5 4 375 340
20 2284¢.7 L6OV20 5 4 375 340 L920V20 M 6 750 680 L200vV-20 16 1120 1050 950
24 273+ 8 L60OvV-2a 5 4 375 340 L120v24a M 8 750 680 L200V-24 16 1120 1050 950
28 IR ERN ] L6OV28 8 4 375 340 L12:0v-28 1M 8 750 880 L200v23 16 1120 1050 9.50
30 335410 L120v30 11 8 750 680 1 200v-30 18 1120 1050 9.50
AVOLTAGE TOLERANCE MAINTAINEO OVER 0.71°C OUE TO POWER DESIGN
e L-20-0V
T0 L-12-0V :
3 L-35-0V =
L6 OV \
= -
\ —
MONOLITHIC 1-1/2 x 11/16 x 3/4 (inches) 3-3/8 x 15/32 x 19/32 (inches)

ALambda staffed sales and service offices

ATLANTIC REGION
Melville, New York 11746
515 Broad Hollow Road
Tel. 516 694 4200
TWX 510 224 6484

Long Island, N.Y.; New York, N.Y.;
Northern New Jersey
Tet. 516-694-4200

: Eagtern P y
Southern New Jersey
Tel. 215 279-5644

Maryland; Dist. of Columbia:
Northern Virginia
Tel. 703 451.9340

PRINTED IN USA

Southern Virginia;
North & South Carolina:
Alabama; Georgia;
Tennessee; Mississippi
Tel. 704-542 1991

Largo, Florida
Tel 813596 5151

Poughkeepsie, New York
Tel. 914.297.4800

NORTH-EASTERN REGION
Lexington, Massachusetts 02173
2 Milia Drive
Tet. 617 8618585
TWX: 710-326.7558

Rochester, New York
Tel. 716-454.6770

SOUTH-WESTERN REGION
Dailas, Texas 75231
6950 Winchester
Tet 214 3415130
TWX 910861 9048

Oklahoma
Tel Enterprise 2 183

MID-WESTERN REGION
Arlington Heights, Iil. 60005
2420 East Oakton St., Unit O
Tel. 312.593 2550
TWX. 910-222 2856

Minneapolis, Minnesota
Tet 6129356194

Cleveland, Ohio:
Western Pennsylvania
Tel 216 585 7808

FAR-WESTERN REGION

Carson, Calit. 90746
20601 S Annalee Ave
Tel 213-537-8341
TWX 910-346-7649

Denver, Colorado
Tel 303-779-9561

NORTH-WESTERN REGION
Sunnyvale, Calitornia 94086
599 N Mathilda Ave., Suite 210
Tel 408 738 2541
TwX 910339 9243

LAMBDA MANUFACTURING PLANTS

Meiville, N.Y.
Plant 1 515 8road Hollow Rd.
Plant 1t 1770 Walt Whitman Rd.
Reynosa, Mexico
Corpus Christi, Texas
121 International Dr.
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ELECTRONICS

owmsonw (Yfoeco) marmmturs e



That new product...

whereisit
now that

How often do you have to go back through magazines and
journals, searching for the specific development that's
needed on one of your design projects? You noticed it then,
but you need it now. State-of-the-art products, arranged by
application, are easy to find in this newest addition to the
Electronics Books Series.

Compiled from recent issues of Electronics Magazine, this
reliable reference presents up-to-date, usable information
on important materials and equipment. It's more convenient
than going back through periodicals . . . more current than
textbooks.

From the simple to the complex

Covered here is a wide range of products from simple
resistors to sophisticated automatic testing machinery.
More than 500 manufacturers are represented from through-
out the world—all cross-referenced in an easy-to-use
company index.

Functional ... dependable

The emphasis is on listing products according to function,
making this a true problem-solving guide. And all product
information was researched by the editors of Electronics
through direct contact with the people responsible for the
product’'s development.

Electronics Book Serles
P.O. Box 669, Hightstown, NJ 08520

1. Microprocessors

Send me copies at $8.95 per copy.
2, Applying Microprocessors

Send me copies at $9.95 per copy.
3. Large Scale Integration

Send me copies at $9.95 per copy.
4. Basics of Data Communications

Send me copies at $12.95 per copy.

5. Circuits for Electronics Engineers
Send me copies at $15.95 per copy.

6. Design Techniques for Electronics Engineers
Send me copies at $15.95 per copy.

7. Memory Design: Micr p to Maint
Send me copies at $12.95 per copy.

8. New Product Trends in Electronics
Send me copies at $14.95 per copy.

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

e —

ouneedit?

New Product Trends in Electronics
by the editors of Electronics Magazine
333 pages, $14.95

Find out all about the latest

- amplifiers - computers

- industrial equipment - components

- semiconductors - instruments

- power supplies - packaging and production
- displays equipment

- memory products - data converters

- communications equipment

Among the hundreds of manufacturers included. ..

Allen-Bradley irtel

American Microsystems Inc  International Rectifier
Analog Devices Motorola

Analogic National Semiconductor
Bourns Philips

Burr-Brown Systron Donner

Dana Laboratories Tektronix

Datel Systems Teledyne

John Fluke Texas Instruments
Hewlett-Packard TRW

Order today, and don’t forget the other
valuable books in the Electronics Books Series
listed in the coupon below.

If after my 10-day free-trial examinat on | am rot fully satisfied | understand
that my payment will be refunded.

[ Payment enclosed ] Bilt firm [JBi1 me
Charge to my credit card:
[0 American Express [ Diners Club

[0 BankAmericard/Visa [ Master Charge*

Acct No. Date Exp.

*On Master Charge only. first numbers abova name____

Name Title

Company

Street

City State Zip

Signature

<« Circle 121 on reader service card



is transistor-transistor-logic-compat-
ible, and has three-state data out-
puts. Also, the operations mode,
baud rate, and synchronous char-
acter of the unit can be changed
through the use of external control.
This chip can be used in such
equipment as telephone systems,
modems, and cathode-ray-tubes and
other types of terminals. The
pPD379 is priced at $16 each in 100-
unit quantities.
NEC Microcomputers Inc., 5 Militia Dr.,
Lexington, Mass. 02173. Phone (617) 862-
6410 [412]

Two fast-switching SCRs
rated at 10 and 25 us

Motor controls and uninterruptible
power supplies are the major appli-
cations for which two fast-switching
silicon controlled rectifiers have been
developed. One switches in 10 us and
has ratings of 100 to 800 v, 400 to
475 A average current. The other
switches in 25 us and is rated at
350 A average current and at
voltages up to 1,200 v.

Applications for the 10-us SCR
include ac motor control and elec-
tric-vehicle chopper controls. Unit
price of the 400-A, 800-V device is
$288.50 in quantities of 1 to 9.

The 25-us device can be used for
induction-heating and motor control
inverters. The 350-A, 1,200-v device
is priced at $326.25 each in quanti-
tiesof 1t0 9.

Semiconductor Div., Westinghouse Electric
Corp., Youngwood, Pa., 15697. Phone (412)
925-7272 (413]

Electronics /March 30, 1978

Monolithic 10-bit converter
has 250-ns settling time

Intended for use in one- and two-
quadrant multiplying circuits, one-
quadrant dividers, digitally con-
trolled attenuators, and fast fixed-
reference digital-to-analog convert-
ers, the model DAC-IC10BC mono-
lithic 10-bit d-a converter achieves a
250-ns settling time for a full-scale
output change. Linearity is X'z
least significant bit typical and %1
LSB maximum. Any external refer-
ence current programs the scale
factor and may be varied over a 4-to-
1 range. Output current is 0 to 4 mA
with an output voltage compliance of
—25vto+0.2v.

Power supply requirement is +5 v
and —15 v with a typical power
dissipation of 220 mw. Price is
$10.95 in 1-24 quantities, and avail-
ability is from stock.

Datel Systems Inc., 1020 Turnpike St.,
Canton, Mass. 02021. Phone (617) 828-
8000 {415]

Solderless process
yields durable SCRs

Thanks to a construction process
developed in West Germany, a new
series of silicon controlled rectifiers
boasts test results of 200,000 ther-
mal cycles versus an average of only
10,000 cycles for similar devices.

The FMC series 240 and series 300
are produced with a free-floating-
silicon construction designed by FMC
licensee Brown Boveri & Cie.
Because it is a solderless technique,
the flatpack sCrRs do not fail as
quickly as soldered devices from
thermal fatigue. The series 240 is
rated at 255 A, 400 A rms, and has a
case tempco of 87°C. Comparable
figures for the series 300 are 300 A
average, 470 A rms, and 87°C.

User can choose a dv/dt rating
including a full 1,000-v/us or 200-,
300-, or 500-v/us performance.
Prices for the series 240 (200 v/us)
begin at $105 in quantities of 1 to 4
and for the series 300 (200 v/us),

Circle 133 on reader service card

SAVE
YOUR
CHIPS...

o

| SOURCE

The U,CU Series

E3 INPUT PROTECTION:
Over/Under Voltage
Shutdown-Standard

[ CHIP PROTECTION:
Clamped Logic Outputs

& INPUT RANGE TO 4:1:
9-36V...18-72V...28-90V

(5] UP TO 25 WATTS OUT:
Singles-Triples-Quads

See Us in EEM and Gold Book

Get The Facts Fast, Circle the
number for Free Catalog.

We’ll also include the new issue
of our power supply journal,

WATTS UP...

=

SEMICONDUCTOR
CIRCUITS, INC.

218 RIVER ST., HAVERHILL, MA 01830
Tel. (617) 373-9104, TWX. 710-347-0269

133



PDP-11" interface
from DB

Peripheral Device Controllers = Systems Modules
General Purpose Interface Modules
Communications/Terminal Modules

I/O Cables » Accessory Hardware

When it comes to PDP-11 in-
terface, MDB has it;

[J Peripheral Device Con-
trollers for most mafor
manufacturer's

Printers

Card equipment

Paper tape equnpment
Plotters ARSI

2

[J Systems Modules /%

IEEE mstrurnentaf
bus

Access snngle q
module \

DR11C ‘Geheral ﬁtr

pose lnterfac anod: 4
/ ule, a d(regi % ”
P

equivale 1
 Digital fro"w}oduw/
Unibus 'Ferm(na'tor
3 Gene l?ur oé'e lrn
facesl:a:‘l P w‘?

ﬂa‘ Dnreci Memor
Access” Wlth 12, OC

positions for ué‘er f‘ﬁs

logic ; £
11C Module ‘th ‘16
bit input and 16 bit"
output registers; 20 4
user wire wrap posi-
tions

1710 Bus Foundation
Module with pins for
40 user IC positions
Wire Wrappable Mod-
ule with pins for 70
user IC positions

o

*TM Digital Equipment Corp

Circle 180 for LSI; 181 for PDP;

DR11B DlreCTWm ry 7/

Communications/
Terminal Modules
. MDL-11 Asynchronous
& Serial Line Adapter
.. MDL-11W Asynchro-
\'\.‘\\\ nous Serial Line Adapter
\mthf ine frequency clock

Do MDU 11 Synchronous

 dk ﬁk" '\ Senal Line Adapter

L_' CabJe Subassemblles

AR w cable ‘ for .20mA

nCukrent loop - =
lchables for EIA- Asyn-

%P l/(%Op '40 34, 26

cqnducfor ribbon

m interf mucts alwyays
ual % host manufac-
turey, ations and perfor-
&o ar interface. MDB
%a \a%completely software
the host computer.

Bp cts are competitively
prided, delivery is 14 days ARO or
oQner.
MDB places an unconditional
ene year warranty on its controllers
«.and tested products. Replacement

tboards are shipped by air within
twenty-four hours of notification.
Our service policy is exchange and
return.

MDB also supplies interface
modules for LSI-11*, Data General
and Interdata computers. Product
literature kits are complete with
pricing.

1995 N. Batavia Street
D Orange, California 92665
[ ] 714-998-6900
SYSTEMS INC. TWX:910-593-1339
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$110 in quantities of 1 to 4. Delivery
is immediate.

FMC Semiconductor Products Division, 800
Hoyt St., Broomfield, Colo. 80020. Phone
(303) 469-2161 [414]

7.5-A power transistors
rated up to 400 V

Three power transistors, models
XGSQ7530, XGSQ7535, and
XGSQ7540, feature a Vego of 300 v,
350 v, and 400 v respectively. These
devices are both current-gain- and
saturation-voltage-rated at 7.5 A.
Peak collector current is 15 A.
Switching speeds are typically less
than 1 us at 7.5 A, while collector
saturation voltages are typically
0.3 v. Applications include high-
speed switching, power conversion,
converters, inverters, and Class C
and D amplifiers. The devices are
packaged in TO-66 metal cases.
Prices for 1-99 quantities are
$5.85 XGSQ7530, $6.25 for the
XGSQ7535, and $7.10 for the
XGSQ7540. In quantities of
100-999, prices are $4.65, $5, and
$5.65 respectively. Delivery is from
stock.
General Semiconductor Industries Inc., 2001
W. 10th PI., Tempe, Ariz. 85281. Phone Jim
Williams at (602) 968-3101 [417]

Darlington transistors
geared for industrial motors

Three monolithic Darlington tran-
sistors, SVT6060, 6061, and 6062,
are aimed at high-speed power
circuits that operate at switching
frequencies of 10 kHz and higher.
They have a dc current gain of 30 at
15 A and peak collector current of 25
A. Rise time is 0.4 us, and fall time is
1.0 us. Junction temperature range is
—50° C to +150° C, and power
dissipation is 96 w.

The SVT6060 sells for $5 to $6 in
quantities of 100 to 999. Delivery is
from 4 to 8 weeks.

Electronic Components Division of TRW Inc.,
14520 Aviation Blvd.,, Lawndale, Calif.
90260. Phone (213) 679-4561 [416]
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New products

Data handling
Basic interpreter
aimed at hardhats

Programming in high-level
language gets 8080-based
systems running quickly

Most process-control engineers will
welcome any aid in adapting to
microprocessor-based controls. Now
help is available for those building
8080-based controllers: they can do
all their programming in a high-level
language and avoid assembly-lan-
guage altogether by using a Basic
interpreter geared toward process
control.

Xybasic, sold through the Mark
Williams Co., Chicago, 1ll., has two
parts: a 7-kilobyte interpreter with
built-in editor, and a 5-kilobyte
compiler/run-time package, which
lets programs be put directly into
programmable read-only memory.
After loading Xybasic into a devel-
opment system or microcomputer,
the user simply writes a program and
then debugs it interactively at a
terminal in Basic.

Without a high-level program-
ming aid, the normal process re-
quires writing the program in the
8080’s mnemonic code, loading it
into an editor and then into an
assembler, and assembling, reload-
ing, executing, and finally debugging
it. Any changes require repetition of
all the above steps.

With the Xybasic package, how-
ever, all that is needed is to load the
interpreter into the microcomputer
(from either paper tape, cassette
tape, or floppy disk), run through a
short initial dialog, type in the
program in Basic, and execute it. If a
bug is found, the program can be
changed and executed again without
the need for any additional loading.

Besides the standard Basic com-
mands, Xybasic has many features
that make it especially useful for
process control. In such applications,
which often involve a lot of switching
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on and off of valves at several loca-
tions, a high-level language must
permit easy bit manipulation and
access to ports and registers at the
machine level—and Xybasic does
that. PEEK and POKE commands let
the user examine and modify any
locations in the computer’s memory.
IN and OoUT commands allow input
and output at the machine level.
Each individual bit on any port can
be looked at with the SENSE
command.

A DELAY command, not found in
standard Basic, lets real-time delays
be built into a program and can save
the cost of adding a real-time clock
to a computer system. Another aid is
Xybasic’s software-interrupt feature.
For example, if a process is to be
heated to a certain temperature, an
interrupt can be inserted that contin-
uously monitors a digital thermo-
meter. The program will automati-
cally shut down the heat once it
reaches the desired temperature,
which is entered at the keyboard.

Xybasic incorporates a powerful
direct mode that makes the comput-
er behave almost like a calculator,
yielding instant responses. Normal-
ly, a program is written with
numbered statements and then ex-
ecuted. But with the direct mode,
each command is executed immedi-
ately after it is typed in, making it a

quick means of testing and debug-
ging. In the direct mode a value can
be put into or read from an 170 port
directly.

Xybasic is available immediately
at $295 each for the interpreter and
compiler/run-time package. The
manual can be bought for $20.

Mark Williams Co., 1430 W. Wrightwood
Ave., Chicago, Ill. 60614. Phone (312) 472-
6659 [361]

Distributed computer system
emphasizes communications

The level 66/DPS is a large-scale
distributed-processing system with a
64-kilobyte minicomputer-based in-
tegrated network processor that ac-
cepts up to 96 communications lines.
The communications-oriented com-
puter, in its basic configuration,
includes twin information processors
in one cabinet, a single systems
control unit, an input/output multi-
plexer, and 1 megabyte of main
memory. A single operating system
controls both information processors.
The price of the basic system is
$957,215 with a monthly mainte-
nance fee of $3,350. The same
system is available on a five-year
lease for $23,405 per month. Main
memory can be added in increments
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We stand out in standoffs
and spacers, both
regular and hinged. Not
to mention our complete
line of electronic
components

To give you an idea of how we
cover you: In standoffs and
spacers alone, we carry over
300 assorted sizes and styles
Aluminum, brass and
phenolic, tapped or thru-hole
for all thread sizes. We have
them for every possible
application.

HINGED SIIINIIIIHS

In hinged standoffs we have a
variety of sizes. Ideal for P.C.
Boards and Terminal Boards,
to give you easy access for
testing and faster main-
tenance. The applications are
unlimited and time saving. You
cut the cost of servicing your
equipment and interconnect
circuits without danger of shorting.

So, whatever you want, the
odds are we have it —
catalogued for your quick

and easy selection. And for
immediate delivery from stock.
What we do not catalog, we
can design and make for you
in any size or material

(There's no charge for our

engineering service.) We do !
everything ourselves, both Wi g |

designing and manufacturing
All of which makes for high
quality and low prices

[ ‘ Jnu-w
Yy -

Ask for our new 3 color easy-to-read
8Y2" x 11" Engineering Wall Chart. it's Free!

NEW FREE CATALOG ON REQUEST

KEYSTONE

ELECTRONICS CORP.
TWX 710-581-2861 CABLE-KEYELCO
49 BLEECKER STREET, NEW YORK, N.Y. 10012 212-475-4600
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New products

of 512 kilobytes to the 2-megabyte
level, then in 1-Mbyte increments to
a maximum of 8 Mbytes.

Honeywell information Systems, 200 Smith
St., Waltham, Mass. 02154. Phone (617)
890-8400, Ext. 3247 [363]

Add-on memory board
stores 5 megabytes

Claimed to be the industry’s largest
add-on memory system, the MK
8600 is a versatile memory chassis
with a total capacity of 5 megabytes.
Intended both for mainframe add-on
and for disk replacement, the chassis
uses Mostek’s MK 8000 memory
card. Standard access time is 250 ns
with a cycle time of 450 ns. Units
with access times below 200 ns are
available on request.

The MK 8600 chassis can be
configured to hold up to 16 MK
8000 boards, each of which can
provide from 16,384 18-bit words to
131,072 24-bit words. In addition
there are four slots for 170 boards
and such features as byte control,
busable addresses and data, and a
choice of either inverted or nonin-
verted data.

For applications that do not
require the 5-megabyte capacity of
the MK 8600, Mostek is offering the
I-megabyte MK 8601. The units
have a delivery time of 60 days.
Price depends upon size and speed of
memory and on interface require-
ments.

Mostek Memory Systems, 1215 West Crosby
Rd., Carroliton, Texas 75006. Phone Bill
Smith at (214) 242-0444, Ext. 2554 [364]
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New products

Communications
Fiber-optic
links work
to 20 MHz

For use over distances of a few
meters to about a kilometer, a family
of fiber-optic analog links can oper-
ate at frequencies of 10 Hz to
20 MHz. Key specifications of the
system are a minimum signal-to-
noise ratio of 50 dB at a peak-to-
peak input of 1 v, 1% maximum
nonlinearity, 5% maximum pulse
overshoot, and gain flatness within
t1ds.

The standard models operate from
a line voltage of 115 v at 40 to
400 Hz, but dc-powered models are
also available. These require only a
single supply in the range of +15 to
+24 v. Units in the Fibercom line
are well suited for applications in
baseband color TV transmission,
pulse monitoring, and the distribu-
tion of standard time and frequency
signals in noisy environments.

Various nonstandard models with
different optical wavelengths and
power levels are available, as is a
model with high-impedance input
circuitry in the transmitter for use
with oscilloscope probes. Users who
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want to exploit the system’s full
20-MHz bandwidth must buy the
optional high-speed photodetector. A
variety of light- and heavy-duty
single-fiber optical cables is also
available.

The basic system, without cable,
sells for $725. It is available from
stock to four weeks.

Radiation Devices Co., P. O. Box 8450, Balti-
more, Md. 21234, Phone (301) 628-2240
[401]

19,200-b/s modem operates
over 25-mile wire links

Com-Link III is a short-haul modem
that operates at strap-selectable
speeds of 2,400 to 19,200 bits per
second over wire circuits up to 25
miles long. The synchronous modem
achieves its 25-mile range by com-
bining automatic adaptive equaliza-
tion with delay modulation. It has an
error rate of less than 1 in 105

The new modem, which can be

used in point-to-peint and multipoint
data-communications systems, is ex-
ceptionally easy to test. A remote
test feature allows an operator at
either end of a point-to-point line to
put the line into a digital loopback
mode for fault isolation without
involving anyone at the other site. A
built-in test-pattern generator and
error detector allow fast modem
checks on site.

Powered by a 4-w wall-plug-in
transformer, the modem measures
1.75 inches high, 8 in. wide, and 12
in. deep. Its standard transformer
operates on ac line voltages of 105 to
125v.

Racal-Milgo Inc., 8600 N. W. 41st St., Miami,
Fla. 33166. Phone (305) 592-8600 [403])

Modems include diagnostic
and control functions

Designed to provide inexpensive con-
trol of a communications network,
the 2400 DCM is a 2,400-bit-per-
second synchronous modem with
extensive built-in diagnostic and
control circuitry. The circuitry,
which is contained in both the
master and remote-site modems,
provides in effect a secondary chan-
nel for testing and control without
interfering with mainstream trans-
mission. Standard features of the
2400 DCM include a built-in test-
pattern generator and detector, an
RS-232-C interface, and compati-
bility with Bell System model 201B
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New products

and model 201C data sets.

The master 2400 DCM sells for
$1,600; the remote unit is priced at
$1,300. Delivery time is 60 days.
Penril Corp., 5520 Randolph Rd., Rockville,
Md. 20852. Phone (301) 881-8151 [404)

Low-speed modem features
automatic answering

A two-wire modem for the auto-
matic answering of computer call-
ups, the P-113D is an asynchronous
unit that operates at data rates of 0
to 300 bits per second. It can be used
in both half- and full-duplex modes
and can be connected to the two-wire
dial-up network through a 97A or
97B jack; a data-access arrangement
(DAA) is not required.

The frequency-shift-keying mod-
em transmits at levels from —3 to
—12 dBm, programmable by a
resistor in the 97B jack. Its receiver
sensitivity is —48 dBm. The mark
frequency is 2,225 Hz; the space
frequency is 2,025 Hz.

The P-113D provides complete
built-in diagnostics: the front panel
has nine light-emitting-diode indica-
tors that continually report oper-
ating status. A board-only version of
the modem, which comes with a
front panel but no case or power
supply, sells for $250. A stand-alone
version, complete with circuit board

and power supply, costs $370. The
board-only unit measures 2 in. by 4
in. by 7.5 in. The stand-alone model
is a cabinet 2.5 in. by 4.5 in. by 11.5
in. Delivery time is 45 days.

Prentice Corp., 795 San Antonio Rd., Palo
Alto, Calif. 94303. Phone (415) 494-7225
[406]

ELECTRONICS
_ REPRINTS

ot New reprints

__ R-801 World market report 1978 24 pp
$4.00

____R-734 Microcomputer families expand
20 pp. $4.00

____R-730 Special Report— Automotive
electronics gets the green light
10 pp $3.00

____R-728 Flexible circuits bend to design-
ers’ will 10 pp $3.00

____R-724 Special Report—Technologies
squeeze more performance from
LS! 22 pp. $3.00

__R-722 Demands of LSl are turning chip
makers towards automation 12
pp $3.00

____R-720 How EEs Fee! About Engineer-
ing—3-part series 26 pp $5.00

____R-718 Display makers strive to refine
their technologies 8 pp $3.00

Books

— R-803 New product trends in electron-
ics—Electronics Book Series
333 pp $14.95

— R-732 Memory Design— Microcomput-
ers to Mainframes—Electronics
Book Series 180 pp $12.95

—_R-726 Design Techniques for Electron-
ics Engineers —Electronics Book
Series 370 pp $15.95

—R-711 Circuits for electronics engi-
neers: 306 circuits in 51 func-
tional groups — Electronics Book
Series 396 pp $15.95

——R-704 Thermal design in electronics
$5.00

——R-701 Applying microprocessors—
Electronics Book Series 191 pp
$9.95

—_R-608 Basics of Data Communica-
tions —Electronics Book Series
$12.50

—R-602 Large Scale Integration—Elec-
tronics Book Series 208 pp
$9.95

— R-520 Microprocessors —Electronics
Book Series 154 pp $8.95

Payment must
accompany your order

Make check or money order payable to Elec-
tronics Reprints. All orders are shipped
prepaid by parcel post. Allow two to three
weeks for delivery. For additional information
call (609) 448-1700 ext. 5494.

Mail your order to:
Janice Austin
ELECTRONICS REPRINTS
P.O. Box 669
Hightstown, N.J. 08520
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ELECTRONIC MUSIC CIRCUIT GUIDEBOOK
by B. Ward
768/234 Pub. Pr., $9.95 Club Pr., $8.45

MICROPROCESSOR/MICROPROGRAMMING

HANDBOOK
by B. Ward
768/749 Pub. Pr., $9.95 Club Pr., $8.45

MINICOMPUTER SYSTEMS:

Organization and Programming

by R. Eckhouse, Jr.

768/641 Pub. Pr., $18.95 Club Pr., $13.95

DIGITAL SYSTEM DESIGN AUTOMATION
by M. A. Breuer
768/498 Pub. Pr., $21.95 Club Pr., $18.25

ADVANCED ANS COBOL WITH

STRUCTURED PROGRAMMING

by G. D. Brown

772/118 Pub. Pr., $19.95 Club Pr., $15.95

AUTOMATIC DATA PROCESSING

HANDBOOK
edited by The Diebold Group, Inc.

168/075 Pub. Pr., $33.50 Club Pr., $23.75

MINICOMPUTER SYSTEMS:

Structure, Implementation and
Applications

by C. Weitzman

766/770 Pub. Pr., $19.50 Club Pr., $14.50

APPLYING MICROPROCESSORS

New Hardware, Software and Applications
edited by L. Altman and S. E. Scrupski
191/603 Pub. Pr., $15.00 Club Pr., $12.50

BASICS OF DATA COMMUNICATIONS
edited by H. R. Karp
191/59X Pub. Pr., $19.50 Club Pr., $16.50

INTRODUCTION TO THE DESIGN AND

ANALYSIS OF ALGORITHMS
by S. E. Goodman & S. T. Hedetniemi
237/530 Pub. Pr., $17.95 Club Pr., $13.50

MICROPROCESSORS & SMALL DIGITAL
COMPUTER SYSTEMS FOR ENGINEERS &
SCIENTISTS

by G. A. Korn

353/670 Pub. Pr., $24.50 Club Pr., $18.95

DATABASE PROCESSING

Fundamentals, Modeling, Applications

by D. M. Kroenke

769/931 Pub. Pr., $16.95 Club Pr., $12.95

INFORMATION & DATA IN SYSTEMS
by B. Langefors & K. Samuelson
768/854 Pub. Pr., $14.95 Club Pr., $12.25

MICROPROCESSOR APPLICATIONS

MANUAL

by Motorola, Inc.

435/278 Pub. Pr., $28.50 Club Pr., $22.50

LINEAR AND COMBINATORIAL
PROGRAMMING

by K. G. Murty

770/131 Pub Pr., $18.95 Club Pr., $15.50

SOFTWARE RELIABILITY

Principles & Practices

by G. J. Myers

769/885 Pub. Pr., $19.95 Club Pr., $15.75
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EDP books you ’t afford to

any one
of these great
professional hooks

for $189

only

values up to
$33.50

Introductory offer to new members of the
Computer Professionals’ Book Club

Special $1.89 honus hook comes to you with your first club selection

THIS new professional club is designed to meet your day-to-day on-the-job needs by
providing practical books in your field on a regular basis at below publisher prices. If
you're missing out on important technical literature—if today's high cost-of reading curbs
the growth of your library—here's the solution to your problem.

The Computer Professionals’ Book Club was organized for you, to provide an economical
reading program that cannot fail to be of value. Administered by the McGraw-Hill Book
Company, all books are chosen by qualified editors and consultants. Their understanding
of the standards and values of the literature in your field guarantees the appropriateness
of the selections.

Houw the Club operates: Every month you receive free of charge The Computer Profes-
sionals’ Book Club Bulletin. This announces and describes the Club’s featured book of the
month as well as alternate selections available at special members’ prices. If you want to
examine the Club’s feature of the month, you do nothing. If you prefer one of the alternate
selections—or if you want no book at all—you notify the club by returning the card en-
closed with each Bulletin.

As a Club Member, you agree only to the purchase of four books (including your first
selection) over a two-year period. Considering the many books published annually, there
will surelv be at least four you would want to own anyway. By joining the club, you
save both money and the trouble of searching for the best books.

VALUES UP TO $33.50 WITH MAJOR DISCOUNTS ON ALL OTHER CLUB SE-
LECTIONS. Your bonus books come with the first selection, and you may choose both
of them from the books described in this special introductory offer.

EXTRA SAVINGS: Remit in full with your order, plus any local and state tax, and
McGraw-Hill will pay all regular postage and handling charges.

NO RISK GUARANTEE:
If not completely satisfied return selections for full refund and membership cancellation.

MAIL THIS COUPON TODAY - e o e s s gy

o e e e e e

| COMPUTER PROFESSIONALS/Book Club P.0. Box 582 Princeton Road, Hightstown, New Jersey 08520 |
l Please enroll me as a member ard send me the two books Institutional tax exemmption status /s not appliable to pur- l
indicated, | am to receive the bonus book at the intro- chases made through individual Club memberships. All prices
l ductory price of $1.89 plus my first selection, plas tax, subject ta change without notice. Oller good for new mem- l
. and handling. If not y fied, | may bers only.
n return the books within 10 days and request that my member- I
ship be cancelled. If | keep the books, | agree to take &  Write Code # of $1.89 bonus Write code # of
minimum of three additional bock: during the next two years book selection here tirst selection here I
" at special Club prices (g d 1 i , often
mors). | will receive the Club Bulletin 13 times & year. if [ | I J I
I | want to examine the featured selection, | need take no
action. it will be shipped ically. If, h . | want l
| an’ slternate selection—or no bcok at all—) simply notity the
Club by returning the convenient card always losed. | NAME
| will always have a minimum of 10 days in which 1o return I
the card and you will credit my account fully, including  ADDRESS
I postage, if this is not the case. Membership in the club is l
continuous but cancellable by me at any time after the four-
| bock purchase requirement has been filled. This order cITY, I
subject to acceptance by McGraw-Hill, Orders from outside
l the continental U.S. must be prepaid, Company. business, or  STATE zIp I
P39271
| S ——— Pl B e
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Just published:
1978 EBG!

Completely new listings of catalogs, new
phone numbers, new addresses, new man-
ufacturers, sales reps, and distritutors!
The total market in a book—four directories
in one!

GEOMETRY
PROBLEMS?

Pincushion distortion on
CRT displays can be
solved by the Syntronic
problem solvers when
electronic circuit
correction is out of reach.

A Syntronic yoke with
carefully calibrated and
accurately positioned
magnets will “push” in
the corners and “pull”’ out
the sides for near-perfect
geometry. Any remaining

| Electronics Buyers’ Guide
| 1221 Ave. of the Americas
| New York, N.Y. 10020
Yes, please send me _ _ copy(lies) of
| 1978 EBG
I've enclosed [] $35 per copy for surface mail
| [ S47 per copy for air mail
| Full money-back guarantee if returned in
| 10 days

| Name

I 0 an - - - -
—— - distortion or defocusing is
| B - . corrected with Syntronic’s
- o stator core design
|

combined with special coil
turns distribution.*

To see the difference 28
years experience makes,
let Syntronic solve your

geometry problem.

*Write for

Syntronic Instruments

AP Note No. 1 “Pincushion
Distortion, a Significant Factor in
CRT Displays”

See us at Booth 440, Sid Show

PHILIPS

30% reduction?..

SYNTRONIC INSTRUMENTS, INC.
100 Industrial Road

Addison, IL 60101

Phone (312) 543-6444
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New products

Packaging & production
How to draw

diagrams faster

Graphics package has
repertoire of more than
50 one-keystroke symbols

Having first created PCS50, an inter-
active software package for the low-
cost computer-aided design of
printed-circuit-board layouts [Elec-
tronics, July 7, 1977, p. 127], Second
Source Industries now adds the
SC50 package for drawing sche-
matic diagrams.

The package, designed for use
with a Tektronix 4051 graphics
system and a 4662 X-Y nplotter,
offers the user more than 50
IEEE/ANSI symbols, each at the touch
of a single key. Positioning each
symbol is simply a matter of manip-
ulating the model 2005 joystick
cursor control and hitting the
required key.

A library of frequently used
subcircuits, such as standard opera-
tional amplifier configurations, can
be created by first drawing the
subcircuits and then placing them in
cartridge or disk memory. Once such
a library is created, the user can
greatly expedite diagram generation,
as he will be able to manipulate and
display whole segments (called ob-
jects) rather than discrete symbols.
A step-and-repeat feature allows the
designer to duplicate objects auto-
matically, as may be necessary in a
memory schematic diagram with its
many identical cells.

A complete and corrected diagram
is transferred from display screen to
paper by the X-Y plotter when it is
given a print command. The dia-
gram can also be stored on tape or
disk for later revision, if necessary.

Besides aiding in the creation of
the drawing itself, the SC50 auto-
matically provides a parts list from
the reference designators placed on
the diagram. These lists can be
stored by part number, component
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value, vendor number, or other
references.
Michael Smith, Second Source’s

.general manager estimates that a

user could complete schematic dia-
grams up to 10 times faster with the
SC50 than by conventional manual
methods. According to Smith, the
user is free to change drawing scales
and to use the system’s zoom capa-
bility for easier drawing of dense
circuit areas. He further points out
that the system meets all pertinent
military specifications for drawing
schematic diagrams.

The entire system, which includes
the Tektronix 4051 and 4662, an
add-in memory, the model 2005
joystick, the model 2903 EE drafting
read-only-memory pack, and the
SC50 software and user’s manual
sells for approximately $416,335.
The SC30, joystick, ROM pack, and
add-in memory, for those who
already' have the Tektronix equip-
ment, are priced at $44,640.

Second Source Industries, 735 Addison St.,
Berkeley, Calif. 94710. Phone (415) 848-
6600 [391]

Unit drills holes in
glass and ceramics

The Accu-Drill 3300 kit is a drilling
system that includes all the equip-
ment and materials (except diamond

drills) needed to drill holes with
diameters from 5 to 113 mils in fired
ceramics and glass. The principal
application of the kit is expected to
be in hybrid-circuit development,
where engineers want to avoid wait-
ing for their ceramics suppliers to
provide them with the custom tool-
ing rieeded to make the hole patterns
in the unfired material.

The kit consists of a high-speed
drill press capable of speeds up to
30,000 rpm; a soft, machinable
ceramic slab, which is used as a
temporary backing plate during
drilling; and a supply of Crystalbond
509 adhesive for bonding the work-
piece to the soft ceramic plate. After
drilling, the adhesive is easily
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New Phi-Deck Electronics
¢ Motion Control ... Minimum complexity, Maximum
performance.
¢ Digital ... Read/Write and Motion Control on one
board. Recording density to 1600 FRPI.
e Analog ... Two channel Record/Play and Motion
Control on one board.

Write or call for Information on our specially priced e

Design Kits and OEM Modules featuring

PHI-DECK electronics. (405} 521-9000
[]

4605 N, Stiles P.O. Box 18209 Okla. City. ok 7ans  Iiplel

Circle 176 on reader service card

PHILIPS

«.50% reduction?..

144 Circle 144 on reader service card

New products

removed with acetone.

The kit is priced at $495, and a
model with an X-Y micrometer
stage accurate to within 1 mil goes
for $875. The diamond drills sell for
an average of $42 each, with the
exact price varying with drill size.
Deliveries can now be made from
stock.

Aremco Products Inc., P. Q. Box 429, Ossin-
ing, N. Y. 10562. Phone Herbert Schwartz at
(914) 762-0685 [395]

Automatic system tests
emitter-coupled logic

Designed specifically to test ECL
100 K devices, the S-3280 auto-
mated semiconductor test system
can also handle other fast current-
mode-logic circuits. The unit’s pin
drivers can swing 2 v in less than a
nanosecond when working into a
50-Q2 load. On the measurement side,
the S-3280 uses a sampling head per
pin up to a limit of 64 channels.
Sampling head rise time is 75 ps.
Tektronix Inc., P.O. Box 500, Beaverton,
Ore. 97077. Phone Mike Bonham at (503)
644-0161, Ext. 1201 [394)

In-circuit tester generates
most of its own programs

Given a simple tabular description of
the topology of a circuit board plus a
listing of component values and
tolerances, the software in the GR
2270 can generate from 75% to 80%
of the test program needed to
perform a complete in-circuit test of
the board. The 2270 uses an LSI-11
microcomputer to set up guarded
component measurements automati-
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® M222 Standard Mode!

with optional dual mini-floppy disk drive

e

®M252 Cas

S|o|re| o

You can choose Extended BASIC or FORTRAN-IV

® Using Z80 CPU and 280 CTC

@ 48K Bytes dynamic memory, expandable to 64K Bytes on one board

@® 12" CRT Display 1920 alphanumeric characters; Full ASCIl and graphic
characters

@ Standard ASCIl keyboard with 10-key numeric pad and 16 special BASIC
command keys

@ A single mini-floppy disk drive is standard, a maximum of 3 drives

® Two RS232 Serial ports for printer and MODEM

® Three S-100 bus slots are available for users

@ Optional modules:
— A/D and D/A converter modules
converter module

® Other M200 Series models:
— M220 Standard model
model

— 32 bit In/Out module — HP-1B

— M232 Laboratory model — M252 Cash Register
— M282 model using IBM standard floppy disk drives

We would like distributors and OEMs to contact our office.

SORD COMPUTER SYSTEMS, INC.

1soma No.2 Bldg., 42-12 Nishi-Shinkoiwa 4-chome, Katsushika-ku, Tokyo, Japan

124 Telephone: (03) 696-6611, Telex: 2622393 (SORD J)
SORDCOMPSYS TOKYO

DISTRIBUTORS:
® SORD SUNSTONE COMPUTER CORP.

Cable Address:

2701 South 291 Highway, Inde-
pendence, Missouri 64057 U.S.A. Telephone: (816)373-2000, Telex: 424230
{SORDSTONE INDP.} e Buffalo office, New York Telephone: (716)632-3409
s Chicago office, lllinois Telephone: (372)799-8256 e« New London office,
Conneticut Telephone: (203)889-9691

® COMPTRONIX AG Drusbergstrasse i9, CH-8810 Horgen 1, Switzerland
Telephone 01,72504 10 Telex: 58799 (CPTX CH)

® COMPTOIR COMMERCIAL D'IMPORTATION 42, Rue Etienne-Marcel,
75081 Pans Cedex 02, France Telephone: 233 61.14 Telex: 220104 (LORESOL F)

® ABACUS E.D.P. SERVICES PTY. LTD. 66-68 Albert Road, South
Melbourne, 3205, Australia Telephone: (03;699-8555 Telex: 35621 (ABAGEN AA)
® SAMPO CORPORATION 217, Sec.3. Nanking East Road, Taipei, Taiwan
R.0.C Telephone' 7712111, 7521311 Telex: 311089 (SEMCO)

h Regi

Welcome to Hall Cebit-West 18, EG, Stand No.100 at Hannover-Messe ‘78, April 19 to 27, 1978

Circle 145 on reader service card

Direct
“On-The-Spot” -
Testin

Let a CEC*® Direct Print Recorder be your test system. CEC 5-164 Recording Oscillographs are
used by instrumentation engineers in many on-the-spot tests because they are

convenient, transportable, accura

te and reliable. The user is offered a selection of plug-in

modules for signal amplification, attenuation, strain gage bridge conditioning, or input
voltage suppression. What you get in return is a real time, hard

BELLs HOWELL

CEC DIvISION

CEC is aregistered trademark of Bell & Howell

Electronics /March 30, 1978
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copy record showing events of interest from steady
state to rapidly varying conditions. For complete
information on CEC Direct Print Recorders
contact us at 360 Sierra Madre Villa,
Pasadena, California 91109. (213) 796-9381.

Circle 177 on reader service card 145



Dimension:mm

SUPER MINIATURE

#38mm
Neon Glow Lamps AT
Circuits Voltg«essaeeeeee AC105-125 | tmm
Series Resistance** - 150KQ 2
Nomina! Current:**** - 0.3mA
Total Flux sesereeeeeses 20mlm MIN. NL-8S

Average Life Hours -+ 30,000 P

‘{&Ou@
CLEAR-GREEN W

Fluorescent Glow Lamps 19mm
Circuit Voltgeeseereness AC crDC105-125 f
Series Resistance** - 33KQ +
Nominal Currents«:++ 1.6mA
Total Flux(MIN) ----.. AC:120mIm,DC:130mIm 2 /c
Avg. Life Hours ++..+-. AC:30,000 DC:40,000

6.0 o
Circuit Voltgerreesress: AC 105-125 N
Series Resistace *++-+ 27K f IV
Nomina! Current-»--+++ 1.5mA
Total Fluxeressesseeeses SOmim MIN. 22mm
Avg. Life Hours «+«+--- 20,000 l

e MAIN PRODUCT |

NEON GL.OW LAMP, XENON FLASH LLAMP, NL-21/G
RARE GAS, DISCHARGE LLAMP.
MINIATURE © BLACK=-LIGHT, UV-LIGHT,

FLUORESCENT COLOR-LIGHT.

ELEVAM ELECTRONIC TUBE CO., LTD.

NQ 17-8 CHUO 2-CHOME OTA-KU. TOKYO JAPAN
TELEPHONE .- 03(774) 1231~ 5

.EXF’ORT DIVISION : JAPAN NANOTRONIX CO., LTD.
OTA-KU TOKYO, TELEPHONE. (03)775-4811 TELEX 246-6583 JNANOX

Circle 146 on reader service card

PHILIPS

|
—_— eve - .

- . x

m‘.. .......: “‘7

«.80% reduction

In size and price of digital cassette recording
Philips new 128k byte
Mini-Digital Cassette Recorder

146 - Circle 178 on reader service card

New products

cally and to generate printed repair
messages in simple English. Shorts
and opens, as well as missing, wrong,
faulty, reversed, and incorrectly
seated parts, are all identified in one
pass and described in the repair
message.

Key to the operation of the 2270 is
its vacuum-operated bed-of-nails fix-
ture, which can handle up to 1,024
pins. Users may select any number
of pins, from zero to the maximum,
provided the selection is in multiples
of 16. The basic system sells for
$65,000.

GenRad Inc., 300 Baker Ave. Concord,
Mass. 01742. Phone (617) 369-4400 [393]

24-conductor cable
made for IEEE-488

A Underwriters Laboratories—rec-
ognized 24-conductor cable with
molded-on, stackable, male-female
connectors is designed to be used in
instrument bus systems that meet
IEEE standard 488-1975. The cable
has a delay time of 5.2 ns per meter
and a capacitance of about 115 pF
per meter. It is available in 1-, 2-, 4-,
8-, and 16-m lengths and in bulk
(without connectors). Delivery of the
cable, in any of these lengths, is from
stock.

Belden Corp., 2000 S. Batavia Ave., Geneva,
Ill. 60134 [396)

Die positioner—sorter

operates automatically

The model 123 computerized die-
positioning and -sorting machine
moves semiconductor dice under a
microscope following a programmed
inspection pattern. The number of
rows, columns, and inspection points
within the die, the center spacing,
and the dwell time at each point all
are keyboard programmable. The
machine includes a picker with
memory that removes dice rejected
by the operator, at a preselected
point clear of the microscope. It sells
for $6,950, plus optics.

Mechanization Associates, 153 E. Evelyn
Ave., Mountain View, Calif. 94041 [397]
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“Because 'm having
so much fun!”’

That's the response of a senior
technical manager. He had been
asked why he wasn't at all
interested in early retirement.
His feeling is not
unusual. The Hughes
Aircraft Company is
committed to remain— &
ing in the forefront |
of technology. To do
so, the engineers
must work in an envi- ¥
ronment which allows
them to exercise their
creativity. They must be
surrounded by stimulating
co-workers and with the latest
in laboratory facilities. Contin—
uing education must be encour-
aged and financially supported.
In such an environment having

fun is not unusual.
We believe that we have
data to indicate the high morale
of our laboratories. The
average tenure of our
engineers is over
eight years. Our
termination rate is
less than one-half
of the industry
average.
Can you push
the state of the art in
radar, infrared, electro
optics, computers,
guidance—or related areas?
Do you have an accredited
degree, or its equivalent?
If so, we would like to
hear from you. We have
hundreds of openings.

Come and have fun with us.

Please send your resume to: Professional Employment E, Hughes Aerospace Groups,
11940 West Jefferson Blvd., Culver City, California 90230.

' HUGHES |

UGHES AIRCRAFT COMPANY
IIIIIIIIIIIIIII

U.S. Citizenship Required
Equal Opportunity M/F/HC Employer
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ENGINEERS

The Boeing Company in Seattle, Washington, has a variety of
challenging career opportunities for experienced engineers on a
wide-range of programs.

Enjoy the relaxed life-styles and unspoiled beauty of the Pacific
Northwest in the “Nation’s Most Liveable City.” You won't find a
better opportunity to combine career growth with a pleasing envi-
ronment. We'd like to hear from you if you have a BS degree or
higher in engineering or computer science and experience in any
of the following areas:

0O AUTOMATED TEST INSTRUMENTATION DEVELOPMENT

O COMPUTER AIDED DESIGN

O COMPUTERS AND DISPLAYS DESIGN

O DIGITAL CIRCUIT DESIGN

O ELECTRICAL/ELECTRONIC TEST

0O ELECTRONIC MATERIALS AND PROCESSES

0O ELECTRONIC PACKAGING DESIGN

O ELECTRONIC PARTS EVALUATION

O FLIGHT/MISSION/SYSTEMS TEST

0O GUIDANCE AND CONTROL ANALYSIS

O NONDESTRUCTIVE EVALUATION

0O OPERATIONAL SOFTWARE DEVELOPMENT

O SOFTWARE/COMPUTING SYSTEM DESIGN AND
ANALYSIS

O SOFTWARE/COMPUTING SYSTEM TEST AND
EVALUATION

O SOFTWARE QUALITY ASSURANCE

0O TEST SYSTEMS SOFTWARE DEVELOPMENT

0O TEST PROGRAM PLANNING

O SYSTEMS DESIGN ANALYSIS

O SYSTEMS REQUIREMENTS DEFINITION

O WIRING AND CONTROL DESIGN

Candidates must be U.S. citizens. Selected candidates will be
offered an attractive salary, comprehensive fringe benefits pack-
age, and relocation allowances.

Send your résumeé to The Boeing Company, P.O. Box 3707-LMK,
Seattle, WA 98124.

An equal opportunity employer.

BOEING

Getting people together
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Engineers

Our Hunt Valley complex, located in the northern suburb
of Baltimore, has immediate openings in two engineering
departments.

The Nuclear Instrumentation Control Department has

requirements for engineers with experience in analog and

digital circuit design. Responsibilities include the

development and design of instrumentation and control

equipment and systems for commercial and naval nuclear

programs.

Requirements:

—BSEE with minimum of 5 years design experience.

—Ability to analyze designs and present results.

—Desire to apply innovative solutions to complex
engineering problems.

The Integrated Logistics Support Engineering Department
is involved in a variety of long-term automated test
projects and has needs in the following areas:
Software
Applicants should have BSEE and major specialization in
computers or with BS in Computer Science and a
knowledge of digital and analog circuit design and at least
2 years experience in one or more of the following areas:
Design and generation of analog/digital test application
software
Design and generation of ATE executive and support
software.
Logistics and Maintenance
Applicants should have BSEE with advanced statistics
and/or numerical analysis courses with a minimum of 2
years experience in one or more of the following: logistics
models, simulation models, logistic support analysis,
support equipment requirements, maintenance planning.
Digital Hardware Design
Responsibilities include systems specifications and design
utilizing advanced microprocessors and microcomputers
as applied to sophisticated electronic test problems.
Minimum of 2 years experience and BSEE degree.
Electronic Design
Requires capability in solid state electronic design. Should
have at least 2 years experience in analog and digital
testing of military avionics sub-assemblies. BSEE required.
IF or RF Electronic Design
At least 2 years design experience involving very stable
oscillators and other RF circuitry operating at X-band.
BSEE degree.

NON-IMPACT
PRINTER
ENGINEERING

At Computer Peripherals, the emphasis is on finding
innovative people . . . individuals with technical training
and ideas. If you can bring us the ability, we can open
the door to exceptionat opportunity . . . and not just the
first door.

We are working in advanced areas of impact and non-
impact printer design and development. We have im
mediate openings for:

e MECHANICAL ENGINEERS
® MANUFACTURING ENGINEERS

e QUALITY ASSURANCE ENGINEERS
® RELIABILITY ENGINEERS

Successful candidates will have applicable degree and
3-6 years related experience in non-impacf printer
development.

These positions offer competitive salaries,
comprehensive benefits and generous potential for
career growth. Interested candidates please submit
letter or resume in confidence with salary history and
requirements to:
Bob Brown
COMPUTER PERIPHERALS, INC .

' ' 1480 N. Rochester Road

Rochester, Michigan 48063

1-313-651-8810

An Aftirmative Action Employer

For consideration, please send resume, stating present
salary, and indicating department of interest, to:

R.A. Richmond, Dept. 402
Westinghouse

P.O. Box 1693

Baltimore, MD 21203

An Equal Opportunity Employer

Westinghouse

162

Job-seekers...
be the first to know
with McGraw-Hiill's

Advance

Job Listings

By having our weekly ADVANCE JOB LISTINGS sent to your
home every Menday you can be the first to know about open-
ings both in and out of your field. AJL will enable you to
contact anxious recruitment managers BEFORE their ads ap-
pear in upcoming issues of 21 McGraw-Hill publications. To
recewve a free sample copy, plus information about our low
subscription rates, fill out and return the coupon beiow.

ADVANCE JOB LISTINGS /P.0. BOX 900/NY 10020

PLEASE SEND A SAMPLE COPY
OF ADVANCE JOB LISTINGS TO

NAME ADDRESS

Yy - STATE/ZIP
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“There is still a lot of room for individual in-
centive 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 a large de-
partment of people developing diagnostic soft-
ware used to test Data General hardware.

“You won’t be patching up a job 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 a new 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 a lot of new opportunities to grow in your
job or into a better one.”

it 2 : ~

“IF YOU'RE A DIAGNOSTIC PROGRAMMER WHO WANTS TO

STAY ON TOP OF THE LATEST TECHNOLOGY—YOU'LL HAVE
A ETTER CHAKE M m HNERAL’.’ == Keith Nelson—Manager,

Diagnostics Engineering

DIAGNOSTIC PROGRAMMERS

Our great emphasis on vertical integration creates an
unending stream of new career opportunities in Diag-
nostics. You may choose one of several paths of project
expansion and personal development.

You will design, code and document diagnostic soft-
ware. Senior level individuals will be expected to write,
coordinate and execute project test plans with full re-
sponsibility for diagnostic testing projects. Openings
are available in: Systems Diagnostics; Disc Pe-
ripheral Diagnostics; CPU, Memory, Floating
Point Processor Diagnostics; Communications,
SDLC Diagnostics.

These intermediate and senior level openings require
a BS or MSin EE or CS with from 2 to 10 years experi-
ence in assembly language nrogramming, plus a current
in-depth hardware background.

If one of these positions could be a logical
next step in your career, send your resume, in
confidence to: Jim Kimbrough, Technisal Per-
sonnel 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.

¢»DataGeneral

You can get there quicker from here.

An equal opportunity employer M/F.
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Suddenly your last year’s
Electronics Buyers’'Guide is
as outdated as last year’s

phone book

Just published; 1978 Electronics Buyers’ Guide. Completely new listings
of catalogs, new phone numbers, new addresses, new manufacturers, sales reps, and
distributors! The total market in a book—four directories in one!

1.

Directory of products. Over
4,000 products, over 5,000
manufacturers.

Directory of catalogs. |
Includes six post-paid catalog
inquiry cards for 10-second
ordering.

The onlybook of its
kindin the field.

If youhaven't gotit,
you're not in the market.

Toinsure promptdelivery
enclose your check with the
COUpoNn NOW.
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3.

Directory of manufacturers.
Local sales offices, reps, and
distributors, with phone
numbers. Number of em-
ployees and engineers, dollar
volume, name of company
contact.

~ Directory of trade names of
products and their manufac-
turers. You can trace a prod-
uct by its trade name only.

Electronics Buyers' Guide
1221 Ave. of the Americas
New York, N.Y. 10020

Yes, please send me copy(ies) of 1978 EBG.
I've enclosed O $35 per copy for surface mail

[ $47 per copy for air mail
Full money-back guarantee if returned in 10 days.

Name
Company i

Street



