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= The microprocessor revolution continues unabated,
i feeding the growing demand for electronics systems/74
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HOW DO YOU
WANT YOUR FLAT CABLE?
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shielded on one or both sides. required. Brand-Rex can
recommend suitable connectors for
Jumper cables. We'll cut TAPE CABLE to any application.
any length you want and strip and tin
itat both ends. 55

Self-retracting cables. We can form
Brand-Rex & .
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Plug-in jumper cables. We'll form the
ends of our TAPE CABLE to mate with
printed circuit TN
connectors— .
with no

external con- ‘
nectors or contacts. ~ )
Plug-in jumper cables S

are minimum cost, flexible
interconnectors for muttiple circuits.

You can order Brand-Rex TAPE CABLE

in any form— from bulk to custom
assemblies—to solve your inter-
connect problems. No matter what your
electrical, mechanical or termination
requirements are, there's a Brand-Rex
TAPE CABLE that's right for the job. For
more information ask for Technical
Bulletin BR-740. Or contact Brand-Rex
directly or your nearest Brand-Rex
sales engineer. Brand-Rex Company,
Electronic & Industrial Cable Division,
Willimantic, Connecticut 06226,
Phone (203) 423-7771.

BRAND-REX

PC Board Harnesses. We canalso
bond TAPE CABLE to printed circuit
boards. When -

you get it, the \ g2

whole
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p|Ug itmn. Nonotuck Manutactunng Co . copper wire

Pyle-Natonal Co electrical connectors
Telecommunications Cable Division

Teltronics. Inc  telephone equipment and components,
Brand-Rex Ltd {Scofland) wire and cable
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HP announces
pulse-parameter control
in a word generator
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That means an end to building arrays of pulse and
word generators to do complex digital testing in
the lab or production. HP's new 8016A gives you the
digital stimuli you need for 1C development or testing,
tor digital circuit evaluation, for microprocessor
system troubleshooting, and for interface evaluation
—at data rates to S0 MH/.

Now you can vary pulse width, height. and delay
for worst-case or parametric testing such as set-up
and hold—time measurements. as well as functional
testing. Add HP's new 1600A Logic State Analyzer
to your system and you have the ideal combination
for observing your logic circuits in action.

Parallel and serial data selection. In the parallel
mode, output is 32 bytes, each 8-bits wide. In the serial
mode you get up to eight 32-bit words. Or you can
serialize outputs for word length up to 256 bits. You
have complementary outputs and a selection of
RZ/NRZ formats on each channel.

Programming options. Manual data loading is simple
with the pushbutton matrix and LED indicators.
And a remote programming option allows fast
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leading with an HP Interface Bus compatible card
reader. calculator, or minicomputer—a valuable
option for on-line testing where speed and accuracy
are important.

There’s still more. The 8016A includes manual
clocking for single step testing: a strobe channel to
use as a ninth data channel or serial qualitier: clock
and sync outputs: ECL and TTL logic-probe power
outputs: and other features to provide flexibility
and ease of use.

Your local HP field engineer can give you all the
details on this powerful new word generator. which is
priced at $6.400%. Or_ write for our 10-page data
sheet. It gives all the spees. output timing diagrams,
and includes application information.

*Bamestic U.S.AL price only

HEWLETT |hﬁ PACKARD

Sales and service from 172 offices 1n 65 countries.
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We've just revolutionized
digital troubleshooting.

Again.
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This time we’ve done it with a Current Tracing Probe
and a Multi-Family Logic Pulser, Probe and Clip.

HPs hand-held logic troubleshooting
instruments bring dramatic new capabil-
ity. speed and convenience to locatirg
logic faults. Use them alone or as a
synergistic team (o save time. money
and irustration. They're the latest wave
of the IC troubleshooting revolution

we started when we introduced the first
logic probe. logic clip and logic pulser.

A Probe that Traces Current! As shown
above. the Model 547A Current
Tracer’s tip lights when on or near a
conductor carrying digital current
pulses from I mA to 1A —in any logic
fami:y. Now you know where the cur-
rent’s flowing so you can quickly fix
stuck nodes without cutting circuit
board traces or removing and often
damaging good 1Cs or micro-
processors when searching for bad
ones. Now yeu can quickly find solder
bridges and backplane shorts. trouble-
shoot wired AND/OR busses or
three-state busses.

A Logic Pulser That Does More Than
Just Give Single Pulses. The new 546A
Programmable Logic Pulser tabove)

gives cne pulse. a L1 or 100 Hz pulse
stream. or a burst of exactly 10 or 100
pulses. Now vou can rapidly set your
circuit 1o any state you wish. Its a
vo'tage and current source that provides
the controllable stintulus you need for
troubleshooting. It1l drive TTL o
CMOS high nodes low or low

nodes high.

New Multi-Family Logic Probe. The
HP 345A tesis most positive famiiies
including TTL and CMOS. An unam-
biguous single lamp at probes tip
quickly indicates logic high. low. bud
level. pulses. pulse trains. Its built-in
pulse memory catches clusive transi-

tions that occur when you're not looking.

New Multi-Family Logic Clip. The
Model 348A% 16 LED s show logic states
of 16 1C pins at once. revealing the cir-

cuits truth table. 1t automatically adapts
to TTL. RTL. CMOS and HTL and

automatically seeks Vee and ground. It
draws <15 A per pin. yet is overioad
protected to 30 Vdce.

Prices: HP35A S125, HPS6A S150.
HP 3147A S350. HPSKA S105, Domestic
US.A.

Get tull dezails on how this new revo-
lution ¢an heip you. Call your neares:
HP field engineer todav or write.

HEWLETT l’“hﬁ,- PACKARD

Sales anc service from 172 offices in 65 countries.

1507 Page M Il fiad Paks Alt. Califorrva 94304

For assistance call: Washington (301) 948-6370, Chicago (312) 677-040C. Atlanta (404) 434-4000, Los Angeles (213) 877-1282, Toronto (416) 678-9430
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Cover: Award goes to linear wizard, 66
For significant advances in linear technol-
ogy. including many devices that have
become industry standards, Electronics
salutes Robert C. Dobkin, the director of
advanced-linear-product design at National
Semiconductor Corp. in Santa Clara, Calif.
Cover photo is by Fred Kaplan.

TECHNOLOGY UPDATE, 74

Dramatic improvements in cost and per-
formance achieved with large-scale integra-
tion are expanding capabilities in almost
every area of electronics. The next 12
months promise to continue the strong
technical advances.

Semiconductor, 76: Memory types multiply;
microprocessor families grow.

Components, 86: Hybrid and monolithic units
are displacing more discretes.

Computers, 90: Small systems move into the
design spotlight.

Instruments, 100: Digital tasks spawn new
tasks in measurement.

Communications, 108: All technologies aim at
greater channel capacity.

Packaging & Production, 116: Process adapta-
tion shrinks interconnection costs.

Industrial, 122: More tools and processes yield
to microprocessor controt.

Consumer, 128: LS| chips taking over more
household chores.

The year in electronics: a chronoiogy, 138

And in the next issue . . .

The growing activity in solar cells; a special
report . . . distributed architectures come
to control systems . . . the inexpensive way
to design a three-pole filter.
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Publisher’s letter

ur annual Technology Update

issue, in which we review the
major advances that have been made
over the past year in electronics
technology, is also the vehicle for
announcing the winner of the Elec-
tronics Award for Achievement. The
third annual award has been be-
stowed on Robert C. Dobkin, direc-
tor of advanced linear-product de-
sign at National Semiconductor
Corp., for his wide-ranging contribu-
tions to semiconductor technology.
The award is given to those who, in
the judgement of the editors of Elec-
tronics, best exemplify either leader-
ship in electronics technology or, in
the case of those in government,
business, or the academic world,
leadership in promoting the welfare
of the electronics industry. Turn to
page 66 for our profile of this year’s
winner.

One big factor contributing to the

difficulty of deciding who will be
our award winner is the fact that
technology cuts across so many
different fields and can take so many
different paths. So, in addition to our

Dobkin profile, we have sprinkled
profiles of noteworthy innovators
throughout the Technology Update
pages. The progress of electronics
technology, in particular, requires
people with imagination, drive, and
vision, as well as basic technical
skills. That, after all, is one of the
things that makes electronics the
dynamic field it is.

ven with the benefit of hindsight,

putting together the Technology
Update kind of story is no easy
matter. Months of preparation by
our entire New York staff, backed
up by on-the-spot reporting by our
extensive field staff, both in the
United States and abroad, went into
this issue, which we believe is one of
the year’s most rewarding efforts in
terms of service to readers. You'll
find Technology Update beginning
on page 74.

e

10020.

We are looking for an editor

We have an exciting and rewarding career opportunity available for an
engineer with writing skills who is interesting in applying those skills and his
professional expertise to technical publishing. We have an opening on the
New York staff of Electronics for circuit design editor. An applicant for the
job must be adept at modern analog and digital circuit design and analysis
and be able to evaluate circuits for accuracy and innovativeness. He will also
write and edit technical articles in that field.

Candidates should have at least a BSEE and substantial engineering
experience. If you are interested, send résumé and salary requirements to:
Executive Editor, Electronics, 1221 Avenue of the Americas, New York, N. Y,
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five important reasons to specify
the JQE power supply

Air exhaust to rear

~ JQE deliver their rated output right up to +71°C with-

_____ : out any derating whatever. Moreover, they run cool! Internal
i blowers actually help circulate the air in your system to keep

hot spots from developing.

YOUR MECHANICAL PEOPLE WILL APPRECIATE THIS.

TYPICAL 1000 WATT
JQE POWER SUPPLY

JQE produce clean d-c, less than 0.2 mV rms ripple and
: noise (1.0 mV p-p including spikes up to 10 mHz). The output
e renpeeml varies less than 0.0005% for the worst sort of line variation,
01 . o o i e Bl and long-term drift is less than 0.01%.

' YOUR LOAD WILL APPRECIATE THIS.

JQE’s RIPPLE &
NOISE QUTPUT
—e| |-=—5 msec./cm.

JQE are wide-range instruments. Every JQF can be set from

e, | (MODELS UP T0 150 vOLTS) zero to its rated output. What's more, they all have one addi-
- tional volt capacity so that wire drops do not subtract from
Adjust voltage TO 90 AMPS the voltage available to your load. Buy a 0—15V model to cover
through full range Adustable the 5V, 6V, 8V. 10V, 12V and 15V loads. A 0—36V model to take
10%—105% care of 18, 24, 28, 32 and 36V jobs.
e CrERAT e AGE YOUR BUDGET WILL APPRECIATE THIS.

Q—\% Adjust with
AR JQE are fully programmable—by resistance (10000/volt)
e or by voltage (any gain ratio you choose) or by parallel binary
Brogrsmmer or BCD logic. That means you can easily interface your JQE
with a computer control bus. (Use the Kepco SN Programmer)
YOUR SYSTEM WILL APPRECIATE THIS.

TYPICAL 100 WATT
JOQE POWER SUPPLY

Digitally program with
Kepco SN Interface

JQE are linear voltage stabilizers —which means that JQE
. J . I:gg;::gg are a lot simpler and more reliable than switching machines. (You
ETICH —L< reference get a 5-year warranty.) A linear JQE will respond in micro-
Integrated

seconds to a load shift; will maintain its low output impedance

error amplifier Adjustable feedback

controls output into high frequency pulsed loads; produces no RFI/EMI and
doesn’t hack up the power line like SCR types.
'BEHAVES LIKE A LARGE LINEAR AMPLIEES YOUR NEIGHBORS WILL APPRECIATE THAT.

JAQE is a premium quality
voltage stabilizer for the
NO - cCOMpromise job
Kepeo Crton ana Hanaor. I 2 [P (55 (0 199 S#0f0R0 et - fuusans, w11z
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TAKE THE GAMBLE OUT OF
SPECIFYING

POWER SUPPLIES

When you specify power supplies manufactured by Abbott Transistor Laboratories,
you minimize your risks and maximize your return.

No ‘‘SNAKE EYES' with Abbott, only winning
performance

Abbott power supplies are reliable, they won't
““CRAP OUT"” ¢n you

performance

No “BOX CARS"” either — Abbott units are
compact

Don't go the “HARD WAY,"” specify Abbott, the
easy way to solve your power supply require-
ments

Abbott makes a wide variety of industrial/commercial, OEM, military and aero-
space power supplies. Each and every unit is subjected to rigorous quality control
and electrical testing before shipment to insure that when you put it on the line,
it will pass every time.

So when you want a reliable power supply, come to Abbott, the winner for price
and performance.

Please see pages 1836-1848 of your 1976-77 EEM (ELECTRONIC ENGINEERS
MASTER Catalog) or pages 672-682 Volume 2 of your 1976-77 GOLD BOOK for
information on Abbott Modules.

Send for our new 60 page FREE catalog.

No “LITTLE JOE'S,” Abbott units are big on |

- GENERAL OFFICES EASTERN OFFICES
abbott transisto rJ 5200 W. Jetferson Blvd. 1224 Anderson Ave. |
S e P
LABORATORIES, INCORPORATED Toioy 651398 Tolox 13-2332
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Readers’ comments

A resistor gives practicality

To the Editor: In *“‘Fiber-optic data
transmission: a practical, low-cost
technology” [Sept. 2, p. 94], the
receiver in Fig. 5 needs some modifi-
cation before it will be practical.

It is suggested that the zener diode
be turned around and a resistor be
inserted between the —12-volt
power supply and the zener anode
and 2N2905 base junction. Other-
wise, the receiver is neither practical,
nor is it low-cost.

Bela Marton

Texas Instruments Inc.

Dallas, Texas

® The author replies: The changes

detailed are necessary to correct an
oversight on my part.

It’'s not official

To the Editor: The Washington
newsletter item “‘FCC refuses bid to
speed action on satellite review”
[Sept. 2, p. S1] asserts that the
Federal Communications Commis-
sion “will not drop a request for an
evidentiary hearing” in connection
with Satellite Business Systems’ pro-
posed domestic satellite system.
Since the commission has not
acted on our applications, your head-
line is plainly erroneous. The text is
pure speculation and should have
been labeled as such. $BS believes the
FcCc has the information necessary
for its decision. We hope for carly
commission approval to proceed with
implementation of our system.
P. N. Whittaker
Satellite Business Systems
Washington, D.C.
® While the FCC has not taken official
action, it is expected to hold the hear-
ing, as the item indicated.

Correction

While the story on Texas Instru-
ments Inc.’s plans to begin selling
samples of 92,304-bit bubble memo-
ries [Sept. 30, p. 29] correctly gave
the production prices for the pack-
ages as ranging from 40 to 50 milli-
cents per bit, we erred in translating
50 millicents per bit into cents per
bit for the deck of the headline. It
should read *. . . volume-produc-
tion goal is under 0.05 cent a bit.”

Electronics/ October 28, 1976



What's new in solid state ...

RCA BIMOS op amps.

They mix technologies
to match circuit needs.

BiMOS was born with Op amp category What BiMOS contributes RCA device
our CA3100. On a single General Purpose Wide applicability CA3140
chip we combined Bipolar Low cost CA3130
with PMOS—for a more FET Input Lower device cost CA3140
cost-effective wide-band- Reduc'ed circuit cost CA3130
width op amp. Large input voltage range

capability of swinging to

Next, the versatile 3130. 0.5V belaw rail
' With FET, Bipolar and Wideband High slew rate with CA3140
CMOS, itcando atremendous variety of jobs well. 4510 70 MHz low ringing CA3130
Latest arrival: our 3140. The most useful op CA3100
amp since the 741. Able to fill the great mass of Micropower Strobability CA3130
op amp sockets, thanks to MOS/FET input and down 1o 1.5 mW
Bipolar output. High Current Etiminates driver stage CA3130
. . . ipto 22mA Low device cost
Low-cost, no-compromise circuits up Rail-to-rail output swing

BiMOS gives you the best from each technol-
ogy without the drawbacks. So you can select

op amps with exactly the characteristics you need. ca
A single op amp can often do jobs that ordinarily 3100

require many more parts. And that

ability opens up new cost-saving ch
ways to meet circuit needs. 2430
Why pay more than you have to BIPOLAR
for your circuit? Check into BiMOS. Input
Contact your RCA Solid State dis- eT gl
tributor. Or RCA. mos’/F ’ 3=
inpyt @,
Write: RCA Solid State. Box 3200, MOS/FET Yo
Somerville, N.J. 08876; Sunbury-on- Intermediaty M
on-Thames, Middlesex TW16 7HW, AR 8 Qg i
England; Ste. Anne de Bellevue H9X ’|pO;‘d|ate n /mQ ;
3L3, Canada; Fuji Bldg., Tokyo, Japan. inter™ : Py, S 2
w, o
S mos S0
‘g G oevt “‘DL,,‘H

e
-
—

RCA. Full house in Linear ICs.
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Want 90
DVMs
for 90 days?

At 90 different places? For short-
term, peak DVM needs. call the
“Instrument Professionals”. They
can put the models you need,
when and where you want them.
Rental is the economic answer to
training, field retro-fit or other
shert-term DVM needs.

Write or call for data on our other
specialties: Instrument Leasing *
Computer Peripherals * Equipment
Sales « Instrument Service.

Circle 8 on reader service card

b Get our
SU FREE

-l

rrw-= Catalog

Continental
Rentals

Div. Continental Leasing Co., Inc.
175 Middlesex Tumpike, Bedford,
MA, 01730(617) 275-0850

Metuchen, NJ (201) 549-8500;
Gaithersburg, MD (301) 948-4310; TX
(214) 357-1779; Elk Grove, IL (312)
439-4700; Costa Mesa, CA (714)
540-6566; Santa Clara, CA (408)
735-8300; Los Angeles, CA (213) 477-7521

News update

B The U.S. Army’s Picatinny Arsen-
al in Dover, N.J., has scheduled
another series of tests for miniature
television cameras under develop-
ment for battlefield surveillance sys-
tems. The Tv systems, being devel-
oped by Fairchild Camera & Instru-
ment Corp.’s Imaging Systems divi-
sion in Syosset, N.Y., use a sturdy
array of charge-coupled devices to
replace the fragile vidicon tube
[Electronics, Oct. 16, 1975, p. 31].
Tests of the full systems will be
conducted next January or February
with participation by the Army’s
Artillery School at Fort Sill, Okla.

The Army made its first deploy-
ment of the CCD-array TV systems on
July 31 at the Yuma Proving
Grounds in Arizona. Three systems
were fired at high-G level environ-
ments, two at the maximum charge
from a 155-millimeter howitzer,
notes Ernest Ohiloff, a project engi-
neer with Picatinny’s Precision Mu-
nitions Group. “All three systems
functioned perfectly. We considered
it a highly successful test,” says
Ohloff of the Tv system that is
carried inside a projectile over a
target area and released at the right
altitude by a timing fuze. Suspended
by a parachute, the camera floats
and sends pictures of the terrain and
ground action to a command post. In
the Yuma tests, the systems were
deployed at 2,000 feet and picked up
and relayed high-resolution pictures
of all target symbols on the barren
desert’s terrain. It would be possible
to install a self-destruct mechanism
in the system to keep it out of enemy
hands.

The Picatinny system is designed
to be used with an illumination artil-
lery projectile—the M485 for the
155-mm gun—that is already in the
Army’s catalog. In fact, the total
system uses many of the components
of the shell. The camera and asso-
ciated electronics simply would re-
place the illuminating canister.

This is not the military's first
attempt to put together such a
camera system. The Navy experi-
mented with a similar arrangement,
using a Fairchild-developed 100-by-
100-element CCD array, but dropped
the work when it ran out of funds.[]
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SUPPLIES

WEIGHT!

® LOWER PRICE WITH
HIGHER RELIABILITY!

® SIMPLER CIRCUITS

BUT HIGHER
EFFICIENCY!
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Hole Disteibutor :

WAMCD Technical. Sales, Inc.
706 W. 16th St, Costa Mesa
Calif. 92827, U. 8. A 3
Tel. No. $714}-833-9361 or

: {7143-642-5100
TELEX No.678-458,

YUTAKA ELECTRIC MFG. CO., LTD.

No. 228 KARIYADO NAKAHARA-KU, KAWASAKI
CITY KANAGAWA PREF-211 JAPAN
TELEX: J22890 CABLE: TLX-J22890 YUTACO
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Faster than
a speeding 741...

.. more stable than a drifty FET! -
Say hello to Superslew, generally known as PMI's Mild
Manne-ed OP-01 general purpose bipelar monolithic op amp

Finally OP-01 has been discovered for what he really is:
a speed demon who slews at 28\ /jisecin inverting contig-
uration. His rise time ot 150nsec. (witl: only 2% overshoot)
puts him into competition with the Big Dollars op amps.

But OP-01 works cheap— @ $1.25 (100-999). His Vg, as
lovs as 0.3mV, and I 4¢, as low as 2nA, make OP-07T the

ideal op amp for DAC's. And he settles to 0.1% in 700ns
(comparable to diclectric isolated op amps).

Bipolar monolitric, OP-01 tits most standard 741
sockets. Available in chips or package, Superslew can pass
anv MIL level; MIL-883B is irstantly available from our
distributors

So it it's not a b:rd, not a plane, but a taster-than-a-741
op amp vou need, call for Supersleswv—our OP-01. An
exciting, dynamic data sheet is vours bv writing
Shazan at the address below.

Precision Monolithics, Inc.

1500 space Park Drive, Santa Clara, CA 95030
(4081 245-9222. 1W\VX: 910-333-0528.
! ® Cable VIONO.
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The

microprogrammed
state machine:

Getan Am 29811
and you've
got it made.



If you make state machines
—and you're tired of gates
and flops and hassles and
headaches — we've just made
your life a lot easier.

Get an Am29811, add some
Am2911's and you get an
amazingly powertful, efficient
microprogram controller,
Throw in a couple other 16-
and 20-pin packages, and
throw away your state
machine problems. For good.
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The Am2911 provides logic for sequential addressing. branch-
ing to any address. four levels of subroutining and looping

The Am29811 is used to control the Am2911, as well as a loop
counter and several branch address sources. The resulting
system executes sixteen sequence control functions, most of
which can be conditionat. (With a 60ns microprogram memory.
a typical system can run at 5SMHz clock rate—even faster with
some minor logic modifications Wow!)

Two Am2911’s can control up to 256 words of microprogram.
enough for many state machines. (With three Am2911's, up to
4K words of microcode can be controlled )

A::lvanced f\j\i
i

= S—

L ook again:

Sequence Control Instructions |
Jump to Zero

*Jump to Branch Address

Load Counter '
*Repeat Jump if Counter # 0 |
*Push PC or Push PC and Load Counter
Jump to Map Address

*Loop '
*Repeat Loop if Counter # 0
*Jump to Subroutine
*Return
*Jump to One-of-Two Subroutines
*Jump and Pop Stack

Jump to External Address

Jump to Branch Address
*Jump to One-of-Two Branch Addresses I
Continue

*Conditional Instructions ‘
- — - S |

Territic. But how much?

Am?2911, $2.95 in volume.
Am?29811, $2.60 in volume.
The entire controller shown,
including 8-bits of loop counter
and 8-input multiplexer is
only $11.64. That’s right.
$11.64 total price.

[f vou want to know more
about the Am2911 or the
Am?29811, just wire, write or
phone. We'll send you a whole
bhook about microprogrammed
controllers. For free, of course.

Boy. Some guys really have
it made.

Croprocessors

Advanced Micro Devices, Inc. ® 901 Thompson Place. Sunnyvale, California 94086 « Telephone (408) 732-2400
Distributed nationally by Hamilton /Avnet. Cramer and Schweber Electronics and regionaily by Arrow. Bell and Century Electronics
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Editorial

Is dumping really dumping? . . . and other questions

The questions raised about whether Japanese
Tv manufacturers are dumping their wares
on the U.S. market lead not to answers,
but to more questions. A goodly number
of them are raised by a report, recently
prepared by the U.S. embassy in Tokyo and
now circulating in Washington, which
contains some interesting arguments in favor
of unrestricted trade. Take its points on
private-labeling, for example.

On the one hand, electronics technology
in general and the growth of the electronics
industries in the U.S. have always gone
along with free trade. In addition, there are
many U.S. enterprises, particularly in the
consumer sector of calculators, watches,
now even games, that depend on off-shore
assembly and thus have a stake in fairly
open borders. On the other side, however,
there are industries like Tv-set manufacturing
that have been hit hardest by the exports,
especially because the Japanese influx has
centered around the all-important 19-inch
size, the most popular in America.

That, in turn, leads to the question of
where the sets are going — whether one
should look closer to home for the source
of the problems. Of the major mail-order
houses, Sears Roebuck now has 80% of its
Tv sets made in Japan, and Montgomery
Ward and J. C. Penney buy from Japanese
makers, too.

For these big retailers, the Japanese
connection makes sense. Sears, which is
listed as having the third largest share of
the U.S. color-Tv market, wants to have a
TV set for a low price, goes to Japan, and
gets the right price. The Japanese supplier
needs only sign the deal and ship as far as
the port in Yokohama. Who could resist a
deal like this, especially when hard times

12

hit Japan’s market? The conclusion is that
the Japanese are not pushing their sets on
the U.S., it’s the Americans who are pulling
them in via Sears and the merchandisers.

Price is the key in private-labeling, the
report continues. It’s not exactly dumping,
because the U.S. firm is responsible. If the
U.S. were to stop Japanese imports next
week, it would not end the problem. Sears,
Ward, and Penney would have to go to
Taiwan, Korea, or elsewhere in Southeast
Asia. Even if the various governors from
the United States who go over to Japan to
lure industry into their states were successful
in getting all the Japanese companies to
make their receivers in America, there still
would be more than a million sets imported,
simply because of the price that the big
retailers want to offer.

There is a certain validity to these
arguments, but let’s pose some other questions.
For one: In a period of consumerism, isn’t
it part of the Government’s responsibility
not to interfere with the consumers’ right
to get products for the lowest possible price?
In other words, consumerism in trade
decisions may have arrived. Does the
American citizen have a right to buy the
cheapest Tv set he can get? If so, it’s up to
those manufacturers to meet the competition
through greater productivity. After all, the
Japanese took steps two to three years ago
to automate, reduce parts count, cut power
requirements, and improve productivity in
order to survive the 1974 oil crisis. It’s now
paying off, while American makers are still
stuck with high costs.

If the U.S. companies are not truly
competitive, no amount of Government
support will help in the long run. If they
are, no Government support is really needed.
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Magnecraft adds the Class 78...
to make the most complete line of
General Purpose Relays. Anywhere.

Class 78 type relays are widely used, general
purpose relays. Slightly larger than one cubic
inch, these relays provide the most switching
capability per cubic inch that your money can
buy. And theyre interchangeable with all
comparable types.

signed with great flexibility, and in a wide
nge and DC coil voltages, the Class 78
combinations are 4PDT for 1,

d DPDT for 6 and 10 amp
hod |

YNT{a

Barriered contacts available on some versions
for opposite polarity switching. All relays are
available with either solder, or P.C. terminals.
The 4PDT version is also available with
bifurcated contacts. A full range of sockets
are also available. This includes screw

terminals, solder and printed circuit types.

For complete information and specifications,
WRITE FOR OUR CLASS 78 BULLETIN.
Magnecraft Electric Company, 5575 N. Lynch
Avenue, Chicago, lllinois 60630.

Magnecraft

ELECTRIC COMPANY
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"EXPRESS
DELIVERY"

Pricing...
On %mq&
PP Swuiteties

PROTOTYPE OR
PRODUCTION RUNS-
ALL AT
STANDARD PRICING

Send For New ‘76 Catalog Or
Call our Hotline For Name
Of Your Local Representative
Or Stocking Distributor.

(201) 374-3311

RCL Electronics
General Sales Office:
700 So. 21st Street
Irvington, N. J. 07111
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Van Deerlin: helping the
law catch up with technology

Lionel Van Deerlin’s justification for
revising the Communications Act of
1934 is simple: technology has
outpaced the law. Says the new
chairman of the House Interstate
and Foreign Commerce subcommit-
tee on communications, ‘Yester-
day’s technology and yesterday’s law
covering that technology are as out
of date as the Dead Sea scrolls.”

Yet the 62-year-old California
Democrat, a print and broadcast
journalist in his home town of San
Diego before his first election to
Congress 14 years ago, gives the
impression that his views of the
changes that should be made may be
different from those of AT&T and its
allies sponsoring the Consumer
Communications Reform Act of
1976 [Electronics, March 4, p. 33].
In opening three days of preliminary
hearings at the end of September on
“the Bell Bill,” Van Deerlin warned
the telephone industry *‘that those
arguing for restraints on competi-
tion” must *‘accept the burden of
proof.”

In any event, the subcommittee
will chart its own course in rewriting
the law, beginning with a study next
year that will look carefully at the
Federal Communications Commis-
sion’s spectrum allocations, as well
as at communications alternatives
that do not employ spectrum space.

Law man. Lionel Van Deerlin (D., Calif.)

heads subcommittee studying the Bell Bill.

Beyond laws affecting domestic
common carriers, the subcommittee
is also responsible for legislation
covering commercial and public
broadcasting, cable television, com-
munications satellites, and radio-
frequency allocations including cit-
izens’ bands.

First view. The jam-packed hear-
ing room on Capitol Hill provided
the first view of Van Deerlin in his
new role as subcommittee chairman
since he succeeded the" late Rep.
Torbert MacDonald in April. A self-
styled *‘early exponent of consumer-
ism,” Van Deerlin had chaired the
commerce unit's subcommittee on
consumer protection and finance.

At the hearings, he challenged
AT & T and other telephone company
leaders to disprove the FCC’s
“exhaustive inquiry” which found
*“that any impact of competition on
residential [telephone] rates will be
limited, [and may even] have the
effect of reducing rather than raising
residential rates, and is, in any case,
manageable by making certain poli-
cy adjustments.” Yet the commis-
sion, Van Deerlin added quickly, is
not infallible, and he called for a full
airing of both sides of the issue.

Van Deerlin’s visibility in his new
assignment is sure to increase when
the Bell Bill is reintroduced next
year in the 95th Congress. The Cali-
fornian, convinced of the importance
of the legislation to the future of
American telecommunications, is al-
ready making plans to keep his
fellow legislators informed. Every
new member of the House will
receive a transcript of the initial
hearings with a personal note from
the chairman when the new Con-
gress convenes in January.

GTE’s Sacra has hopes for
smaller earth-station terminals

The recent reorganization of Gener-
al Telephone & Electronics Corp.
elevated Glenn H. Sacra to the presi-
dency of GTE International Systems
Corp. in Waltham, Mass., which
designs and builds communication-
satellite earth stations and micro-
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Whydrawie
when you can p. notograph it?
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A picture not only saves a lot of words, it saves a lot of drafting
time. And the end result is generally a lot easier to understand. So
get the best of both worlds by combining photos and line work in
your maintenance and instruction manuals, assembly and installation
drawings, and other comiplicated designs.

For more information on how this and other reprographic short-
cuts can save you money. write: Eastman Kodak Company. Graphics
Markets Division, Dept.R 6864 . Rochester, New York 14650.

Kodagraph films and papers
Versatility in reprographics
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Cast-moulded
capacitors
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\ require
small

WIMA FKS 3
1000 pF up to 0.047 pF

WIMA FKC 3
100 pF and up

WIMA MKS 3
Up to 0.47 pF

WIMA FKS 2 min

P.CM.5mm
1000 pF to 0.047 pF

are an excellent aid in designing your
|IC-equipped printed boards. Use the new
plug-in WIMA® capacitors which are

smaller and have regular

dimensions.

Write for our new catalogue.
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People

wave communications systems that
have been installed worldwide. Most
of the earth stations have antennas
ranging in diameter from 30 to 32
meters, with an installation selling
for $4.5 million to $5.5 million.

But the 45-year-old Sacra has his
sights on a new market in smaller
stations. These include the Intelsat
consortium’s ““standard B’ terminals
with 10— 13-m antennas for interna-
tional telephone and television links
that sell for $1 million to $2.2
million, and domestic stations for
intra-country communications that
range from $500,000 to $! million
and in antenna diameter from 4 to 8
meters.

Leadership. The firm recently won
contracts for standard B stations in
Upper Volta and Mali, and the low-
keyed, affable new president has
identified 20 to 30 other sales
targets. “My goal for I1SC is to estab-
lish the company in a solid world
leadership position in satellite com-
munications, which implies obtain-
ing a significant portion of those
standard B stations,”” Sacra
declares.

He would also like to win *‘one or
two more” intracountry programs
like the Algerian domestic earth-
station system, “where we would
have the total national responsibility
for a growing system.”

Satellite terminals are about 70%
of I1SC’s business, but Sacra also
wants to expand in microwaves. “We
want to expand beyond pure micro-
wave communications to telephone
switching systems and closed-circuit
TV so that we’re providing total
systems service.”

To help 1sCc grow, Sacra is
counting on its own good reputation
after completing “90% plus™ of its
projects on time and the leverage of
being part of GTE.

But a weakness he hopes to over-
come by mid-1977 is that GTE
“hasn’t been on the leading edge of
technology” in developing the equip-
ment needed for the standard B and
domestic earth stations. “But we've
been pressing very hard for these
developments,” Sacra points out,
“because over the long run [we can’t
be] dependent on outside suppliers.”
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SSR UPDATE

We've got 87 answers
to your AC solid state

relay needs.

Teledyne Relays can handle virtually any AC solid state
relay switching application. The reason? A family of
AC SSRs with 87 models — and more on the way.

We offer a broad range of voltage ratings up to 600V
peak, with current ratings from 0.5 to 40 Amps. Add to
that a variety of packages for pc board, chassis, or
heat sink mounting and you have the industry’s most
complete line of AC SSRs.

But hardware isn’t the only answer. You need assurance
of the best available applications engineering support.

‘9 TELEDYNE RELAYS

%D
> D. 671 Series

And we've got it — backed by seven years as a
pioneer and leader in SSR technology to enable you to
use our SSRs to their maximum advantage.

That know-how, for example, is reflected in Teledyne's
new 970 Series MOV transient suppressors designed
specifically to protect our AC solid state relays against
high voltage transients.

Contact your local Teledyne Relays people. You'll find
we have the experience, technical support and products
to meet your SSR needs.

h A. 601 Series*

5 and 10A (to 600V peak). Optically
isolated, zero voltage turn-on. Screw
terminals, quick disconnects, and
pcb pin options

B. 611 Series*
10, 15, 25 and 40A (to 600V peak)
Optically isolated, zero voltage
turn-on. Dual purpose screw/quick
disconnect terminals

C. 675 Series*
Low profile (0.5 max.) pc board
SSRs. Cutput rating 3A, up to 600V
peak. Optically isolated. zero voltage
turn-on

170 Converter Modules. Special
purpose SSRs for use in
programmable controllers, machine
tool controls. etc. Mounting panel
available

E. SerenDIP" Series”
TO-116 DIP package Output rating
1A/280VRMS. Logic compatible 3.8
1o 10VDC input

F. 970 Series MOVs
High voltage transient suppressors
designed specifically for use with all
Teledyne AC SSRs

*UL recognized/CSA certilied

3155 West EI Segundo Boulevard, Hawthorne, California 90250

Telephone (213) 973-4545
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CURSOR
LOCATION

Bioma 1cn s new 1650 D produces a sepetitive display outr-ut
reconstructing preciselt 5C0 bits per 'ne ‘or a 16 line timing
diagram -n a conventicnal oscilloscape o' CRT diaplay

Separate selection of individual channel outputs zlinws vigaing
of 1.2 16channels at cne time with automanc vertical excansion

Biomation’s new

- logic analyzers
] giveyou

both. T

i 8 B Map - 2ach word in memory 1s transtormed via twe DAC s 10
When YOUT JOb IS tO mterface, form a unigue dot which characterizes thit ward Al 512 words

lntegrate and program a Complex of the 1650's rnemory can be actessed for mapping The cursor

word 15 circlec 1n the map as we'l as displayed at tHe top £ the
screen in alphanumeric form Thre cursor Tay be moved to any
of the paints 1n the maj: tor positive 1.dentificat on ¢f that word
In add-tinn, a rnap of or ly 16 woeds n-ay be selected

new digital logic system, you
want as much information as you
can get.

That's why we're providing a new
set of tools which let you display
timing information as well as logic
word content—in the language of
your choice.

Our new 1650-D logic analyzer gives

you 16 channels at 50MHz. Our 851-C

gives you 8 channels at the same speed.

Accessories can now give you a logic state (i's
and 0's) dispiay of any 16 stored words: hex

or octal translation; and a vector map of

memory contents. The 8 and 16-channel logic

analyzers feature:

* Pretrigger and delayed trigger recording

* Trigger point can be easily identified

* Latch record mode for fast pulse capture

» Combinational triggering (true or false)

* Movable display cursor that stays with the
data when you switch display modes

* Display expansion, mixed or full, X5, X10
or X20

These are complex instruments and we can't
give you all significant details here. But

please write, call, or use the reader service
card. We want to get this useful information
into your hands. Biomation, 10411 Bubb Road.,
Cupertino, CA 95014, (408) 255-9500.

TWX: 910-338-0226.

HEX OR OCTAL s
TRANSLATION

CURSOR
WORD

RELATIVE
ADDRES:3

TRUTH
TABLE

Logic stzt2  provides memaory address loc.stiors binary output

ol the 1t channels and se:lectable octa or hexidecinul translabion
16 woras ire displayed at ore tims witn the cursor addres:
locationm at the top of the screen Movemen: of the cursor control
allows atcessing any 16 vords of the entire 512 werds stosed
inthe 1650 D The display control meniory can store 16 wards
while a ditferent set of 16 1s selected from the 1650 < main
memory {or a n2w recording 1s made) These two sels of 16
words c.ari then be overlayec on tte CRT Anv ditferences w.il
bhink and be easily identiviedt

o\Og\J

o {00\S ot
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Now in modular format!

Inductosyn and
resolver-to-digital
converter

®

‘ J Fegistered Trademark of

V'~ OLopmeres

The first completely modular inductosyn-to-digital converter de-
signed specifically for direct interfacing with both linear and
rotary inductosyns.

It is ideal for use with commercially avaiiable 0.1, 0.2 or 0.4
inch (or millimeter) pitch precision inductosyns.

Now, you can use the IDC-101s type Il servo conversion tech-
nique which produces 4,000 pulses pet pitch cycle . . . or the binary
version, IDC-102 at 4,096 pulses. This all-new converter gives
you both incremental and parallel output, an internal excitation
source and a zero crossing pulse. I - .

fFor high precision, the IDC-101 pro-
vides a worst-case accuracy of one part
in 2,000 (or +0.00005 in. tor a 1-in. pitch |
inductosyn). ‘

Whenever you must convert inductosyn
position information or your task is high- ‘
quality position measurement of tools or |
piecework on lathes, mills or boring ma-
chines, the iDC-101 is for you. }

We're Number One in High Performance Data Conversions.

DID]C|

1ILC OATA DEVICE CORPORATION
A Wholly Dwned S
AIRPORT {NTERNATIONAL PLAZA, BOHEMIA, LONG ISLAND, N.Y. 11716 ¢ (515) 567-5600
West Coast Office: 7337 Greenbush Avenue, N. Hollywood, Calitornia 91605 » (213) 982-6454

Subs diary ot ILC Indus‘nies, Inc

Interested engineers, write or call Harry Lewis or send for our 164-page product line catalog
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incuctosyn Corg of Amernici

Meetings

International Purdue Workshop on
Industrial Computer Systems, Pur-
due University et al., West La-
fayette, Ind., Nov. 8—11.

Joint Conference on Pattern Recog-
nition, IEEE et al.,, Del Coronado
Hotel, Coronado, Calif., Nov.
8—11.

1976 Gomac—Government Micro-
circuit Applications Conference,
Dept. of Defense et al., Dutch Inn,
Lake Buena Vista, Orlando, Fla.,
Nov.9—11.

Fourth Computer-Aided — Design
and Computer-Aided —Manufactur-
ing Conference and Exposition, So-
ciety of Manufacturing Enginecers
(Dearborn, Mich.), Dallas Hilton
Hotel, Dallas, Nov. 15— 18.

Computer Networks: Trends and Ap-
plications, itkE, National Bureau of
Standards, Gaithersburg, Md., Nov.
17.

Electronica 76 —7th International
Trade Fair for Components and
Production Facilities, Munich Fair
Authority, Munich, West Germany,
Nov. 25 =Dec. 1.

National Telecommunications Con-
ference, i:EE, Fairmont Hotel, Dal-
las, Nov. 29 —Dec. 1.

Forum on Computer Technology,
American Society of Mechanical
Engineers, Statler Hilton Hotel,
New York, Dec. 5-10.

Chicago Fall Conference on Consum-
er Electronics, IEEE, Ramada Inn-
O’Hare, Des Plaines, lll., Dec.
6—7.

Distributed Data Processing Confer-
ence, American Institute of Indus-
trial Engineers (Santa Monica, Cal-
if.), Ramada Inn-O’Hare, Des
Plaines, Ill., Dec. 7—10.

Solar Cooling and Heating: A Na-
tional Forum, Energy Research and
Development Administration, Fon-
tainebleau Hotel, Miami Beach,
Fla., Dec. 13 —15.
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What YouNeed
Is What You Get.

Ramtek’s new RM9000 modular graphics
and imagery system gives you
expandability, economy and flexibility.

Process Control: Color printing press.

Select The Performance You Need.

The RM9000's total modularity lets you select
the exact performance you need to fill your
particular application. You pay only for the
performance you need. Nothing more. And that's
like money in the bank.

Add On As You Have To.

As your needs change and grow, the RM9000's
capability will grow right along with them. A
comprehensive list of options such as expansion
from black and white to grey scale or color—even
a complete range of interactive peripherals and
additional independent channels.

Microprocessor-Controlled Raster Scan.

The RM9000 is the first raster scan graphics and
imagery system to be totally microprocessor

Electronics /October 28, 1976

Medical Imaging: Nuclear heart study.

controlled. That means you can implement a
higher-order user language to minimize program-
ming costs without a sacrifice in system throughput.

Functional. Reliable. Maintainable.

High reliability is the direct -esult of intensive
testing of compcnents and systems prior to
shipment. Solid state components and printed
circuit construction are used exclusively. Result?
No special preventive mainterance measures
are required. In fact, the RM9000 can be pre-
programmed with self-diagnostic capability.

You Need To Know More.

To fully appreciate the RM9000's capability, you
need more details. Call or write Ramtek Corpora-
tion, 585 N. Mary Ave., Sunnyvale, CA 94086.
{408) 735-8400.

rfamtek

Our Experience Shows
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It's easy toinspect,test and repair

AMP Latch multi:conductor
connectors. |

Even afte

4 ’-'
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We designed them that way. Because a mass termination
connector should help you save time and effort before,
during and after assembly.

Their unique folded contact design, with dual camming and
latching ears, assures you of four-point electrical contact
and mechanical grip for each conductor. And that means
superior overall reliability and protection. In addition, these
fork-type contacts make it especially easy to visually
inspect each termination before the cover is applied.

And even after the cover is on, each contact can still be
visually checked for proper locking and latching. Because
every AMP Latch cover has a built-in inspection port over
each termination. This also permits electrical testing without
cover removal, saving additional production time. And if
repair ever is necessary, we've made that easier, too, by
designing special hand and pen tools.

There are more reasons why you should choose AMP Latch
connectors such as quick, easy terminating with the AMP
shuttle tool, and the broad variety of pin headers and
connectors. You also get AMP backup . . . expert design
and production help that’s yours for the asking from AMP
connector engineers.

Why not contact Customer Service, at (717) 564-0100 for
complete details on the AMP Latch connector line? Or
write us direct. AMP Incorporated, Harrisburg, PA 17105.

ANMP

INCORPORATED

AMP is a trademark o AMP Incorporated.
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The one variable the world
can standardize on.

Our new Type M conductive plastic variable resistor is hard metric. A 10 mm
cube that's tiny, flexible and rugged. The MINI-METRIC is the smallest dual
pot available today. Manufactured in the United States, it's dimensioned
the way the rest of the world thinks. Allen-Bradley has what you need,;
or, it can be ordered through our distributors. Ask for Publication 5239.

single or dual pot or
pot/switch combinations .394-inch) for all combinations.

conductive plastic resistance
elements, £20% tolerance
standard resistance values
conform to IEC

W \ J case, bushing and shaft for
electrical 1solation

Quality inthe best tradition.

() ALLEN-BRADLEY
7

Milwaukee. Wisconsin 53204

EC131
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Itel to challenge
IBM computers next
year in Europe

AMI making LSI
chips for $550
sewing machine

RCA developing
microprocessor-based
auto data system
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San Francisco-based Itel Corp. plans to deliver its first Advanced Sys-
tem computers to Europe in the fourth quarter of 1977. The company
expects to sell 25 to 30 of these large computers in Europe during the
next 18 months. Itel says the Advanced System machines, which are
being built by a subsidiary of National Semiconductor Corp., are com-
patible with IBM 370 models. The Itel AS/5, which has the same oper-
ating speed as the 370/158 and uses similar software, is priced about
25% lower than the 1BM system. The smaller AS/4 will sell for about
the same as the IBM 3707148 but has 1.4 times its performance. Itel says
the lower power consumption and heat generation, as well as higher
operating speed of its machines, should promote sales.

A 3550 home sewing machine, to be introduced in the U.S. next month
by the Singer Co., will contain custom p-MOS metal-gate, ion-im-
planted LSI chips supplied by American Microsystems Inc. of Santa
Clara, Calif.

The Singer-designed chip has a read-only memory for programed
pattern storage and input/output recognition circuitry that outputs to a
servo amplifier to drive the needle for ““feed and bite” functions. For
cost reasons, the chip for the new machine, called the Diana, has fewer
stored programs than the LSI devices also being supplied by AMI for
Singer’s first electronic sewing machine, the $800 Athena 2000, intro-
duced last year. Singer is seeking multiple sources for the new chip.

AMI also is supplying custom microprocessors for Singer’s new in-
dustrial self-programable sewing machine, the Centurion, whose
“*brain” is capable of remembering more than 100 different sewing
tasks and reusing any one at any time. Intel Corp., also of Santa Clara,
1s supplying ROMs for the Centurion, which will be available in De-
cember and will cost up to $3,000.

RCA Laboratories in Princeton, N.J, is developing a microprocessor-
controlled information system that will monitor the operating condi-
tions of an automobile and even brake the car in an emergency. The
work is being done under contract to Minicars Inc. of Goleta, Calif.,
for the research safety vehicle program sponsored by the National
Highway Safety Administration. The system will present dashboard in-
formation and other data such as rate of fuel consumption and engine
rpms in luminescent orange alphanumerics.

The system uses a standard, commercially available RCA Cosmac mi-
croprocessor to process information from sensors mounted throughout
the vehicle. In determining the probability of a collision, the micro-
processor considers return signals from an RCA-developed microwave ra-
dar, which shows the vehicle’s direction and speed, as well as obstacles
and the location, speed, and direction of other cars. If the lights or
windshield wipers are on, indicating poor driving conditions, the mi-
croprocessor includes this information in continually calculating in
thousandths of a second the probability of collision. The system can
also be used with an automatic cruise-control system.
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Air Force seeks
long-range optical
recon system

Motorola first in U.S.
with 3-leaded devices

in SOT-23 packages

26

Vector shrinks
airborne telemetry
discriminators

Sweda to market
Data General’s
POS system

Addenda

Electronics newsletter

To augment its airborne radar and infrared day-and-night reconais-
sance capability, the Air Force will probably award a development
contract in December for a long-range electro-optical reconaissance
system that would be able to discriminate between small targets at
ranges of 20 to 30 miles. The camera images would be relayed to the
ground in real time via a data link, where processing and interpretation
would be done.

The development contract from the avionics laboratory at Wright-
Patterson Air Force Base, Dayton, Ohio, isn’t expected to top $3 mil-
lion. but the production potential would be substantially greater. The
system is supposed to be operational in the 1980s. Bidders for the de-
velopment award include Actron Industries division of McDonnell
Douglas Corp.. Chicago Aerial Industries division of Bourns Inc.. Fair-
child Camera and Instrument Corp.. Itek Corp.. and Perkin-Elmer
Corp.

Motorola Semiconductor Products division is about to become the first
U.S. producer of three-leaded devices in the popular SOT-23 package
[ Electronics, July 22, p. 99]. Prototype production is scheduled to start
during the first quarter of 1977, with full production due during the sec-
ond quarter. The package. now being used heavily in commercial hy-
brid circuits, will be dubbed MiniBloc by Motorola.

The Vector division of Aydin Corp. in Newtown, Pa., is marketing air-
borne telemetry receiving systems, beginning with a line of micro-mini-
ature discriminators. Using the hybrid technology and packaging tech-
niques developed for its voltage-controlled oscillators and other
telemetry transmission equipment, Vector has come up with a discri-
minator that consumes less than 1.5 watts per channel. In its 1.42-by-
1.38-by-2.18-inch package. the device is about one third the size of
presently available units but, at $600/channel, is also more costly. Each
of three modules in the discriminators has two 1-in. hybrid substrates.
The three-ounce discriminators, the ABD-111 series, are for airborne
fm receiving systems such as those used in missiles, remotely piloted
vehicles, and space vehicles with tight space, weight, and power-con-
sumption constraints.

The Sweda International division of Litton Industries has purchased
the worldwide distribution rights to the supermarket point-of-sale sys-
tem announced by Data General Corp. In August 1974, legislation
frustrating development of that market had the Southboro, Mass., dis-
couraged the minicomputer maker from pursuing it. Under terms of
the agreement, Sweda will buy some $40 million in Data General
products through 1980.

Wema estimates worldwide semiconductor shipments by U.S. makers
this year will total $2.536 billion, although the volume through August
indicates the total could top that figure. With shipments for that month
hitting $277 million, the first eight months of 1976 saw shipments soar
to $2.186 billion.
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Give your data communications
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system a little goose and it'll put out
ten imes as much.

Open up the back of any Data General com-
munications system, pop in our single-board

DCU/50 Data Control Unit, run through alittle
step called COMGEN and stand back. Because
that system can start pumping out ten times
as much data. And possibly a good deal more.

What makes this all possible is a rather
clever piece of engineering.

We've designed the DCU/50 as an intel-
ligent programmable controller. So it takes
over jobs the CPU used to do. Things like
character handling and code conversion.
Which frees up the CPU processing power
and speeds up total systems throughput.

On the other hand, you may not need
more throughput. Instead, you may need
more lines or different types of lines. Both of
which are just as easy to get. You just plug in
some different boards.

We make modular synchronous and
asynchronous multiplexors you can mix

in any proportion. They can handle any-
thing from one to sixteen lines, are fully
software supported and work equally well
with or without the DCU/50.

Which brings up a rather significant point.

When you buy your communications
equipment from Data General, you can get
exactly what you need right now. And later,
if you need more throughput, more lines or
ditferent types of lines, you won’t have to
throw out anything. All Data General com-
munications hardware and soltware are ccm-
pletely compatible. So you can add on to what
you already have.

Write for our free brochure, “The Sensible
Way to Use Computers in Data Communica-
tions”” and detailed information about the
DCU/50 Data Control Unit.

And if that isn’t enough information, we'll
send a sales engineer who can also put out
ten times as much.

DataGeneral

Data General, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75 1 16. France. Data General Australia, Melbourne (03) 82-1361

Circle 27 on reader service card



DELCO’S NEW 25-AMPERE HIGH VOLTAGE

DARLINGTONS WITH THE SPEED
AND ENERGY CAPABILITY
YOU ASKED FOR.

Good news for motor
speed control designers who
have expressed a need to
upgrade horsepower ratings.
The 25-ampere gain of these
new Darlingtons permits
increased horsepower
ratings of existing AC motor
speed control systems and
a reduction in paralleling in
new designs. However,
grouping of t.« is available for
current sharing in designs

MAJOR PARAMETER LIMITS

hfe  hFE Ve 'CE g
Ve @2a @10A (sus) a0, @boty
OTS4066 5 75 350V 35V  0.25mA
DTS4067 10 150 350V 20V  0.25mA
OTS-4074 5 75 350V 35V  0.25mA

DTS-4075 10 150 350V 2.0V 0.25mA
TYPICAL SWITCHING
DTS-4066 D75-4074
DTS-4067 DT5-4075
Ir 0.5us 0.5us
ts 5.0us 3.2us
if 45us 1.0ps

NPN triple diffused silicon Darlingtons are packaged in solid
copper cases conforming to JEDEC T0-3 outline dimensions.

SAFE OPERATING CURVES

COLLECTOR CURRENT (AMPERES)

o ‘ SOUARE PULSES OF THE SPECIFIED S——is——
§— LENGTH AT A REPETITION RATE OF = ;_;
-4 PULSES PER SECUND SmEnE

[
I R e

0.01 | 1 | 01—
1

COLLECTOR-EMITTER VOLTAGE (VOLTS) I
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with parallel Darlingtons. A
speed-up diode is built
into the DTS-4074 and
DTS- 4075 permitting
data sheet t; typicals of
1.0 us. Drive circuit
technlques involving
I, = 2 A and a Baker clamp
produce t; typicals in the
0.4-0.6 us range for the
DTS-4066, DTS-4067,
DTS-4074, and DTS-4075.

Our experience with
tolerances, faults, transients,
and start-stall conditions in
most systems convinces us
that these Darlingtons have
the right trade-off between
speed and peak power
handling capability. Note the
greater than 10 kVA region
of the reverse bias safe
operating graph. All this,
and you still get Delco’s
traditional solid copper
TO-3 hermetic package that
has a conservative 0.75°C/W
thermal resistance.

These Darlingtons are
already in high volume
production and are available
on distributor shelves.
Prices, applications litera-
ture, and data sheets from
your nearest Delco sales
office or Delco distributor
can complete the story on
these new Darlingtons.

Features
of Delco’s

new DTS-4066,
4067, 4074, 4075
Darlingtons.

U Upgrade
existing ~
motor &
speed % .4
control _
horsepower &
[0 Reduce need¥t
ing in new systems.
U] Offer switching speed
improvements over our
earlier types.

O Achieve greater than

10 kVA peak power
dissipation.

[} Available with t.: groupi
J Delco hermetic copper
package with 0.75°C/W.

(O Currently in high volume
production.

‘x.

208/220 Vac,
3d> MOTOR SPEED CONTROL

! I ) s - 56 WVERTER - - =~
) [ pase BFH - i
UNLIUNCTION [+ it Fiens [ canue ,'O’f
L JiL [

___________________________
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EMITIER

SPEED-UP DIODE
USED ON DTS-4074/4075 ONLY

./Dislribulors Div.

36 DARLINGTON INVERTER
DTS-4066-4067
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NOW AVAILABLE FROM THESE DISTRIBUTORS
IN PRODUCTION QUANTITIES.

ALABAMA

BIRMINGHAM
Forbes Distributing Co., Inc.
(205) 251-4104

HUNTSVILLE
Powell Electronics
(205) 539-2731

ARIZONA

%, PHOENIX
i Sterling
Electronics, Inc.
(602) 258-4531

CALIFORNIA

GARDENA
Electronics

Bell Industries
(213)321-5802
GOLETA

R.P.S. Electronics, Inc.
(805) 964-6823

LOS ANGELES
Kierulff Electronics, tnc.
(213) 685-5511

R.P.S. Electronics, Inc.
(213) 748-1271

PALO ALTO

Kierulff Electronics, Inc.
(415) 968-6292

SAN DIEGO

Kierulff Electronics, Inc.
(714) 278-2112

R.P.S. Electronics, Inc.
(714) 292-5611
SUNNYVALE

Bell Industries

(408) 734-8570

MIAM| SPRINGS
Powell Electronics/Florida
(305) 592-3260

ILLINOIS

ELK GROVE VILLAGE
Kierulff Electronics, Inc.
(312) 640-0200

SKOKIE

Bell Industries

Electronics Distributors Div.
(312) 282-5400

NEW JERSEY

CINNAMINSON
Wilshire Electronics/
Philadelphia
(609) 786-8990
(215)627-1920

CLIFTON

Wilshire Electronics/
New Jersey

(201) 340-1900

(212) 244-8930

DTN NEW MEXICO
ALBUQUERQUE

INDIANAPOLIS | Sterling Electronics

Graham Electronics (505) 345-6601

Supplg, Inc.

(317) 634-8202 NEW YORK

MARYLAND BINGHAMTON

BALTIMORE arvey Electronics

RESCO/Baltimore
(301)823-0070

MASSACHUSETTS

BILLERICA

Kierulff Electronics, Inc.
(617) 935-5134

(617) 667-8331

NEWTON

The Greene-Shaw Co., Inc.
(617) 969-8900

MICHIGAN

LIVONIA
Pioneer/Michigan
(313) 525-180

MINNESOTA
LORADO
£oLo MINNEAPOLIS
DENVER Stark Electronics Supply Co.

Kierutff Electronics, Inc.
(303) 371-6500

CONNECTICUT

NORWALK
Harvey Electronics
(203) 853-1515

FLORIDA

CLEARWATER
Diplomat/Southland
(813) 443-4514

(612)332-1325
MISSOURI

KANSAS CITY

Walters Radio Supply, Inc.
(816) 531-7015

ST. LOUIS

LCOMP-St. Louis

(314) 647-5505

CLAMPED
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(607)748-8211
BUFFALO
Summit Distributors, Inc.
(716) 884-3450
FARMINGDALE
Wilshire Electronics/
Long Island
(516) 293-5775
FREEPORT
Mit rag/New York
(51%) 46-6000
WOODBURY
Harvey Electronics
(516) 921-8700
(212) 895-9260

OHIO

CINCINNATI

United Radio, Inc.

(513) 761-4030
CLEVELAND

Pattison Suppty Co.
Industria! Electronics Div.
(216) 441-3000
DAYTON
Pioneer/Dayton

(513) 236-9900

OREGON

PORTLAND
Almac/Stroum Electronics
(503) 292-3534

PENNSYLVANIA

PHILADELPHIA
Almo Electronics
(215) 698-4000

PITTSBURGH
CAM/RPC Electronics
(412) 782-3770

SOUTH CAROLINA

COLUMBIA

Dixie Radio Supply Co., Inc.

(803) 779-5333

TEXAS

DALLAS
Sterling Electronics
(214) 357-9131

HOUSTON
Harrison Equipment

Co., Inc.
(713) 652-4700
Sterling Electronics
(713) 627-9800

WASHINGTON

SEATTLE
Almac/Stroum Electronics
(206) 763-2300

Kierulff Electronics, Inc.
(206) 763-1550

SPOKANE
Almac/Stroum Electronics
(509) 928-0679

IN CANADA:

Zentronics Ltd.

Toronto (416) 787-1271
Ottawa (613) 238-6411
Montreal (514) 735-5361

OVERSEAS:
EUROPEAN
INQUIRIES:

European Parts &
Accessories Marketing
Grou

General Motors Continental

Plant 2, Noorderlaan,
Postbus 9

B-2030, Antwerp, Belgium

ALL OTHER
OVERSEAS
INQUIRIES:

General Motors Overseas
Operations

Parts & Accessories Dept.

767 Fifth Avenue

New York, N.Y. 10022

(212) 486-4412

DELCO ELECTRONICS
REGIONAL SALES
OFFICES

Charlotte, North Carolina
28209

4600 Park Road
(704) 527-4444
Van Nuys, California 91404

Box 29
(213) 988-7550

GENERAL SALES
OFFICE

700 E. Firmin, Kokomo,
Ind. 46901
(317) 459-2175

Electronics

Division of General Motors
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Bite-sized
8080A systems
make big boards hard to swallow.

Simple, flexible, standardized Pro-Log 8-bit microprocessor systems a best buy for OEM’s.
We sell 8080A, 6800 and 9002 microprocessor cards two ways; as complete single

or multicard systems, or as individual CPU and support cards so you can build a system of

your owr.
Our cards are all standard 4.5" by 6.5” with 56 pin edge connectors. They fit into stand-

ard card racks. To keep you from being tied to a specific semiconductor manufacturer for parts,

delivery and pricing, our 8080A and 6800-based systems use only second-sourced parts.
Buy 250 of any particular card and we throw in free its manufacturing and assembly

plans and non-exclusive rights to manufacture it, allowing you to build your own hardware,

relying on us as an established and dependable second source.

We've got 4-bit systems, instruments, education and literature, too.

4-bit 4040 and 4004 systems; 4- and 8-bit microprocessor system analyzers; PROM
orogramers; a half-day economics seminar for decision makers, a three-day hands on
design course for engineers; manuals and support documentation.

Calil or write for data sheets or a free copy of The Microprocessor User's Guide.

2411 Garden Road
Moasterey, CA 93940
Telephone (408) 372-4593

D PRO-LOG CORPORATION
d TWX 910-360-7082

A new, expandable

plug-in CPU card (8821)

Our “bufferes bus” 8821 processor card
unplements the 8080A as a fully TTL buffered
microprocessor. Add one 1O card and it becomes
@ complete two-card system. Or expand it to use
full 808CA memory and I/O capability—it's
compatible with all the Pro-Log ROM. RAM and
1/0 modules shown here plus many more. The
8821 costs only $190 in 100-piece guantities. We
also have equivalent cards implementing the
6800 and 3002 microprocessors

Crcle 30 on readerservice card

A new one card

system (PLS-881)
Our 8080A-based PLS-881
gives you everything you need for
simple dedicated control. it includes
1K bytes of RAM, sockets for 4K bytes
of ROM program memory, interrupt input,
crystal clock, power-on and external reset,
three 8-bit output ports, and two 8-bit input ports.
It costs only $195 in 100 piece quantities.
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Significant developments in technology and business

Four-level logic
coming next year
from Signetics

I’L process is applied

to current-mode thresholding;
circuit area reduced by 75%
and pin counts cut in half

Practical nonbinary integrated cir-
cuits are about to elbow their way
onto the digital logic scene. The
Signetics Corp. breakthrough prom-
ises to increase the information-
processing capability of bipolar
large-scale-integrated devices 4 to 10
times—and in theory the increase
could be 1,000 times.

The firm’s first multivalued cir-
cuits use integrated injection logic
and current-mode thresholding for a
four-level logic (0, 1, 2, 3), according
to David Kleitman, vice president of
rescarch and decvelopment at the
Sunnyvale, Calif., subsidiary of
Netherlands-based Philips (sce p.
56). They are the precursors of a
binary-compatible Quad Logic fami-
ly of devices, which the company
expects to sample in the second half
of next year.

“In such circuits, metal conduc-
tors carry either 0, 1, 2, or 3 quan-
tized units ([levels] of current—
double the number of information
bits in a binary system—with the
result that pin counts can be roughly
halved,” Kleitman says. “And cir-
cuits have been built that occupy one
quarter the area necded in standard
121 with the same design rules and no
extra processing steps.”

With increased production experi-
ence, he says, there is no practical
impediment to the development of
ICs using octal (8-level) and decimal
(10-level) logic systems.

Electronics/ October 28, 1976

Multivalued. or multilevel, logic
circuits until recently were consid-
eredinteresting, butonly a theoretical
possibility. But it has been only with
the development of high-density cur-
rent-mode threshold techniques like
emitter-coupled logic, and more re-
cently 12, that designers have begun
to think about multilevel-logic ICs.

Signetics, however, has a signifi-
cant jump on any competitors —two
years of work on what it calls multi-
threshold 121, almost two dozen
patents pending, prototype produc-
tion runs on some of the basic
circuits, and commercial production
experience with a binary version it
calls threshold-function 1.

Building blocks. The Signetics
developers found that by adapting
other circuit techniques—such as
emitter-coupled threshold detection,
analog current mirrors, and in-
put/output weighting, the basic 12t
gate would perform threshold logic.

The ability to discriminate among
several input thresholds is derived
from binary-based EcL. It differs,
however, because 121, basically a
current-mode rather than voltage-
mode logic, requires a conversion
from current to voltage at its output.
This conversion is adapted from
operational-amplifier circuits that
use current-mirroring techniques to
produce a current that varies linearly
with the applied input voltage.

Input weighting is achieved by
adjusting the size of the output
collectors of the npn transistor in the
121. gate. Collectors of different sizes
and different biases arc connected
together to form weighted sums. In
addition, a current differential am-
plifier —another analog technique —
is used to perform most of the

Quad world. Metalization is most striking
feature in photos of multivalued logic. At top
is a three-input max function (similar to a
binary OR), next is a quantizer (a 4-bit a-d
converter) and last a triple-complement
circuit (like a binary triple inverter).

threshold detector functions.

To test the concept, Signetics built
several commercial 1Cs that have
threshold-function gates with binary
inputs and outputs externally but
multilevel weighted summing and
detection schemes internally. Used
in the input control logic of a de-
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skew first-in, first-out memory,
called the 8X04 [Electronics, Jan. 8,
p. 129], such gates were used to
determine if the memory was one-
fourth, one-half, three-fourths, or
completely full. If ordinary tran-
sistor-transistor-logic circuitry or
even standard 121. had been used, at
least 4,000 transistor devices would
have been required. In this ap-
proach, there are only four.

Quad Logic. “Because of the wide
array of weights and threshold
combinations,” says circuit research

manager Keith Russell, *“it’s a rela-
tively simple matter to extend the
technique to multi-valued circuits.”

Using weighted outputs and inputs
and a multilevel threshold detector,
Signetics has built Quad Logic
structures that perform functions
roughly equivalent to binary func-
tions such as ““AND. OR. INVERT, as
well as more complex ones such as
multiplexing. In multilevel logic ter-
minology these are, respectively, the
“min”, “max”, “complement” and
“T-gate” functions. d

Military

Norden uses microprocessor from Marconi
in artillery computer for the U.S. Army

Generally, Mps aren’t known for
fighting the Army’s front-line bat-
tles. But, when Mp stands for micro-
processor, the U.S. Army expects the
computer-on-a-chip to make quite a
name for itself as a battlefield hero.
Out to see that happen is United
Technologies Corp.’s Norden divi-
sion in Norwalk, Conn.

Winner of a $6.2 million contract
to develop the battery computer
system for the U.S. Army Electron-
ics Command at Fort Monmouth,
N.J. [Electronics, Oct. 14, p. 77],
Norden is banking on micropro-
cessor technology for its multirole
central-computing system designed
to perform general artillery comput-
ing tasks. The BcCs, which will not
enter production until late 1978 or
early 1979, according to Norden
president Peter Scott, is targeted for
fire-control jobs by all active field
artillery units of the Army as well as
National Guard and Reserve units.

Surprise. Norden’s winning proposal
surprised some in industry who were
expecting it to bid a system based on
a military version of the PDP-11
computer from Digital Equipment
Corp. in Maynard, Mass. Last year
DEC licensed Norden to militarize its
small, highly successful commercial
computer, but Norden's initial PDP-
11 entry won’t be ready until later
this year. For the battery computer,
the firm teamed with Marconi Space
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and Defence Systems Ltd. of Eng-
land, a Gec-Marconi Electronics div-
ision that has been using micropro-
cessors in advanced fire-control and
gunnery-data systems it designs and
builds for European armies.

It will use a new Marconi-
designed microcomputer built
around a standard, commercially-
available 4-bit microprocessor slice,
says Peter Lewis, assistant managing
director of the Marconi division.
And the memory of the rugged,
portable system can be expanded
with plug-in modules.

The microcomputer is one of a
family employing similar architec-
ture that Marconi used in earlier
fire-control systems. ‘It emulates
the earlier members of the family so
that it can use a lot of the previously-
developed software,” he notes.
“However, the BCS will be much
more sophisticated than our earlier
systems.”

In its role as the primary subcon-
tractor for the BCS™ development,
Marconi is responsible for the opera-
tional software and the gun display
unit, a hand-held display with its
own microprocessor to control “‘all of
the information that a section chief
requires to engage a target,” says
Lewis. Installed at each gun site, the
display unit looks like a large calcu-
lator with push buttons for calling
up specific data, such as azimuth

and elevation of targets, fuze
lengths, and number of rounds left,
to be shown on its light-emitting
diode display.

Army Electronics Command pro-
ject engineer Mike Simpson says the
microprocessor-based battery com-
puter system will be used “primarily
as a replacement for Fadac [the
current field-artillery digital auto-
matic computer], which is fading out
of the Army’s inventory, as well as
for the battery display unit [BDU] of
the Tacfire [tactical fire direction]
system,” currently supplied by Lit-
ton Industries Inc.

“The capabilities of the BCS are
well above those of the 8DU,”
Simpson asserts. Pointing to its
ability to simultaneously control up
to 12 guns via direct data links to the
gun sites, as opposed to the present
network of voice links, he adds, *It
provides for increased mobility and
reduced manual error and response
times.”

In winning the prime contract,
Norden bested Litton’s Data Sys-
tems division in Van Nuys, Calif,,
and Teledyne Brown Engineering,
Huntsville, Ala., the other finalists.
Simpson notes Norden is to deliver
five systems by October, 1977, for
extensive Army testing. “We hope to
award a production contract no later
than February 1979, he says. “We
have no commitments as to how
large the production order will be,
but right now we’re thinking in
terms of 1,000 units, including 150
for the Marine Corps.” O

Computers

Burroughs plans
‘super’ machine

Burroughs Corp., whose last foray
into large-scale scientific computing
ended five years ago with Illiac 1V,
says it’s developing *‘a new super
computer designed to handle the
largest problem-solving require-
ments of science, industry. and
government.” The computer, which
won't be ready until the fourth
quarter of 1978, will use *‘an array-
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processor architecture, which will
enable it to complete vector-oriented
problems at speeds in excess of any
system currently installed or be-
lieved to be under development,”
claims Burroughs chairman Ray W.
Macdonald.

Presumably included in that state-
ment are the Control Data Star 100,
Texas Instruments’ ASC, and to-
day’s biggest, fastest system, the
Cray-1, from Cray Research Inc.,
Chippewa Falls, Wis., which also
performs vector operations. The
Cray-1 uses emitter-coupled logic
and has a memory of 0.5 to 1 million
64-bit words, based on 1-kilobit
bipolar random-access memories. In
bursts, the computer can produce
250 million results per second.

Limits. The market for such large
$5 million-and-up machines, how-
ever, is limited. Cray, in its prelimi-
nary stock prospectus dated last Jan.
28, notes *“‘the market for such large
machines consists of approximately
100 governmental agencies, corpora-
tions, and educational institutions in
the United States and abroad which
are engaged primarily in scientific
research.” Burroughs delivered just
one Illiac IV to the University of
Illinois [Electronics, Oct. 11, 1971,
p. 32].

The new Burroughs machine will
use the company’s own large-scale-
integrated logic, called Burroughs
current-mode logic. These circuits,
which are similar to emitter-coupled
logic, were previously used in the
800 family [Electronics, Dec. 25,
1975, p. 76]. The machine will be
programed exclusively in Fortran
with a new ‘vectorizing” compiler
that converts frequently used serial
Fortran instructions into vector op-
erations.

Manager. Being developed at the
company’s Great Valley, Pa., labora-
tories, the Burroughs machine will
use the large-scale B7700 processor
as its system manager, performing
under the company’s operating sys-
tem called the master control pro-
gram. The MCP has been used for
some time in other Burroughs
systems to provide automatic job
scheduling and the management of
system resources. 4
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Industrial

Microprocessors appear to make progress
in process control at Houston show

Though digital computers have been
able to handle process control for 20
years, most users still prefer control
systems that rely on electrical analog
or pneumatic contfollers. They're
preferred for their inherent reliabil-
ity—a failure shuts down only a
single control loop rather than a
complete plant.

But now microprocessor-based
controllers are attempting to bridge
the gap between single-loop controls
that make local decisions and master
minicomputers that run the entire
process or plant from a central
console. And record crowds at Hous-
ton’s Astrohall this month for the
Instrument Society of America’s
biennial international show wit-
nessed an onrush of microprocessor
products trying to gain part of a
$175 million market.

Many of the applications are still
in the buzz-word stage, however.
Design times for new process-control
systems often range from three to
five years, and many ‘‘micro-
processors™ were presented in card-
board systems mockups and non-
functioning printed-circuit boards.
Few firms put the device in the
control loop, instead assigning it to
such peripheral tasks as acquiring
data for display, or multiplexing
communications systems.

Bold move. One of the boldest
steps toward microprocessors was
taken by Honeywell's Process Con-
trol division, Fort Washington, Pa.,
earlier this year. Its TDC [total
distributed control] system uses a
16-bit processor developed jointly
with General Instrument Corp. The
CP1600 is used, not only for data

] latched-output RAM

Fastest 16-k RAM available from Mostek

Mostek Corp. has published the final data sheets for the first two versions of
its 16,384-by-1-bit random-access memory, the MK4116. The parts have
| maximum access times of 150 and 200 nanoseconds and 375-ns cycle
| times, by far the fastest of any vendor that has shown parts. The Carroliton,
Texas, memory firm, shipping through distributors, is charging $100 each for
the fast RAM and $50 for the slower one, in quantities of 100.

Mostek's data sheet is explicit. “*Our strategy is to draw a tight target for
our competitors to meet,” explains H. Berry Cash, vice president. “It's the
most fully disclosed part we've ever made.” Specifications are worst-case
only; “typical” specs are relegated to the back of the document and
displayed in graph form. In addition, Mostek includes parameters for device
characterization and guarantees performance outside of specified operating
conditions. Although the firm will ship fewer than 50,000 16-kilobit devices
this year, Cash says it will sell about a million in 1977.

Competitors Texas Instruments Inc. and Intel Corp. are reportedly still
redesigning their parts. Tl has started shipping samples of a version of its
IMS4070 that has the same pinout and timing as Mostek's, plus the Mostek
early-write and noncritical clock features. And samples of Ti's high-perform-
ance, double-level polysilicon design are expected early next year.

Others working on the Mostek configuration include National Semicon-
ductor Corp., Motorola Inc.'s Semiconductor group, Fairchild Camera and
Instrument, American Microsystems Inc., Fujitsu Ltd., and Nippon Electric
| Co. National is already shipping samples, and Intel is shipping as many
’I parts as Mostek, but they're not socket-compatible. Intel will probably be
| joined by American Microsystems and Nippon Electric in producing its

g

33



Electronics review

handling and communications with
the control room, but also for local
process control: changing sctpoints
in up to eight loops under its control
based on information coming from
other loops. However, there is manu-
al backup should the controller fail.

But an even bolder distributed
control system was shown in Hous-
ton by Electronic Modules Corp.,
Timonium, Md. Its DSC-9700 sys-
tem puts the decision power for up to
50 loops in a microprocessor with a
host PDP-11 minicomputer down-
loading instructions. By including
automatic process shutdown and
manual override, the company be-
lieves it can eliminate the risk while
spreading the microprocessor cost
around many loops.

No risk. Others are more cautious.
“We want to use the microprocessor
where it doesn’t ask the user to take
a system risk,” says William J. Kirk,
program manager for electronic con-
trol systems at Bailey Meter Co.,
Wickliffe, Ohio. “Our controls today
are single-loop analog or single-loop
pneumatic. When the microproces-
sor is cheap enough that we can use
one per loop, we'll do it.”” Neverthe-
less, the Babcock and Wilcox Co.
subsidiary has designed about 30

digital modules aimed at data hand-
ling, computer interfaces, and com-
munications applications that it will
start shipping next year. “About a
third of them use microprocessors,”
Kirk says.

Similarly, Taylor Instrument Pro-
cess Control also plans microproces-
sor-based controls. “Our goal is to
use microprocessors, but to maintain
single-loop integrity,” says Larry
Fetterly, product engineer for the
Rochester, N.Y., division of Sybron
Corp. “Sure they’re powerful and
flexible, but they’re very expensive
for single-loop control.”” Taylor will
first apply them, in mid-1977, to
replace the transistor-transistor-logic
console electronics on its new Mod
I11 analog control, he says.

Beckman Instruments Inc., Fuller-
ton, Calif., is using a single micro-
processor per loop, but only in a new
hierarchical system that’s built
around a central minicomputer. Jack
J. Murray, senior applications engi-
neer, explains, “Individual analog
circuitry is used to compute the PID
[proportional-integral-derivative] al-
gorithm. Microprocessors can be
plugged into only those controllers
that require computer monitoring
and control.” O

Opinions from grass roots solicited for
next year's professional-program plans

The U.S. Activities Board of the
Institute of Electrical and Electronic
Engineers has taken another impor-
tant step toward opening the plans
for next year’s professional program
to suggestions from its members.
The new approach was put in motion
at a weeckend meeting earlier this
month of board members and
chairmen of professional-activities
committees from local IEEE sections.
A dozen leaders were chosen to
organize meetings of members in
their sections that would review the
board’s draft of over 40 proposals for
the 1977 program [Electronics. Au-
gust 5, p. 32]. Budget for the
program could exceed $1 million.
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The idea is to establish priorities
for the proposals, to identify crucial
gaps in the proposals, and to find out
from members how they feel about
the directions the institute’s profes-
sional activities should take.

Reviews. Grass-roots task forces
have been set up that cover the three
main goals of the activities board’s
plan: improvement in financial and
economic benefits, headed by Alvin
Reiner of Washington, D.C.; im-
provement in career conditions and
opportunities, headed by Robert
Bruce of Long Island, N.Y., and
improvement in professional status,
headed by Gerry M. Goldenstern of
Los Angeles. These three men will

have two responsibilities: to review
the responses from the sections and
to prepare detailed reports on the
individual goals.

Written statements are due at the
end of this month and will be aired
by the full 16-member U.S. Activi-
ties Board at its November 12 meet-
ing. Also at this meeting, a 1977
budget proposal will be drafted.
Then, a second round of open meet-
ings for members will take place to
go over the modifications imple-
mented from the first group of
reports.

Shortcomings. However, there
may be some shortcomings to this
initial effort to solicit grass-roots
opinion, the first of its kind. The
opinions being sought must be
gathered in a relatively short time —
only about three weeks. And, only a
dozen sections out of the IEEE’s more
than 250 U.S. sections are involved.
But they represent the largest
sections, with the most active profes-
sional-activities programs. And the
leaders that have been chosen have
been among the most critical of the
IEEE's past professional activities
efforts.

“I'm guardedly optimistic,” says
task-force leader Bruce. “‘USAB has
made motions to involve the profes-
sional-activities committees and
that’s a step forward. But it’s a vast
program, and it will take time to
discuss and formulate a response.”

James H. Mulligan, Jr., IEEE’s
vice president for professional activi-
ties and chairman of the U.S. Activi-
ties Board, says: “My objective is to
tighten the feedback loops. 1 have
serious doubts that we've been
getting good data on which to base
our decisions and 1 want to find out
exactly what’s going on, what mem-
bers really want.” O

Communications

U.S. policy overhaul
urged in Congress

A thorough rewrite of the Communi-
cations Act of 1934 —and Federal
policy with it—will top the agenda
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Tektronix Oscilloscope for as little as $695°

Cost of service instruments is an important factor in any
purchase. But so is rel-ability. Now T900 Oscilloscopes give
you koth Tektronix quality and reliability at prices designed
for cost sensitive applications.

T921—Dc to 15 MHz; sirgle trace,

T900 Series—

of 2 mV/div to 10 V/div in twelve calibrated steps; regulated
power supplies and 3% accuracy. For convenience, T900
Oscillascopes are equipped with beam finder, single knob
triggering, automatic selection of chopped
or alternate mode, and automatic selec-
tion of tv line or frame display (except

single time base ................ $695* T912 Storage mecdel). T300 scopes are
T922—Dc to 15 MHz; dual trace, H compact (7x9x18 in.) ard lightweight
single time base .. ............ $850~ the quallty (only 16 1b.). They are available with a full
T932—Dc to 35 MHz; dual trace, lOW'COSt selection of accessories.
singletimebase .............. $1195* .
Te35—Dc to 35 MHz; dual frace, . oscilloscopes o Te00 0seio.
delayed sweep time base ....... $1395 »

T912—Dc to 10 MHz; bistable storage;
writing speed to 250 cm/ms; dual trace,
singletimebase .............. $1300*

Performance to Spare

All T900 scopes feature large

(8 x 10 cm), bright crts. sensitivity

For Technical Data Ci-cle 34 on Reader Service Card

——

scope or a free copy of the new T900
brochuse, write to Tektronix, Inc., P.O.
Sox 500, Beavertor, OR 97077. For
immediate assistance, call

(503) 644-0161, extension T900.

*All prices irclude 10X probes
U.S. Sales Prices FOB Beaver:on, Oregon

TEKTRONIX
- committed to
technical excellence
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of the House Interstate and Foreign
Commerce Committee’s communi-
cations subcommittee when the 95th
Congress convenes in January, ac-
cording to chairman Lionel Van
Deerlin. The California Democrat
(see p. 14) was joined in this
commitment by Rep. Lou Frey (R.,
Fla.), the subcommittee’s ranking
minority member, as the dust settled
following three hectic days of con-
troversy during preliminary hearings
in late September on telephone-
industry proposals to limit telecom-
munications competition in terminal
equipment and spegial services.

Complex issues. Congressional re-
cognition of the complexity of the
issues was evident in both House and
Senate at adjournment. Pro-compe-
tition interests were encouraged that
leaders in both branches want to
develop their own legislation from
scratch next year, rather than rely
on the various “Consumer Commu-
nications Reform Acts’ being
pushed by the American Telephone
& Telegraph Co., its Bell System
affiliates, and independent phone
companies.

To guarantee “‘American consum-
ers the best and most efficient access
to modern communications technolo-
gy.” say the two subcommittee
leaders, “we need to go back and
take a look at the whole basis of
regulation.” Competition, they point
out, is but one segment of the
problem that will require revising
present rules “from the basement to
the attic.”

At the same time, leaders of the
communications subcommittee of
the Senate’s Commerce Committee,
Vance Hartke (D., Ind.) and Ho-
ward Baker (R., Tenn.), reiterated
earlier requests for a separate
study.

IBM’s threat. Rep. John M. Mur-
phy (D., N.Y.) believes AT&T’s anti-
competition moves are directed at
potential forays into the communica-
tions field by International Business
Machines Corp., rather than at
small specialized carriers. He wants
a joint House-Senate study effort
next session. Murphy’s proposal calls
for a five-man study group to be
appointed by leaders of both houses.
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Data General picks North Carolina for software facility

Data General Corp., Southboro, Mass., says that because of the difficulty of
attracting software professionals to its New England location, it is setting up
an advanced research and development facility in the Raleigh-Durham
Research Triangle in North Carolina. The company has been searching for
the past six months for the best spot to locate the facility and settled on the
Research Triangle area because of its *‘cordial business environment’’ and its
proximity to Duke, North Carolina State, and University of North Carolina, all
of which offer advanced computer science programs. The move was
prompted by the threat of a graduated income tax in Massachusetts, plus a
“‘business environment that is extremely depressing. to say the least.”
According to the company, its software R&D budget has doubled as a
percentage of total R&D expenditures over the past two years; it is now
running at 35% to 40% and is still climbing.

Datran assets going to Southern Pacific Communications

Southern Pacific Communications Co. has bought at auction the communi-
cations network and related equipment of defunct specialized common
carrier Data Transmission Co. (Datran). Bidding began at $2.5 million, and
SPC's winning offer of $4.9 million topped that of the only other bidder,
Western Union Telegraph Co. Details of the sale should be completed by
year's end. Proceeds are earmarked for yet-to-be-determined creditors of
Datran, a subsidiary of University Computing Co. in Dallas [ Electronics, Sept.
2, p. 32]

Raytheon gets rest of Pave Paws

The other shoe has been dropped in the Air Force's program to build its Pave
Paws radars to detect sea-launched ballistic missiles approaching the U.S.
coastlines [Electronics, Aug. 7, 1975, p. 43]. Raytheon Co.'s Equipment
division, Sudbury, Mass., will build the West Coast installation at Beale Air
Force Base, Calif., under terms of a $28 million contract option exercised by
the Air Force Electronic Systems division, Hanscom Air Force Base, Bedford,
Mass. Raytheon had won an earlier $46.5 million award for the East Coast
radar, to be constructed at Otis Air Force Base, Mass. [ Electronics, April 29,
p. 36]

This group would include at least
one communications engineer, an
economist, a consumer advocate, as
well as a businessman.

“What (the Bell System) is really
worried about,” Murphy contends,
“is that somewhere down the road a
company like i1BM, with billions of
dollars at its disposal, will take
advantage of the blurred interface
between data processing and data
communications to provide services
that the Bell System thinks belong to
it.” Yet, he points out, there is little
or no mention of these questions so
far in congressional consideration of
legislative proposals. Murphy ini-
tially wanted the in-depth study to
be performed by the Federal Com-
munications Commission, but
changed his mind because of FCC’s
“vested interest in its past decisions”

and a performance record “marked
by a lack of interest, excessive delay,
and a poverty of thought.” 0

Military

Loral adding to
P-3C surveillance

The new electromagnetic threats
presented by the Soviet Union's flect
pose problems for U.S. Navy patrol
aircraft. However, the Navy hopes to
attack these problems with a micro-
computer-based electronic-surveil-
lance system being developed at
Loral Corp.’s Electronic Systems
division in Yonkers, N.Y.

Under contract to the Naval Air
Development Center, Johnsville, Pa.,
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Intel delivers
memory for

P-11/04 and
P'll/ 34‘0

Intel is now shipping high speed, low cost memory frame power supply and results in a cooler running,
for two of the hottest new minicomputers, DEC’s more reliable system
PDP-11,04 and PDP-11/34 If you've picked DEC to be your computer

That means you can get 30-day delivery and supplier, go with the best for memory, too. Intel de-
30 to 50% savings by specifying Intel, the largest £ livers a complete line of add-in
indeper.dent manufacturer of semi- 2 ¢ & and add-on memory for the
conductor memory. ,:_5 y entirs PDP-11 family

We can give you add-in memory & That puts two good names
and add-on memory, both totally com- together. Add a third — yours

patible with PDP-11 hardware and

software. Our in-4711 is an add-in mem
ory for the PDP-11 family and slides into
an available memory slot, without modifica -
tions. For add-on memory capacity, simply

attach the in-4011 memory system. You can add
memorvin 16K x 16 bit increments, up to 123K words.

with the coupon

Intel Memory Systems
1302 N Mathilda Avenue
Sunnyvale, California 94086
Please send me information on the following
Intel Memory Systems
[J for PDP-11/04, 11/34 O for PDP-11/05, 11/35

Buit with the proven Intel 2107B 4K RAM, the 0 for PDP-1
in-4711 memory is fully transparent to the CPU, with Name/Title
greater processing speed. For maximum through- Company Mail Stalion
put you can interleave two memories | Address Bhene

The in-4711's lower power consumption
permits wider operating margins on the main

intel memory systems
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REVOLUTIONARY
INSTRUMENT

IN AC & DC CURRENT
MEASUREMENT

No longer is it necessary to break the cir-
cuit to make an ac and dc current meas-
urement! This time-saving feature is
extremely useful in troubleshooting. main-
tenance. design and other fields. Now it is
possible to obtain current measurements
more easily and safely than voltage meas-
urements by use of clamp-on probes.

Model 1776 features include digital read-
out. peak read and hold capability. resolu-
tion 10 mA on lowest range, wide dynamic
range. portability with built-in recharging
circuitry three clamp-on probes. extremely
low insertion impedance.

The 1776 is the only current meter of its
type in the world!

MODEL 1776 DIGITAL
CURRENT METER
Current Ranges 10. 100, 1.000
amperes. FS.
Accuracy
DC. ~0.5%. ES.
AC. (Sinusoidal) =2.0%. ES.
Peak Detection
(D.C. Accuracy) +0.2%. ES.
Frequency Response  D.C. to 10kHz

Readout Digital (3% digit)

The Gaussmeter People

F. W Bell. Inc.

4949 Freeway Drive Fast
Columbus. Ohio 43229
614,853.7501

TWX: 810-337-2851

A subsidiany of The Amold Engineering Company
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the system is part of a general
update of the land-based P-3C
Orion’s electronics as the plane’s
mission is expanded. Loral hopes to
begin delivering its ESM system in
late 1978 for production-line air-
craft and then retrofit about 200
P-3Cs with it.

In addition to its use as a patrol
aircraft for antisubmarine warfare,
the Lockheed-California Co. plane
will also be used as a platform for
launching the Harpoon missile
against surface vessels. **But even if
the P-3C wasn’t getting the Har-
poon, we would still have a require-
ment for the advanced ESM capabili-
ty,” says Comdr. Joe Kiel, deputy
project manager for P-3C update
programs at the Naval Air Systems
Command in Washington, D.C.

Final r&D. Loral is performing
final qualification and system inte-
gration tests on the first two ESM
units, scheduled for flight tests early
next year. Like the new radio-
frequency surveillance/electronic-
countermeasures system being built
for the Air Force B-1 bomber by
Cutler-Hammer Inc.’s A1l division in
Deer Park, N.Y. [Electronics, Aug.
S, p. 36], the Loral system can use
software to change parameters even
during flight as new threats emerge.

The system can pick up and
identify such threats as surface-to-
air missiles, radar-controlled antiair-
craft missiles, and antimissile-
defense systems, points out Loral’s
division president Frank Lanza.
“We're going from analog to digital
processing to increase the system'’s
capacity and response time by
several orders of magnitude,” he
adds.

The antennas and receivers in the
present ESM system (part of the
AN/ALQ-78 countermeasures set)
will be expanded to cover the E
through [ (2-—10-gigahertz) fre-
quency bands. And the system’s
data-converter-control unit, which
had used basically analog hardware
to determine the direction and iden-
tity of enemy emitters, will now use
a Loral-built 16-bit microcomputer
to do the emitter-sorting and identi-
fication.

“With the analog hardware, we

could only measure one emitter at a
time,” says Lanza. “Typically, even
with low enemy densities (10,000 to
15,000 pulses per second), it took
seconds to sort and identify the
pulses. Even after that, you still had
high false-alarm rates.”

More pulses. But with the compu-
tational and mathematical capability
of the digital processor, Lanza
continues, ‘“you can sort and identify
about 300,000 pulses per second in
microseconds with very high reliabil-
ity.” Use of the microcomputer, Kiel
adds, automates some of the things
the operator has had to do and
relieves the load on the computer.

To sort and identify emitters, the
system notes their characteristics,
such as direction, pulse amplitude,
frequency, and time of arrival. After
being digitized, this information goes
to the central on-board computer,
which will be either the current
Sperry Univac CP901/ASQ-114 or
a new standard Navy minicomputer,
the AN/AYK-14. The emitter is
identified by the threat library in the
computer memory.

“Before, we had a limited library
in analog circuitry that could be
changed only with a change in
circuitry . This was very costly and
slow and considerably increased the
size of the system,” Lanza notes.
“Now, the same computer can do all
the computations and, if necessary,
you just add memory.” ]

Consumer

Mosquito repellers
sting only buyers

Buzz off. That’s what the Environ-
mental Protection Agency has told
New York’s Buzz-Off Products Co.
and a dozen other makers of what
EPA calls “electronic contraptions”
sold as mosquito repellers. After
extensive product testing in the
mosquito-infested Chesapeake Bay
area, the agency has declared the
repellers *“‘worthless” and is moving
to prevent their sale as well as their
importation,

So far the agency has stopped the
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Program it or modulate it ...

RCA presentsthe

variable op amp. As easy
to use as a transistor.

The CA3080variable op amp is the first differ-
ential-voltage input, current output op amp. Likea
transistor it has a control input—one that lets you
vary not just voltage but also power, bandwidth,
slew rate, input current and output current. It can
be programmed and/or signal modulated toselect
the optimum gain, speed, bandwidth and power.
And the output can sink or source current.

it puts the designer in complete charge.

This wide range of operation gives you unu-
sual design flexibility. You can create simplified
versions of present designs ... or take unique
approaches to new designs. You have linear gain
over a 6-decade range to work with. A 50V/us slew
rate. Power levels adjustable from below 1 LW up
to 30 mW. And if you need more than 1 mA output,
the CA3094 has integral Darlingtans to provide
300 mA peak output.

slex Vottage follower Multipl

In short, you can “shape” the variable op amp
to fit the job—and create big circuit savings.

How much does all this flexibility cost?
Amazingly little: 55¢ for the 3080E and 65¢ for
the 3094E. at the 1K level.

Fordatasheetsandapplication notesonthese
op amps, contact your local RCA representative.
Or RCA.

Write: RCA Solid State. Box 3200, Somerville,
N.J. 08876; Sunbury-on-Thames, Middlesex
TW16 7HW, England; Ste. Anne de Bellevue
H9X 3L3, Canada; Fuji Building, Tokyo, Japan.
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capabilities. If you have the application, Delevan can provide
thedesign

Delevan AMERICAN
®} PRECISION
Division INDUSTRIES INC

|
|

|
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sale of a variety of repellers in
Washington, D.C., New York, and
Denver and ordered major distribu-
tors in Salt Lake City and New
York to make no further sales or
shipments, according to EPA’s Stan-
ley W. Legro, assistant adminis-
trator for enforcement. But the
agency's most effective move to
prevent consumers from being bitten
is likely to come from its agreement
with the Bureau of Customs, since
nine of the 13 repellers it has tested
are imports, mostly from Hong
Kong.

Customs, which inspects incoming
merchandise, has agreed to prohibit
entry of ineffective devices and
impound others at the dock or ware-
house until they can be properly
tested. EPA’s authority stems from
the 1972 Federal pesticides law,
which prohibits false and misleading
claims in device labeling. The repel-
lers are pocket-sized, battery-pow-
ered boxes that emit sound waves
supposedly repugnant to mosquitoes
[Electronics, Oct. 2, 1975, p. 48].
They typically retail for about $20,
the agency says.

Batty. EPA cited one repeller’'s
claim that ‘it repells the female
mosquito (the one that does all the
biting) by mimicking the sound of
the bat, the mosquito’s greatest
enemy.” Legro admits, “[t’s true that
the female does the biting and that
bats do eat mosquitoes, and there is
even some scientific evidence that
certain sounds could be offensive to
some insects.” But Legro stops there.
Translating those principles into
technology has flopped thus far, he
says. “None of them works.”

In addition to Buzz-Off Products,
the agency’s list of corporate gadge-
teers hustling repellers includes Pro-
gressive Electronics Corp., Dallas,
Norris and Co., Salt Lake City, and
Trans International Corp., Chicago,
which imports its repeller from
Taiwan. Overseas makers include six
from Hong Kong— Information Sys-
tems, Ltd., HBS International Ltd.,
Beuty Industrial Co., Mascotte
Manufacturers Corp., Sonway Man-

270 QUAKER ADO./EAST AURDRA, N Y. 14052

TELEPHONE 716/652-3600 TELEX 091-293

OTHER OIVISIONS OF AMERICAN PRECISION INDUSTRIES INC |
BASCO *OUSTEX

ufacturers Ltd., and Kelly & Co.,
plus Domac Industries Pty. Ltd.,
Melbourne, Australia. O
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Mas/Ter INTERCONNECT
SYSTEM INSULATION
DISPLACEMENT CONNECTORS

High-speed mass termination
that lowers your total installed ¢
cost! Here's the most exciting :
advancement in connector tech-
nology since Cannon intro-
duced D Subminiatures—our
new Mas/Ter-D Subminiature
rectangular series of con-
nectors and Mas/Ter-UND
header series.

Designed to lower your
total installed cost with a new
level of reliability in mass terminating up to
50 conductors... quickly...error-free!

Look at these advantages: [J 25% more
conductor surface contacted. (I Integral
strain relief on the conductor insulator.
0J Uniform contact force under extreme
temperature, shock and vibration. _] Mas/
Ter-UND accommodates 26 thru 28 AWG,
while Mas/Ter-D offers two ranges of 22/24
and 26/28 AWG.

With the Mas/Ter Intercon-
nect System, the entire con-
nector is terminated at one

time with no insulation
stripping, no complex
tooling...using standard
round conductor flat
cable or individual wires,
solid or stranded. The
contact penetrates and
displaces the insulation
without severing the con-
ductor and still provides insulation support
to the wire. Integral contact spring action
wipes the conductor during termination to
produce a high-force, low-resistance
interface.

Mas/Ter-UND connectors and pin head-

ers are intermateable and intermountable
with other similar connectors, and

Mas/Ter-D pin-and-socket connectors are
fully intermateable and intermountable with

Cannon’'s D Subminiature series.

These are only the first of a growing fam-
ily of insulation displacement connectors
coming your way from Cannon.

Write or call today for new detailed
literature! ITT Cannon Electric, 666 East
Dyer Road, Santa Ana, California 92702.
Call toll-free, 24 hr. (800) 854-3573. In
California (800) 432-7063.

Six decades on the leading edge of interconnect technology.

cannon I'TT
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The only microcomputer
with the power of a PDP-11.
The PDP-11/03.

If you've been looking for a
microcomputer with minicom-
puter power at a micro price, join
the hundreds of OEMs who've
already found it with the DIGITAL
microcomputer. The PDP-11/03.

The 11/03 gives you every-
thing you could ask for in a small
computer. High performance.
Highreliability. And a low price —
just$1,357in quantltles of 50.

And that micro price buys you
mini features that quickly trans-

late into benefits OEMs appreciate.

Features like full PDP-11 instruc-
tions with eight general purpose

registers for fast program devel-
opment. RAM (MOS or Core) and
PROM memories that let you
match the memory with the appli-
cation. Hardware vectored inter-
rupts with stack processing for
real computer power. And
multiple-sourced components

for sure delivery.

Buying our 11/03 also buys
you the chance to start small with-
out staying small. Because you can
add up to 32K words of memory,
fast floating point instructions,
and more. Whenever you and
vour customers are ready.

Besides growing bigger in
size, the 11/03 lets you grow big-
gerin scope. It's software com-
patible with every other PDP-11
we offer. From our LSI-11 all the
way up to our medium scale
PDP-11/70. That means you can
take full advantage of Digital
PDP-11 software and services.

You can also take advantage
of Digital’s OEM Referral pro-
gram — your chance to take onan
international marketing and
support team without hiring
them. The OEM Referral program
can help you locate new custom-
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ers and new markets around proven microcomputer with Digital’s PDP-11/03. Call your

townand around theworld. And  proven power and performance, nearest Digital sales office.
itcan all start with the PDP-11/03.  get the micro with all the power Or send the coupon to Digital
Soif you're looking for a and performance ofa PDP-11. Equipment Corporation, May-

et o oyt ey T e 2l S ) nard, Massachusetts 01754.
Digital Equipment Corporation, Maynard, Massachusetts (617)897-5111. European head-

| [J I'm interested. Please send information. quarters: 81 Route de I’ Aire,
[J I'm more than interested. Please have your nearest Digital sales 1211 Geneva 26. In Canada:

’ representative contact me. Digital Equipment of Canada, Ltd.

Phone

50,000 computers saving
managers millions.

| City State _ Zip.

|
i Name Title |
‘(ompany | Engnuau
Address — I

|
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Two major systems —wirewrapping and multilayering—
have been used for complex electronic interconnection in the
last 15 years. Despite improvements and refinements, each
still has inherent disadvantages. That's why Multiwire was
created by Photocircuits. It overcomes the disadvantages of
wirewrapping and multilayering.

A Multiwire board is basically a customized pattern of
insulated wires laid down on an adhesive-coated substrate
by a machine operating under numerical control.

Multiwire vs. wirewrapping.

Today, interconnection costs are more important than
ever. So fake a long, hard look at a key advantage of Multi-
wire panels. They cost much less than wirewrapping in small
or production quantities.

Here's an example of how much less: a Multiwire
replacement of a 60 DIP wrapped-wire panel. Total tooling
costs were just $750. In order quantities of 1000 pieces, the
Multiwire boards at $45 each were more than $30 less than
the wrapped-wire panel. (A 40% cost savings.) Multiwire
prices also include a 100% continuity check. : e

But cost is not the only reason for the superiority of Multiwire over wirewrapping. There are also design
advantages. For example, Multiwire offers two-dimensional packaging density equal to wirewrapping. But
with Multiwire panels, you reduce board-to-board spacing. And Multiwire weighs much less too. Sa it can
contribute substantially toward improving the envelope or three-dimensiona! package o* your product.

Electrically, Multiwire is also superior. The extreme repeatablity of the manufacturing process provides
much higher electrical reliability as received —this is an important cost-saving factor. In addition. you get the
controlled impedance characteristics required without variations.

Multiwire vs. multilayering

With Multiwire, reliability goes up and inspection cost wp:::e;::d l ,T;e':'s Ax:::
goes down. Multiwire doesn't need extensive inspection — Design & fooling cost | Low VeryHigh | Low
like multilayering does— for nicks, pinholes, hairline cracks, Design& tooling time | Short | Veryfong | Short
spacing violations and bridging. Yet Multiwire regularly Istpiecedelivery | Shortic [ (oo Short
yields better than 99% reliability at incoming inspection. ' LA

Compared to multilayering, designing a new Multiwire E;zﬁ’;:::",?ﬁes High ~ |High Medium
board is a far simpler operation. Component locations and @ fgoea—-- PR i edi
wiring list are all we need. Our computer-aided system coes production quantities | " * B B
the rest. 2dimensional — Tyion  [high | High

Since the computer also takes care of deletions and/or ’3’:‘,""9'"? delns"y i
additions, engineering changes are simplified. What's more, lpoc'mr;:,zg:ns;fy Medium | High | High
Multiwire makes it easier to find paths for interconnections, [Weight High fow [ tow
because the insulated wires can cross one another. For these [Eose of changes Excellent |Foor Good
reasons we can deliver finished Multiwire boards to your |Highsr>eedeledric0| Fairto | rycellens | Excellent
door in weeks rather than months. fcmmderis"cs,r Poor

The advantages of Multiwire over wirewrapping and !lﬂ'&i’ﬁ?ﬁ:ﬂzmues Far  [Sxcellent | Excellent
multilayering vary from case to case. We'd like to help you IRepairability Excellent | Poor Good
evaluate possible time, cost, design and reliability benefits. {Controlled impedance | Foor Good Good
For information and price estimates, call the Multiwire IEIedricpl reliobility | Sood Excellent
Marketing Department at 516-448-1111. il

Mulliwire from Photocircuits

Division of Kollmorgen Corporation, Glen Cove, New York 11542
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Yalmer used
o [
yeripherals on price

Ebenezer “ltchy Palms” Palmer.
Born prematurely in the bargain
hasement of a discount department store.

Shortened his first name to “Eb” to
save writing time.

Once used a borrowed tea bag for
126 consecutive days.

And he rewarded himself with a cup
of well-aged tea.

[f vou'd like to find out how Plessey
add-on core men:ories, single and dual
disc drives and punched tape readers can
expand vour mini without depleting
vour resources, just call us today.

Prided himself on always buying his
minicomputer peripherals on price:
rock-bottom.

But “ltchy Palms” Palmer's penchant
for parsimonious peripheral purchasing
was beginning to cost him a lot in
returned devices, repairs, headaches and
lost customers.

Until one day, while eating his way
through a bag of dayv-old fortune cookies,
“Itchy Palims™ came across the follow-
INg message:

“The truly wise man pays tor his
mou peripherals only once. Plessey Micro-
svstems can expand vour mionicomputer
svstems weith a complete line of highly-
reliable, hard-ieorking nuni peripherals
that won't come back to hawnt vou. And
Plessey Microsvstems 1s part of an inter-
national billion dollar corporation which
prides itselt on providing complete and
comprehensive product support services.”

“Pay only once” smiled Palmer.
“"Won't come back to haunt me. Compre-
hensive product support.”

They were talking /i1s language.

So from that day on, Eb Palmer
bought all his mini peripherals from
Plessey Microsystems.

He ended up spending much less in
the long run.

Miser’s Delight

Plessey has delivered thousands of reliable low-cost
memories which are being used in a variety of appli
cations around the world.

Our latest offerig is more of the same: 32k
words on a single plug compatible card.

The PM-1132 core memory has an access time of
350 ns, is available with or without parity, and occu-
pies just two slots it your PDP-11 series mainframe.
The PM-1132 is plug compatible in either the stand-
ard or new modified unibus backplane, and can be
selected onany 4K address boundary. Also available
15 the new PM-S1132, an NMOS semicenductor mem
orv whichis plug compatible with the DEC MS11-EP,
FP.and JP M05 modules. The PM S115-2 contains up
1032k x 18 on asingle hex board with a 100 ns access
time and a 500 ns cycle time.

Orif 32K is more than you need. trv one of our 8K
or 16K modules with vour DEC, Data General, and
Interdata minis. Theyre all plug compatible and can
be mixed and matched with memories from the mini
manufacturers.

['sa new high in mini memory performance. And
anew low m minicomputer data storage costs.

() Ple

AN QOA G

ssey Microsystems



Look at the latest in
plasma display.




Now look at the source.

Interstate Electronics—veteran supplier of military
computer-based electronic equipment.

For over 20 years, we've designed and delivered
hardware for a range of environments, from laboratory to
full Mil-Spec conditions. Today, we're among the leading
100 defense contractors in America.

Now we're producing plasma display terminals
under multiple military contracts. Our products range from
standard off-the-shelf models to special configurations,
with display features like joy-stick interactive editing and
microprocessor control. All have the inherent advantages
of plasma display—plus Mil-Spec capability.

Your new military display source—Interstate
Electronics—a dynamic part of the Electronics Group
of A-T-O, Inc.

Give us an opportunity to discuss your operational
environment and performance requirements.

Write Sid Wing, Military Products Manager, Interstate
Electronics Corp., Marketing

Department, 707 E. Vermont Ave.,

Anaheim, CA 92802. Better yet, call INTERSTATE
him at (714) 772-2811 haalipalics

SUBSIDIARY OFA\'“'
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From the first connector to the
last termination, we can put con-
nector back panel assemblies to-
gether to your exact specifications.

We make our own connectors,
stamp our own metal, make our
own circuit boards and program
our own automatic wiring ma-
chines. Since we control every step
of the process, we can promise you

Circle 50 on reader service card

zero electrical defects on delivery.
You can minimize your capital in-
vestment by letting us do the com-
plete job. But, if you have your own
assembly or semiautomatic wiring
capability we'll stop at any point
you want. We'll even sell you just
the connectors, on 0.100, 0.125,
0.156 or 0.200-in. centerline
spacing, if that’s your need.

~
aF
gy
b .
a0
3 -

So. if you're wrapping up the de-
tails of a new product design, it's
time to start rapping with us. For
complete details, contact GTE
Sylvania, Connector Products
Operation, Titusville, Pa. 16354.
Phone 814-589-7071 TWX 510-
692-6763.

G113 SYWANIA

Our package deal:

with
or without wrapping.



Ifroying, tl'!e news

Mixed-process devices gain ground

Bi-FET and bi-MOS linear chips invade area that was exclusively

bipolar with input bias currents that are 1,000 times lower

by Lucinda Mattera, Components Editor
Mixed-process chips are moving in
on what has been the traditionally
bipolar domain of linear integrated
circuits.

Popularly dubbed either bi-FET or
bi-MOS, most mixed-process chips
have bipolar outputs and matched
field-effect transistors at their in-
puts. And because of their FET front
ends, mixed-process devices can op-
erate with input bias currents that
are 1,000 times lower than those of
bipolar chips. Additionally, they re-
spond more than 10 times faster,
offer broader bandwidths, and ex-
hibit lower noise and better stabil-
ity.
In bi-FET devices, ion implantation
is used to fabricate the input p-
channel junction FETs. With high-
energy ion beams, the low-concen-
tration dopant profile needed for
building good JFETs can be obtained
easily. On the other hand, as a rule,
the bi-MOS process involves only
diffusion, but requires an extra
masking step to define the gates for
the input p-channel MOSFETs.

Bi-FET and bi-MOsS device per-
formance is fairly evenly matched,
with perhaps a slight edge going to
bi-FET products for somewhat lower
noise and less offset-voltage drift.
On the other hand, input MOSFETs
can accommodate signals over the
full range of the supply voltage.
Finally, MOSFET inputs generally
require protection diodes to guard
against damage from electrostatic
charge.

Most of today's mixed-process
linears are operational amplifiers,
but other types of devices are begin-
ning to appear. By the end of the
year, more than half a dozen major
semiconductor firms will have their

Electronics /October 28, 1976

own bi-FET processes. And bi-MOS is
by no means standing still, with
leaders in the field planning exciting
introductions in the near future.

At this time, National Semicon-
ductor Corp., Santa Clara, Calif.,
has already announced the greatest
variety of bi-FET products, including
op amps, instrumentation amplifiers,
comparators, analog switches, and
sample-and-hold circuits. Moreover,
the firm, which will shortly intro-
duce a bi-FET quad op amp, is also
investigating bi-FET data converters
and products for telecommunications
applications.

According to James Soloman,

manager of linear design at Nation-
al, bi-FET processing, besides being
more complex than straight bipolar
technology, requires 5 to 10 times
more die area than the equivalent
bipolar function. As a result, he says,
bi-FET devices will always cost about
15% more. However, he believes that
bi-FET technology will have a signifi-
cant impact on hybrids, replacing
most of them with monolithics with-
in a few years.
Drawback. High input offset voltage
is probably the biggest drawback of
present bi-FET technology. *‘The
dimensional control of channel width
has to be about 10 times better than
for bipolar to obtain the equivalent
offset voltages,” notes Soloman. But
even with the improved dimensional
control permitted by ion implanta-
tion, a JFET pair can be matched to
within only about 3 millivolts,
whereas bipolar transistors can be
matched as closely as 0.8 mv, he
points out.

Because of the obvious perform-
ance advantages of bi-FET devices, a
number of other semiconductor

Dual technologies. This op amp from
National is a bi-FET device. It has JFETs on
the same chip as bipolar transistors.

houses are perfecting their own bi-
FET processes. Both Intersil Inc. of
Cupertino, Calif., and Fairchild
Camera and Instrument Corp. of
Mountain View, Calif., will soon
announce their versions of Nation-
al’s op amps, followed by a series of
analog switches and multiplexers.
And Signetics Corp., Sunnyvale,
Calif., a pioneer in the development
of ion implantation as a production
process, is also planning a family of
bi-FET products, scheduled for intro-
duction during the first quarter of
1977.

Texas Instruments in Dallas alrea-
dy has a family of bi-FET op amps,
encompassing quad, dual, and single
versions, and is now second-sourcing
National’s op amps. The company is
also offering a line of bi-FET analog
switches and plans to follow with
related products, like comparators.
What’s more, within a few weeks, Ti
will make available selected versions
of its bi-FET quads—input offset
voltage of the devices will be approx-

51
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imately half as large, down around 6
to 7 mv.

And early next year, Precision
Monolithics Inc., Santa Clara, Cal-
if.,, will announce an improved
version of National’s bi-FET op amp.
“For one thing, we've developed a
different circuit technique to optim-
ize the JFET matching, as well as get
rid of some unwanted effects,” says
Dan Dooley, the company’s vice
president of engineering. Instead of
input bias current doubling every
10°C, as is the case in the National
device, it will increase 1% to 2%
every 10°C.

In December, Motorola Semicon-
ductor Products, Phoenix, Ariz.,
intends to introduce its first bi-FET

device—a quad op amp. Each
amplifier in the package will have a
10-megahertz bandwidth. While spe-
cific price is not yet determined, it is
expected to be in the $5 range for
100-and-up quantities. After the bi-
FET quad, the company will second-
source National Semiconductor’s
line of op-amps.

TI occupies a unique market posi-
tion, since it has both bi-FET and bi-
MOS processes. Mixed technologies
open tremendous possibilities, says
John Spencer, applications engineer
for linears. “We've busted a dam,
and it’s really difficult to pick out
what specific direction we're going
in,” he adds. Future mixed-process
op amps will not be just simple
amplifier circuits, but systems com-
ponents like programable gain
blocks or op amps with multiplexed

Integrated neighbors. Mixed-process chips may consist of bipolar and JFET devices (a).

bipolar and p-MOS transistors (b), or a combination of bipotar and C-MOS structures (c).
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front ends that can handle a number
of different input signals, he fore-
sees.

Besides applying its bi-MOS pro-
cess to amplifiers and analog
switches, Siliconix Inc., Santa Clara,
Calif., has a bi-m0s 1€ that is half of
a chip set for a 3'4-digit analog-to-
digital converter. But probably the
most intriguing mixtures are coming
from RcA’s Solid State division in
Somerville, N.J.

The firm already has three unu-
sual mixed-process devices on the
market, among them an op amp
combining bipolar and complemen-
tary-mMoS technologies, and is plan-
ning to complete some custom
circuits for consumer applications
sometime next year. Mixed process-
ing is ideal for putting both digital
functions such as frequency division
and control logic on the same chip as
linear functions, notes the Solid
State division’s Merle Hoover, a
member of the bipolar integrated-
circuit group.

Performer. The newest mixed-
process chip from RCA is a bi-MOS op
amp having a p-Mos front end and a
bipolar output. It’s an all-around
better performer than the industry-
standard 741 bipolar op amp, says
Hoover, and even input offset vol-
tage is comparable. What’s more, he
points out, the device can be
operated from a single-polarity sup-
ply without the loss of common-
mode-voltage integrity. And the
price is good, too— the device sells
for only 69¢ each in hundreds.

Dielectric isolation can also be
used to fabricate mixed-process de-
vices. Harris Semiconductor, Mel-
bourne, Fla., the chief proponent of
dielectric isolation, has successfully
combined bipolar and n-MOs tran-
sistors on the same chip for a wide-
band inverting op amp, a current
amplifier, and a chopper-stabilized
op amp.

As might be expected, now that
mixed processing has started to roll,
new variations are beginning to crop
up. For example, at National,
designers are investigating n-channel
bi-FET devices that outperform their
p-channel counterparts. Among oth-
er things, they offer five to six times
higher gain at one-fourth the noise,
as well as faster slew rates and lower
on-resistance. O
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The smallest graphic recording system
is also the biggest in
flexibility and convenience.

"Honeywcll Modcl 1858

Data Acquisition System

Most compact.

The Honeywell Model 1858 Oscillograph is an
unbelievable 8% inches short, including plug-in signal
conditioning and internal paper take-up. The
65-pound-light 1858 is easy to take anywhere as well; it
can be used in a rack, on a table, on the seat of a caror
plane.

Most flexible.

You get up to 18 channels (expandable to 32), each with
dc to 5,000 Hz response, and a choice of 42 discrete paper
speeds . . . up to 120 inch/sec. You also get a choice of
seven plug-in signal conditioning modules, each of which
was designed to perform a specific function. Taken
together, these modules cover a wide range of input
signals, including those from transducer sources. Its new
14-channel add-on housing permits up to 32-channel
capacity, but adds only 5% inches to height. And our new
1887 plug-in signal conditioning module (one of seven)

3 Circle 53 on reader service card

For literature circle 52

provides simultaneous input signal conditioning for
magnetic tape recording and the Mode! 1858, or serial
record and playback from tape to the Model 1858.
Most convenient.

Because the Model 1858 uses a cathode ray tube and
plug-in signal conditioning modules, it is easier to use and
set up than any other graphic recorder. You never have to
waste time with pens . . . there are no inks, chemicals or
toners to worry about. Also, our signal conditioning is
calibrated in volts/division and have both trace position
and trace-off controls, so that you can position any trace
at any point across the record. The trace, if desired, may
traverse the full record width even at maximum frequency.
All these features add up to making the 1858 the most in
graphic recording.

For complete technical specifications, call or write
Lloyd Moyer, Honeywell Test instruments Division,

P.0. Box 5227, Denver, CO 80217, (303) 771-4700.
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Probing the news

Consumer electronics

Japanese press microcassettes

On the market since 1969, uitrasmall tape recorders finally
are ready to gain niche in market as sales and competition pick up

by Gerald M. Walker, Consumer Editor, and Charles L. Cohen, Tokyo bureau manager

The microcassette tape recorder, a
machine that has been struggling to
gain consumer acceptance since it
hit the market in 1969, is a product
whose time has finally come in
Japan. And, based on the history of
other Japanese consumer electronics
products, America can’t be far
behind.

One of the drawbacks of the tran-
sistor-radio-sized recorder, aside
from its initial selling price of $150
to $280 depending on options, was
that it was developed by a camera
company, Olympus. That firm has
had great success with tiny cameras,
but was not known for its skiil in
tape recorders. But the picture has
changed in the last 18 months, as
two well-known consumer-electron-
ics companies have joined the com-
petition. Now other firms are getting
set to enter. The net effect is that the
microcassette recorder has become a
viable product.

According to Olympus, total sales
in Japan by all manufacturers last
year amounted to 150,000 to
170,000 units, a drop in the bucket
in a 4-million-plus portable-tape-
recorder market. This year sales will
probably total 240,000 to 250,000
units and in 1977 could climb to
almost 310,000 units domestically.
There is very little export so far,
because the Japanese companies
have been concentrating on the
larger minicassette machines for
overseas which use standard Philips-
type tape cassettes (see table).

The microcassette reels and hous-
ing, about a quarter the size of the
standard type, was also developed by
Olympus using tape supplied by TDK
Electronics Co. Tape speed is 15/16
inch per second, exactly one-half

54

Microcassettes

Olympus, Sony,
Matsushita RQ 160

T Minicassette
Matsushita RQ 170

Dimensions {(mm) 64.5x 132.6 x 28.2

67 x 31.5 x 138 141 x 92 x 40 to

166 x 45 x 100
Weight (grams} 340 345 640 to 830
| -
Price S156 to S171 $122 S97 10 S139

that of the standard Philips cassette.
Tape width is 3.81 millimeters,
frequency response is 200 to 4,000
hertz, and running time is 30
minutes per side for one-hour total
playing time. The cassette itself
measures only 33.5 by 50.2 by 8.1
mm.

The first to join Olympus in the
market was Matsushita Electric In-
dustrial Co. which started selling the
R 160 last year for about $163. It is
made for Matsushita by Olympus,
but has different options. Then, in
March of this year, Sony Corp. got
into the act with two models priced
at around $160 and $156. They are
available in the U.S. through office-
equipment outlets. In July, Olympus
brought out a new Pearlcorder-SD
for $156 with a-m and fm radio
options at $17 and $22, respec-
tively.

New models. Last month, Matsu-
shita started selling a new model,
RQ 170, priced around $120. Early
next year, Toshiba Electric Co. Ltd.
expects to introduce one of its own at
the same price, but also is aiming for
a unit under $75, which is the Japa-
nese commodity-tax breakpoint.
Sanyo Electric Co. Ltd. will proba-
bly join the field as well.

The new Matsushita recorder
measures 138 by 67 by 31.5 mm and
with batteries weighs 345 grams,
slightly bigger and heavier than the
first model. Production economies
and use of standard components
made by Matsushita account for the
lower price, explains M. Shingai,
manager of the Audio Tape Record-
er department. In addition, the new
model has a plastic case rather than
metal.

Akiyoshi Tshitani, manager of
radio and tape-recorder sales-plan-
ning department for Sanyo, says,
“The microcassette offers a good
opportunity because there are fewer
competitors compared to the mini-
cassettes. But the problem is the
high price, which means fewer
potential customers at first.”

Studying. In the United States,
the hand-held tape players have been
sold primarily to businessmen, but
the prime target in Japan is the
student. Therefore, it’s important for
all the competitors to get prices
down. However, working in the
manufacturers’ favor is the fact that
conscientious Japanese parents can
be counted on to buy the microcas-
settes to help their children get
ahead in school.
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Multiisimction

Voltage-to-Frequency

Converter

The Raytheon 4151 is more than a
voltage-to-frequency converter. It consists of
a comparator, a one-shot, a precis2 gated
current-source-output, an internal reference
and an open-collector output.. . all on cne chip.

Make what you need. It's all in the way
you connect it up. You can make a voltage-
to-frequency converter, a frequency-to-
voltage converter or a voltage-coentrolled
pulse generator. It's up to you.

The versatility of the unique device is
truly amazing. You can externally set the out-
put pulse width by varying an impedance or
voltage level. The amplitude of the gated cur-
rent source is easily set with only one resistor.
The open-collector transistor output makes it

easy to interface with any logic family. You
can design high-performance data conver-
sion and signal generating circuits at the low-
est possible cost.

Combine the 4151 with a little external
logic, an op amp or two, possibly a 555 timer,
and you can make integrating analog-to-
digital converters, long-term analog inte-
grators, signal isolators, FSK demodulators,
frequency scalers and many, many more
special functions.

For complete details on this unique mul-
tifunction VFC, contact your local distributor
or Raytheon Company, Semiconductor Divi-
sion, Dept. 4151, 350 Ellis Street, Mountain
View, CA 94042, (415) 968-9211.
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RAYTHEON

SEMICONDUCTOR DIVISION
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COIL-LER

STOCK P.C.POWER
TRANSFORMERS

e For use with 3-terminal 1C vol
tage regulators

e Printed circuit mounting

e For power supplies for most
integrated circuit families
TTL LOGIC ECL LOGIC
CMOS LINEAR -OP AMPS

e 36 models in stock

Write or phone for complete dutu
sheet

72> CUSTOM

TRANSFORMERS,
COILS, TOROIDS

Our precision manufacturing facility
produces a full range of medium,
miniature or ultra-miniature size

transformers and coils — bobbin ot
toroidal wound. We can meet both
your specs and your delivery dates
whether for prototype, small ol
large praductions runs. Our expe
ricnced engineers are al your service.
Write or phone ftor information
or quoles.

G QUIL-LER

MANUFACTURING, INC

2-.L Town Line Circle  Rochester, N.Y. 14623
716 112.6630
Representatives in Principal Cities

56 Circle 56 on reader service card

Probing the news

Companies

Signetics warms

in Philips’ glow

Acquisition by Dutch giant fuels optimism as IC maker

prepares 80% proprietary, 20% standard product mix

by Judith Curtis, San Francisco bureau

How would you like to run a $120
million company with a $200 million
R&D budget? That, in effect, is what
has happened to Signetics Corp.
since it was acquired last year by
Philips Gloeilampenfabrieken N.V.,
the Dutch giant whose R&D and
financial resources could go a long
way toward thrusting Signetics out
of the doldrums.

And since the Sunnyvale, Calif,,
semiconductor maker slid into them
in 1970, those doldrums have at times
been deep. In that year. the compa-
ny suffered a net income loss from
the previous year of more than $8
million; the following year it was $6
million, and in 1974 the loss
approached $4 million. Employee
count dropped in the last six months
of 1974 to 5,500 from 12,000.

But the picture is changing. Sig-
netics president Charles Harwood
predicts that 1976 will see a gross of
$120 million, up from 1975’s $80
million and equal to 1974’s total.
Part of the reason is the Philips
connection, which cost Signetics 5.5
million shares of its stock at $8 a
share but, says Harwood, *“‘certainly
has helped us in the last year” tech-
nologically. He believes the effects
of the association with Philips will
really be showing by 1977 “and from
then on.” In return, Philips gains
Signetics’ bipolar and MOs expertise
plus an American base from which
to expand worldwide markets.

But still, Signetics® main
strength—and the basis for its strong
sales outlook for 1976-—lies in its
line of standard transistor-transistor-
logic products. James Reilly, who
was Signetics’ president until 1970,

Overseas help. Signetics president Har-
wood calls Philips deal a big help.

predicts, “In the short term, [the
company] will stay in the main-
stream of business’ with TT1, which
he says constitutes half its business.
The market for TTI. will be $800
million in 1980. Jon Gruber, invest-
ment analyst at the San Francisco
brokerage house of Robertson, Cole-
men, Siebel, and Weisel, notes that
“Signetics is doing better because
commodity products, especially TTL,
are harder to get.”

Cycling. Harwood admits that the
company has relied on standard
products for its strength and has not
been the technological innovator it
could be. But he plans to change that
image. Now, he says, a third cycle is
starting: “We've gone from a pro-
prietary position to industry stan-
dard back to proprietary.” By
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“proprietary,” Harwood means new
technologies developed in house—
and he predicts Signetics will be 80%
proprietary within the next few
years, compared to 20% now. For
instance, the company is building
I’L circuits using multi-level logic
(see p. 31).

The transition from follower to
leader will be lengthy and will
require a product mix far different
from Signetics’ present one: TTL
first, and analog and bipolar mem-
ory products following. The other
markets Harwood is aiming at
include MOS, microprocessors, bipo-
lar system logic, and integrated
injection logic, and to reach these,
“different things have to be done,”
admits Jack Halter, director of
marketing. First, he says, the com-
pany must “increase its applications
support, particularly in the micro-
processor area.”

Bipolar push. The thrust will be in
bipolar .81 products, using 1°L, a
technology that Signetics helped
pioneer. In fact, one industry insider
believes the company will produce
more new proprietary products in
the next year than in its entire
history, most of them 1%L. The
company also plans to become a
major supplier of 12 watch modules
and circuits.

One of Signetics’ first steps into
more proprietary products on the
MOs side was the introduction of its
2650 microprocessor, designed to
compete with Intel’s 8080. Although
Harwood acknowledges that ‘*‘our
microprocessor cffort last year was
small,”” he predicts that over the next
five years, “a larger proportion of
our business will be in MOs and
microprocessors.” With the addition
of n- and p-channel silicon-gate MOs,
Schottky emitter-coupled phase-
locked loops, and timing circuits,
Harwood expects the company to
place fifth or sixth in IC sales.

Signetics is in a strong position to
build, unlike the down year of 1974
when distributors cashed in on
escape clauses and sent back $40
million worth of inventory. The
company has ‘‘substantially re-
duced” that stock, says Harwood. As
further evidence that it is coming on
strong, he points to a 40% increase in
shipments during the first half of
1976. a
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A NEW
GENERATION
OF IMAGE
SENSORS

SIMPLICITY OF USE

Requiring less than a dollars worth of
circuitry to drive—and barely more than that
for video processing—is just one of the key
features of our new “G” series image sen-
sors. Compare the non-critical single TTL
clock needed for the “G” device to the
complex multi-phase clocks prescribed by
others.

@ You need “:@ You need
only this all these
~ for Reticon for others
HALF THE PRICE

Or even less will bring you 256, 512, 768, or
1024 sensor elements on 25u centers or up to
1728 elements on 15u centers in our “H”’
series.

SUPERIOR PERFORMANCE

Low dark current allowing low light level
operation, on-chip noise cancellation, and
smooth spectral response from visible
through infrared makes this new generation
the unquestionable choice.

APPLICATIONS

Page readers, facsimile, OCR, point of sale
readers, non-contact measurements and
inspection and many others.

RETICON

910 Benicia Avenue, Sunnyvale, California 94086
PHONE: (408).738-4266 TWX: 910-339-9343
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To be a social succeéz——’“

in Wabash, Indiana it helps to be

good at playing basketball and designing coils.

Some of us are still working on the basketball.
But their basketball game...is awful.

If you're from these parts, people expect

you to be good at one or the other. Our
engineers are ’bout the best there is when
it comes to designing coils. In fact, that’s
the reason why Wabash coils are famous
and why Wabash makes the most molded
coils in the United States, including
epoxy, nylon, and engi-

neered thermo- N
plastic and ,‘ AN
thermoset \ur ]l ) /
materials. (& )}\?\ [ QY -

’ sl //

Soon Saturday afternoons you can expect
to find them over at Don Fisher’s trying
to pick up a few pointers from the kids.

But it really doesn’t bother them as much
as they’d let you think. As Dick Kosiarek,
our Coil Engineering Vice President put
it, “George McGinnis
never designed
acoil in
his life”.

- R
( b o)
Q / Show}'cus(om engin-

eered thermoplastic and
thermoset molded coils for

automotive applications.

( /oy
Wabash, Indiana (L"i;‘

and Huntington, Indiana: Farmington, Missouri: ",
Tipton, lowa and Souih Boston, Virginia

For information and guotes write or call:
Wabash. Inc., Dept. CA-1, 810 N. Cass Sti;-Wabash: lnd«46992 Tel: 219, 563-3111 TWX 810-290-2724
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Enterprise to keep
assemblies with
counterfeit devices . . .

. . . that Rockwell,
NASA say came
from N.Y. distributor

EIA uncovers
seven cases in
53-firm survey

Electronics /October 28, 1976

Washington newsletter

The six electric-load controllers in Rockwell International’s space
shuttle. the Enterprise. won’t have to be replaced. That's NASA’s deci-
sion. even though Rockwell has discovered that the units may contain
as many as 673 transistors misrepresented as JANTX 2N2222A from
Transitron Electrc_..c Corp.

The $150.000 assemblies “check out fine” in tests, says NASA's Office
of Space Flight. despite the fact that some of the transistors were 2222A
devices from International Telephone and Telegraph Corp. and Tele-
dyne Inc. inside the Transitron can. None of the device makers is sus-
pect in what NASA’s James J. Cummings, chief of inspections and secu-
rity, says may be “fraud against the Government.” An investigation is
continuing.

Rockwell’s Autonetics operation, which supplied the six power-con-
troller assemblies for the Enterprise. says it has pulled the suspect
batch of transistors from its inventory. Tests on the lot show, Rockwell
says. *‘a failure rate of less than 0.2%"—within specifications—and no
field failures. Moreover, Rockwell points out that the assemblies have
triple redundancy built in, are intended for use only in Enterprise ap-
proach and landing tests, and were never planned for use in orbital
flights.

The counterfeit transistors turned up in a lot of 14,000 acquired in 1974
by Rockwell's Autonetics operation, supplier of the Enterprise load
controllers, from Time Electronics, a Hauppauge, N.Y., distributor
owned by Avnet Inc., explain NASA and Rockwell spokesmen. They
say Time, which is not a franchised Transitron distributor, told Rock-
well that it acquired the Transitron transistors from another source.
Time has named those sources but won’t identify them publicly.

The Electronic Industries Association has turned up seven cases of
semiconductor counterfeiting—all involving discrete devices—in a sur-
vey of 20 producers and 33 device users. In five cases another maker’s
name had been put on the device, while three cases showed a commer-
cial product from the same maker had been upgraded by marking with
a JAN or JANTX mil-spec part number. In four cases, the part was pro-
cured through a single distributor.

EIA’s new Semiconductor Counterfeiting Task Group, coordinated
by staff vice president and engineering director Allen M. Wilson, held
its first meeting at the end of September. Eleven companies represent-
ing both producers and users attended. as did five distributors, the Na-
tional Electronic Distributors Association, and the Defense Electronic
Supply Center’s Col. Floyd E. Heinzig. The group doubted that indus-
try could mount any coordinated effort against the problem. However,
individual users and military buyers like Rockwell International lean
toward buying semiconductors only from manufacturers or franchised
distributors. The EIA group is trying to develop consensus recommenda-
tions for government to cope with the problem.
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Digimetric Counts or Measures

from 1 to 9,999,999 Before You
Can Count to 9.

Digimetric is a name you can count on if you distribute
electronic parts or manufacture electronic parts or
equipment. They are machines that mean business
when it comes to counting-—high accuracy electronic
counting scales that are capable of counting one part to
9,999,999 parts in seconds.

Digimetric counting scales lend speed, accuracy, and
efficiency to shipping/receiving, stock room, and pro-
duction/staging operations, while simplifying inventory
control problems. Packing and distributing operations
also find Digimetric counting scales ideal for breaking
bulk and repacking.

A
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Hand counting items is time consuming and often inac-
curate. The Series 400 Counting Scales take the total
weight of a large number of like-items and instanta-
neously convert their mass to a quantity, which is then
displayed electronically on the easy to read display
panel. It's the fast, easy, accurate way of counting con-
nectors, transistors, semi-conductors, resistors, diodes,
grommets, or for measuring wire lengths.

If you require the collecting, storing and print-out of count
or other data, there's a Digimetric Counting System that
can be tailored to your specific needs.

Digimetric...The Machine That Business Counts On.

SYBRON |Digimetric

Digimetric Company, 730 Kalamath Street, Denver, Colorado 80204, (303) 534-1190, Telex 45-712
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Electronics international

Significant developments in technology and business

Matsushita’s ceramic filter handles
video i-f in color-television sets

With the development of a multi-
mode bulk ceramic filter for video
intermediate-frequency amplifiers,
video i-f filter design should catch up
with such color-television advances
as integrated circuits and in-line
picture tubes. Although the induc-
tance-capacitance filter now used
requires a large handful of parts, the
single 1C will provide adequate gain.
And it comes along just in time, too,
because, with the advent of in-line
picture tubes, the video i-f filter has
the greatest concentration of adjust-
ments in the Tv set.

The Matsushita Electric Indus-
trial Co. Materials Research Labo-
ratory developed a ceramic with the
desired characteristics, and its Wire-
less Research Laboratory developed
the filter. The ceramic, made of lead
zirconate, lead titanate, and lead
magnesium niobate, has a high
Poisson ratio, which aids in elimi-
nating spurious response, and a high
coupling coefficient that makes pos-
sible the required bandwidth of
about 5% with negligible ripple in
the passband. The new material is
also suitable for fabrication into the
40-micrometer-thick sheets for oper-
ation at about 60 megahertz in Japa-
nese color-Tv sets.

Similar technology is also being
used to make filters with a band-
width of about 1 MHz at the 27-MHz
citizens' band frequency. Using this
filter between two low-level stages of
the transmitter greatly attenuates
out-of-band spurious signals gener-
ated by the frequency synthesizer.

IC processing. Many filters are
formed on a single sheet of ceramic
by deposition of chrome-gold elec-
trodes through a metal mask. The
wafer is then scribed and broken into
individual chips. Each filter’s active
portion is | millimeter square by 40
micrometers thick. Two parallel
electrodes on one side of the chip
overlay a perpendicular electrode on
other side. The thickness vibration,
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or symmetrical mode, of the ceramic
sets the upper frequency pole of the
filter, while the symmetrical-mode
vibration sets the lower pole. Band-
width is primarily determined by
ceramic characteristics.

In operation, a small inductance
between the common electrode and
ground decreases the frequency of
the low-frequency pole, thereby in-
creasing filter bandwidth, and also
permitting adjustment of the low-
frequency pole. Required inductance

a capacitor is connected in series
with the inductor to permit a prac-
tical value of inductance to be used.

Both one- and two-section ceramic
filters have been used. A single-
section filter does not sufficiently
attenuate adjacent-channel audio
and video signals, and pieczonator
traps —narrow-bandwidth ceramic
filters—are used for additional at-
tenuation at these frequencies. A
third piezonator in series with a
resistor produces the shelf for the

is inconveniently small, though, and

same-channel sound carrier.

a

J
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Around the world

Process puts MOS or bipolar circuits on CCD chip
A single process may be used to integrate either metai-oxide-semiconductor
or bipolar driving circuits on the same chips with charge-coupled devices. At
the recent Third International Conference on the Technology and Applica-
tions of Charge-Coupled Devices at the University of Edinburgh, Scotland,
the Plessey Co.'s narrow-gap shadow-etch process was advocated for both
types of circuits.

The performance of the popular 741 operational amplifier was matched by
a CCD chip containing an n-channel MOS amplifier built by researchers at
the university's Department of Electrical Engineering. However, the chip’s
gain is limited to 100, and it must be used at frequencies below 10
megahertz because of MOS-technology limitations. But for frequencies
between 5 and 25 MHz, bipolar circuits were advocated by designers at
Plessey's Allen Clark Research Centre. For the MOS circuits, the shadow-
etch process effectively adds one layer of aluminum in two depositions.
However, to get the bipolar circuits, photoengraving and ion-implantation
stages are added

For high-gain and large-bandwidth amplifiers, bipolar drivers are better
than MQOS, the researchers say.

Digital thermometer gives probe choice
A digital electronic fever thermometer introduced by the West German firm
ETW GmbH is one of the smallest and fastest being marketed. Powered by a
5-volt rechargeable battery, the Digimed HO1 thermometer set will be sold in
Germany, the U.S., and elsewhere for about $250, including a battery
charger and a number of probes. The Digimed HO1 weighs only 300
grams

It comes with three types of probes—a *‘throwaway’’ version intended for
use primarily in hospitals and infirmaries, a standard type, and one for taking
the temperature of the skin surface. The probes are attached to the
thermometer by a plug-in cable so that many temperatures can be taken
quickly in a hospital ward. The throwaway type is priced at about $2.50, but
the price is expected to drop to less than $1.

A temperature reading, accurate within 0.1°C, is registered in only 2 to 3
seconds, thanks to the tiny negative-temperature-coefficient sensor made by
Siemens AG. This disk-shaped sensor is mounted at the tip of the thin probe.
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CORTRON IS WRITING
THE SOLID STATE
KEYBOARD SUCCESS STORY

A new name in Kkeyboards.
CORTRON actually has a history
dating back to 1968. when Illinois
Tool Works Inc. made news with
the introduction of its first solid
state keyboard through its Licon
Division. ITW has emerged as a
major producer of solid state key-
board products and has supplied
thousands upon thousands of
custom-designed keyboards to meet
specific customer requirements.

CORTRON DIVISION
FORMED BY ITW

With a strong market demand and
a promising future for keyboard
products. I'TW formed a new divi-
sion, CORTRON. to handie fuli
responsibilities for electronic key-
boards and key switches. Following
aproven ITWstrategy. CORTRON
concentrates a special division team
of experienced Licon design. manu-
facturing and marketing people on
this new major business opportunity.

KEYBOARD MARKET

DIVERSIFIED

Typical applications for
CORTRON" Keyboards include
data and word processing. compu-
terized accounting. production and
inventory control systems. retail
point-of-sale and remote banking
terminals. airline reservation and
seat assignment stations. typeset-
ting and text editing systems. And
new applications are continually
surfacing.

PROVEN PRODUCT

RELIABILITY
The CORTRON Division offers
proven keyboard products with an
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established reputation for excel-
lence and reliability. The

CORTRON Series 555 Solid State
Keyboard is a sophisticated elec-
tronic device. Its high reliability
protects against costly service calls
and the hardship of downtime. The
low profile alpha numeric keyboard
has the human engineered ‘‘feel”
required by your marketplace. This
promotes speed. accuracy and
greater operator productivity.

CORTRON KEY SWITCH

MAKES THE DIFFERENCE

The CORTRON Contactless
Key Switch is the heart of the solid
state keyboard. The CORTRON

Key Switch is respected through-
out the industry for its ultra reliable
100 million cycle life rating. Utiliz-
ing a ferrite core switching technol-
ogy. the key switch is mechanically
simple with only four basic parts.

CORTRON RESPONDS
TO CUSTOMER NEEDS

Since keyboard products are
CORTRON’s only business. the
ITW Division is highly responsive
to individual customer needs and
requirements. CORTRON offers
expert application engineering as-
sistance, and has the high volume
keyboard production capability so
essential to large customer de-
mands. Further. the division is
backed by the resources of ITW. a
worldwide corporation. Whether
you want to buy keyboards or build
them. CORTRON can supply the
key elements necessary to success.
For complete details, contact
CORTRON. A Division of lilinois
Tool Works Inc.. 6601 West Irving
Park Road. Chicago. Iilinois 60634.
Phone: (312)282-4040. TWX:910-
221-0275.

CORTRON is writing the solid
state keyboard success story.

TO BE CONTINUED. ..

CORTRON

THE KEYBOARD
PROFESSIONALS
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Bankruptcy sought
by Japan’s leading
calculator exporter

British firm bags
$57 million pact
for F-16 diaplays

CCD circuit
wipes out
video ‘ghosts’

Gold use halved
by plating process
from German firm
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International newsletter

Systek Corp., which had led all Japanese manufacturers in calculator
exports and was second only to Casio Computer Co. in production, has
applied for bankruptcy under the Stock Company Reorganization and
Rehabilitation Act. Systek’s debts are estimated at about $40 million, a
new record for failing calculator companies. The failure is blamed on
increased competition in low-price calculators from Taiwan and Hong
Kong and the surplus of calculators in principal markets, which led to a
decrease in new orders, cancellation of orders, and a pile-up of compo-
nents in Systek’s plants. The company also had large stock of compo-
nents for television games.

Systek, which was started in November 1968, last year had sales in
excess of $100 million, and at its peak monthly production was more
than 1.1 million units, mostly for export. The rapid downturn came in
August. In September, both components manufacturer Kyoto Ceramic
Co. and Tokai Bank Ltd. agreed to help Systek. However, they pulled
out on Oct. 12 after examining the company’s books.

Marconi-Elliott Avionic Systems Ltd. of the UK will supply the heads-
up display/weapons-aiming system for the U.S. Air Force's F-16
fighter under a $57 million contract with prime contractor General Dy-
namics Corp. The pact covers 650 F-16s for the U.S. and 348 for four
NATO countries—Belgium, Denmark, Norway, and the Netherlands—in
the so-called arms deal of the century.

Each system includes a pilot’s display unit, a digital-electronics unit,
and a rate-sensor unit. The latter two products for 430 heads-up dis-
plays will be made by Norway’s Kongsberg-Vapenfabrik in a $17.5
million deal with Marconi, which also will negotiate with a second Eu-
ropean firm for the pilot’s display unit. Marconi’s U.S. subsidiary, E-A
Industrial Corp., Atlanta, Ga., will make several full systems.

“Ghosts” on television screens caused by multipath echoes will be
eliminated if Philips’ research laboratories in Eindhoven, the Nether-
lands, has its way. The remedy is a recursive filter that is based on a p-
channel charge-coupled device. But Philips says a commercial product
will be delayed about a year.

The circuit, which provides automatic gain and polarity control, adds
a synthetically generated ghost signal to the incoming real one to wipe
out the interference caused by signal delay of 0.6 to 8.5 microseconds
over the full 5-megahertz PAL video bandwidth. Besides the four-
phase, buried-channel, 128-bit CCD, the circuit will have off-chip video
drivers and one chip for the timing. comparator, up-down counter and
digital-to-analog circuits.

West Germany’s Glaswerk Schott has developed a pure gold-plating
process that uses 50% less gold than conventional gold-plating meth-
ods. Applicable to electronic components, even those of complex
shapes, the technique makes gold layers only 0.5 to 0.8 micrometer
thick, about half that of gold layers made by other plating processes.
The proprietary technique provides smooth, poreless, pure gold layers
that are well suited for further processing steps such as resistance weld-
ing, alloying, and bonding, the company says.
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If you want to reach the most
influential group of manage
ment and professional elec
lronics engineers in Japan
were certain you couldn't
choose a more important
medium than Nikkei Elec
tronics Or a more helpful
one. either

Whenyou're thinking about
selling to our 32.329 deci
sion-makers. we offer you

Talk to the
32,329 decision-makers

in Japan’ electronics
industry.

-

our fullcommunications resources

For instance. we'll translate your ad
vertising message from English into the
kind of Japanese that we know gets
results from our readers. Then we Il set
type for you Also lay out the entire ad

for you And.
there s no extra charge
for these services

Birzoy,
"”vn."’t;—fnm
*—br,

BEDWHRY

wonder of wonders.

We'll furnish the language.

Speaking the precise lan-
guage of our very important
readership 1s just one of the
ways Nikkei Electronics gets
more value for your yen in
Japan

As the bi-weekly product
of Japan's largest business
economic newspaper and

: McGraw Hill. Inc.. were
= Dby far the most-respected
magavsine in our field. tAbout
30% of our matenal is a translation
of specialized contents from U S
Electrcnics )
As the only Japanese elec
tronics magazine that's a mem
her of the Japan Audit Bureau
of Circulation. we can guarantee
exclusivity as well as readability
Our reader profiles are computer
controlled. The better to
provide you with
up-to-the
minute informa
ttonon purchasing
patterns, reader

analysis

with 57

HI}IZ Loy i
7

s

ey

McGraw

APRE~MN L BEI LTI

studies and proper market

approaches
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The fastest
microcomputer
known o man

Want to see it again?

Just call Plesseyv and ask to see the 16-bit
MIPROC 16, the first microcompurer fast
enough for vour real-time svstems.

We'll show you three models, with
throughputs of 2, 2.85 and 4 million
instructions per second. An optional 10
megaword per second direct memeory
access channel. 82 powerful instructions
that eliminate costly, time consunung
microprogramming and hardware design
and debugging. And an architecture that
achieves this ultra-high speed with less
expensive MOS memories.

To round out vour systems, we've got
a full range of software and hardware
support. Evervthing vou need tor signal
processing and Fast Fourier Transforms,

process control and data acquisition, real-
time telemetry and data communications.
Even an extended temperature

range and/or ruggedized version for

vour military systems.

The Plessev MIPROC 16 is vours for
as little as $500 in quantity, so if youre
still paying the price of hardwired logic
just to get speed, ask for the details.

We've just brought microcomputing
up to speed.

@> Plessey Microsystems

U.S.A.: Irvine, CA (714) 540-9945
Wheaton, MD (310) 949-1664
United Kingdom: Towcester (0327) 50312
Circle 65 on reader service card







In a world increasingly dominated
by microprocessors and other digital
large-scale-integrated circuits, it
takes an exceptionally creative de-
signer to make waves in the less
glamorous linear domain. Yet, over
the past ten years, just such waves
have come from Robert C. Dobkin, a
self-taught 33-year-old engineer and
circuit designer who dropped out of
the Massachusetts Institute of Tech-
nology because he was bored.

He is now director of advanced-
linear-product design at National
Semiconductor Corp. in Santa Cla-
ra, Calif. His 20 patents and patent
applications cover circuits and pro-
cesses fundamental to monolithic
linear-circuit design, as well as such
diverse areas as transistor-transistor-
logic circuits, digital-watch testing,
pressure- and temperature-transduc-
er design, and verti-
cal-channel field-
effect-transistor
fabrication. In con-
cert with his prede-
cessor at National,
Robert Widlar, he
is responsible for
the design of some
of the industry’s
first operational
amplifiers and li-
near circuits incor-
porating band-gap-
referencing tech-
niques.

Dobkin, who has
the look of a slight-
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ly mellow revolutionary, is of the
generation of design engineers who
grew up with semiconductor technol-
ogy. Its intricacies and idiosyncra-
cies have become almost second
nature to him. “Bob is more than
just a clever linear-circuit designer,”
says Widlar, now a consultant to
National. “He’s a damn smart one
with an asset a lot of designers
lack —a detailed knowledge of the
terrain he’s working: the silicon.”

This knowledge comes quite natu-
rally, for *I've been playing around
with electronics since 1 was six or
eight years old,” Dobkin says. But
after he got his hands on one of his
first semiconductor devices in his
early teens (**a germanium pnp tran-
sistor: the CK722, | think™), he
would have nothing more to do with
vacuum tubes.

For significant contributions to linear-circuit development, the editors
of Electronics have voted Robert C. Dobkin, head of advanced linear
design at National Semiconductor Corp., the rec'pient of the maga-
zine’s 1976 Achievement Award. At National, he has guided a small on.
group of designers to an impressive string of successful linear-product
designs that encompass both circuit and process innovations. Their
achievements include the LM120, the industry’s first three-terminal
voltage regulator; the LM123, the industry’s first high-current-output
three-terminal regulator; the LM117, the industry’s first adjustable
three-terminal regulator, and the LM 195, the industry’s first integrated-
circuit power-transistor amplifier. Previous winners of the award were
Gordon E. Moore, Intel Corp., in 1974, and for 1975, Arie Slob and
Cornelius Hart of Philips Gloeilampenfabrieken, along with Horst
Berger and Siegfried Wiedmann of IBM.

It was not simply a hobbyist’s
interest in what could be built with
these components. It was a fascina-
tion with the devices themselves—
how they did what they did and how
far they could be pushed beyond the
capabilities listed on data sheets.
“There seemed something almost
magical about those chunks of mate-
rial,” he says. “It just amazed the
hell out of me that they could do
what they did. Of course there was
no magic at all after | pushed and
poked at them enough.”

But his approach to a problem is
more than just a push and a poke,
according to National’s converter-
products manager, Brent Welling.
“Bob has an almost uncanny capaci-
ty to absorb information quickly,
digest it, and come up with the
essentials needed to solve a particu-
lar problem. If he
can’t get the infor-
mation he needs
from tests on the
work table, he’ll
read everything he
can get his hands
If that’s not
enough, he’ll corner
anyone he thinks
has information he
needs. Then he’ll go
back to pushing
and poking at the
problem until he
has an answer —the
answer.”

While this ag-

67



gressively obstinate approach to
solving problems is a key element in
Dobkin’s present success, it was not
conducive to an academic career. In
fact, his attitude probably contri-
buted to his departure from MIT in
1963 at the end of his sophomore
year. 1 left because 1 was bored,”
he says. **I was climbing the walls.
They just expected me to sit there,
take notes, and take tests. | need a
productive situation to do my best.
So I got out.”

After a series of technician jobs he
landed a job in 1966 at General
Electric Co. in Philadelphia, where
he was responsible for evaluating
and building test equipment for
semiconductor components in space
applications. It wasn’t exactly either
a technician’s or a designer’s job. It
was sort of in between,” he recalls,
“amorphous enough to be anything I
wanted it to be.”

About this time there began to
appear some of the first linear IC
work by, among others, Widlar at
Fairchild Semiconductor and later at
National. “The feeling I got about
the technology —and that 1 still
have —is that it is wide open,”
Dobkin says. “There are no hard and
fast rules, except the laws of physics.
And, if you know those well enough,
you can find the loophole in any
given situation to allow you to do
almost anything you want to. It’s
completely eclectic. Nothing is ruled
out as long as it works.”

He was especially interested in
operational amplifiers. After tearing
up several made by a pioneer in the
field, Teledyne Philbrick, Dedham,
Mass., he called engineers there and
began asking a lot of penetrating
questions. After several weeks they
stopped answering. “l think they
thought he was from a competitor,”
says Robert Pease, who was a Phil-
brick engineer then and is now a
member of Dobkin’s design group.
But to his last question in late
1967 —*“can 1 have a job?" —the
firm said yes, and he went to work as
a linear-circuit designer.

“But after a year it was clear that
the real action in linear design was
elsewhere,” he says. About the same
time as this realization came a job
offer from Widlar at National. It
was the culmination of two years of
irritating phone calls, Widlar says.
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“Every now and then I would get
these calls from a wild-sounding
freak. He was always asking ques-
tions. Finally I hired him and told
him to go answer his own damned
questions.”

Starting in 1969, Widlar and
Dobkin worked together on a num-
ber of linear circuits including the
LMI111 comparator. They were joint
authors of a patent describing the
first use of band-gap-referencing
techniques in op amps and other
linear devices.

Since taking over the advanced-
linear-product-development group in
1970, he has kept it *“lean and
mean,” at first working with just one
other designer, Carl Nelson. Later
he added Peter Lefferts and Pease.

bl |
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And what has resulted from this
small group of designers in the past
five years is at least 15 new linear IC
families, more than half of which
were industry firsts. Many others
have become industry standards. At
the same time, the small group has
kept up a continuous stream of rede-
signs on older products with ten- to
one-hundred-fold improvements in
performance. It also has produced
process and fabrication improve-
ments that have allowed National to
remain the pricing pacesetter in
high-volume linear ICs.

“Dobkin is not only one of the
most brilliant designers 1've worked
with, he also has an amazing feel for
exactly what the marketplace needs
and wants,” says his boss, Robert

Swanson, director of linear-circuit
operations. ““‘On a number of
products he’s suggested, my market-
ing people have told me the volume
just didn’t justify it. Usually 1 just
take a deep breath and tell him to go
ahead. So far, his batting average
has been pretty good, and I haven’t
regretted it.”

According to Brian Hollins, direc-
tor of processing for the advanced-
linear-products group, Dobkin “has
a gut-level understanding for proc-
essing and for the limits and capabil-
ities of the silicon,” unusually so for
a circuit designer. “*He'd make a
pretty good process guy, if he
weren't a circuit designer,” he says.

His participation in the various
projects ranges from complete engi-
neering responsibility, such as on the
LX5600, to working as a coinvesti-
gator as on the zener IC project with
Nelson. Just as often his contribu-
tion is the right insight at just the
right time. “Just when my brain is
turning to mush trying to work
through a particular problem,”
Pease says, “Dobkin says something
that makes everything crystal-
clear.”

This ability extends beyond his
own group, according to Siegel who
says a number of linear hybrid
products came from “a few conver-
sations over coffee.”” Similar conver-
sations with digital-logic designers
led to a patent on a Schottky-TTL-
clamped circuit using a linear bias-
ing technique—pnp current
sources —instead of resistors. On the
digital-watch production line, a cali-
bration technique he invented, based
on an optical pickup from the light-
emitting-diode display, is used to test
modules. And an interest in improve-
ments to the power-handling capa-
bilities of field-effect transistors led
to a patent on a vertical-channel FET
technique.

With his wife Carrie and two
dogs, Dobkin makes his home in
Hillsborough, Calif., in a slightly
run-down, two-story, 9,000-square-
foot frame house built in 1884,
which the two of them are restoring.
From there they embark on their
other favorite pastime, collecting
antiques. It’s more profitable than
house restoration, he says. “It’s
pretty easy once you know more
than the experts.” O
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Aword to the
wise for those
considering
MICroprocessors.
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</ There is one,and only one,

easy-to-use microprocessor.

The early :Ps were bears.

Cute, but cantankerous. And difficult to
work with. All kinds of special interfaces,
difficult to debug, their own language,
expensive to program, ponderous and
not terribly efficient. Strange animals
indeed. But they held great promise, so
a lot of companies spent a lot of money
working around their limitations.

Pity the pioneers.

Sad, but true. Many of those
early applications just have to
work for those who invested
in them. Too much develop-
ment cost. Too much invested
in programming. In
training. In hard-
ware. In design.
In prototypes.
Incredible.
The early
birds in
micro-
processor
applications got more than their share
of worms. There ought to be an easier
way. And there is.

Easy does it.

The 8 bit NMOS 2630 microprocessor
uses standard memory, standard TTL
logic, is easy to use, easy to operate, easy
to learn, easy to program, and easy to
de-bug. By design. With fewer chips doing
the whole job, its costs are significantly
lower. It requires less real estate. And it
was designed to require far less memory
in its own operations. It’s the smart way
to get ahead of the competition who beat
you into microprocessors. And save a
bundle doing it.
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Stop the clock.

single step the clock or even turn it off

at will. It makes for the easiest debugging

in microprocessorland, and it’s a single
phase TTL clock at that. No two-phase
clock required.

The easiest interface.

Where the other microprocessors require
custom interface devices (extra circuits,
more chips, more board room) for every
peripheral and for memory, the 2650
requires interface only to its single S5V

Because the 2650 is totally static, you can

power supply (simple again) and naturally
for data bus buffering. In interface
requirements, none is best and the 2650
is as close as you can get. All 170 levels
are TTL compatible and all outputs are
three state.

Off the bus.

The 2650 features serial 1/0 operations
separated from the data bus. This means
UART type simple functions with no
separate chips required. Hook up a tele-
type direct, for instance.

Easy to program.

With 75 instructions, the 2650 looks very
much like the mini-computers you're
used toworking with. Both the instruction
set and architecture are what you've
found in working with minis. Seven
general purpose registers on chip.
Vectored rather than polled interrupt.
Much more flexible. Information goes
straight in. With variable length instruc-
tions, 8 16 and 24 bit instructions do not

Electronics /October 28, 1976



waste program memory. Fewer chips and
less RAM requirement: save memory
space and save costs. And the 2650 has
a wide variety of addressing modes.
many of which can be combined for
optimum usage.

Easy 1/O.

One instruction will switch the general
purpose registers which saves register
contents without a special store/retrieve
routine. Again. you save time, you save
memory, you save money. Nothing easier.

More to come.
Between now and January 1977 we'll be
introducing in rapid-fire succession a
series of LSI 170 devices designed to
make use of the 2650 even easier still:
the 2651 PCI Programmable Communi-
cations Interface: 2652 SDLC Synchro-
nous Data Link Control for IBM line
protocol: 2655 PP1 Programmable
Peripheral Interface: 2656 SMI System
Memory Interface: and 2657 DMA
Direct Memory Access. Fewer chips.
less memory requirement. better use of
memory, lower hardware costs, lower
programming costs, all easy with

2650 Microprocessors.

Easy to learn.

TED. our dynamite microprocessor
trainer. makes it easy. Equipped with hex
keyboard. lights and switches. it lets you
enter instructions and simulate perform-
ance with actual 170 operation. Used
with our programmed learning manual,
it lets you teach vourself.

Prototypes: easy as ABC.

Our Adaptable Board Computer is a
neat little package with its own micro-
processor, ROM, RAM . serial and parallel
1, O ports and clock. It gets you to proto-
tvpe fast, easilv and inexpensively. Easy
as ABC.

TWIN is twice as good.

TWIN is our full blown software
development system. equipped with CRT,
D3ual floppy disc. and supervisory system.
I: reduces large software development
projects to manageable proportions.
Sound easy” Its part of the total “easy
does it approach to building low cost.
super efficient microprocessors into an
ever broader range of products and
systems.

Easy to get, too.

As one of the largest producers of NMOS
RAMs in the world, we've got major
production facilities to handle ample
supplies of the 2650 microprocessor. And
the same masks are in production at

Signetics and Phillips, too. It doesn't
make sense to be easy on the pocketbook
but hard to get. We'e easy.

Easy
reading.
We've got the
documentation
(programming
manual, sup-
port hardware

and software ’ © o
manuals) and a rapidly growing library
of application notes, to boot.

Wer'e ready when you are. Advanced
Memory Systems. 1275 Hammerwood
Avenue, Sunnyvale, California 94086.
(408) 734-4330. Ask for Semiconductor
Marketing.

Advanced Memory Systems
1275 Hammerwood Ave.
Sunnyvale. CA. 94086

If it’s as easy as you say. it's hard
to resist.

O Tell me more about the 2650.
O I'm interested in TED.

O Tell me more about TWIN.

Name _ -
Title - _
Company.

Street -
City _

State/Zip _ —
Phone ( ) -

L = ——

AN Advanced Memory Systems.

We make it easy.
Circle 71 on reader service card 71
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I'm a distributor for Dow Corning
silicones. And, like the other
Dow Corning distributors
throughout the United States, |
have the silicone materials you
need for today’s demanding
electronic applications.

Increased safety, reliability,
reduced manufacturing costs,
longer service life, protection
against harsh environments, and
reduced service and replacement
costs are just some of the reasons
why silicone insulating materials

Circle 73 on reader service card

are replacing organic materials.

Because silicones come in
almost limitless variations of
physical, electrical, and chemical
properties, they can perform
many functions.

They protect, insulate, sup-
port. They cool, lubncate seal,
and bond. They do many ]ObS
and do them well because of the
unusual properties of silicones
as a class of materials. I'm sure
you'll find several of them ideal
for the manufacture or repair of

nﬁlllty

electronic devices.

If you'd like to know more
about Dow Corning silicones,
see me; 'm listed on the right-
hand side of this advertisement.
Write or call for more information
and for your application/product
needs. ['ll recommend the safe,
reliable Dow Corning silicones
to match your requirements.

DOW CORNING

DOW CORNING




Silicone Protectors

Silicone encapsulating, insulating, sealing, coating and

dielectric materials are stocked by Dow Corning distributors

at the following warehouse locations:

ALABAMA
Birmingham
Electrical Insulation

Suppliers, Inc.
205 252-9046
Mobile

Brownell Electro, Inc.
205 479-5405

ARIZONA
Phoenix
Essex International, Inc.—

Magnet Wire & Insulation Div.

602 258-4589

CALIFORNIA
Berkeley
C.D. LaMoree Co.
415 841-0601
Culver City
E. V. Roberts & Associates,
Div. EVRA, Inc.
213 870-9561
Long Beach
K. R. Anderson Company, Inc.
213 367-1411
Los Angeles

Brownell Electro, Inc.
213 532-1150

C. D. LaMoree Co.
213 225-5666

Essex International, Inc.—

Magnet & Wire Insuiation Div.

213 264-7000

Mountain View

K. R. Anderson Company, Inc.
415 961-6007

San Diego

A. E. Yale Enterprises

714 299-7710

San Francisco

Essex International, Inc.—

Magnet Wire & Insulation Div.

415 626-5351

COLORADO
Denver

Waco Electronics, Inc.
303 371-4370

FLORIDA
Orlando

Brownell Electro, Inc
305 843-6770

Electrical Insulation
Suppliers, Inc.

305 855-7100

Tampa

Essex International, Inc.—

Magnet Wire & Insulation Div.

813 621-5554

GEORGIA
Atlanta

Brownell Electro, Inc.

404 762-5181

Etectric Insulation
Suppliers, Inc.

404 355-1651

Essex International, Inc.—

Magnet Wire & Insulation Div.

404 691-8520
Chamblee

Prehler Electrical Insulation
404 451-4266
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ILLINOIS
Chicago
Essex International, Inc.—

Magnet Wire & Insulation Div.

312 254-8787
Prehler Electrical Insulation
312 384-6100
Mt. Prospect
Magnuson Electronics, Inc.
312 956-0700
INDIANA
Fort Wayne
Essex International, Inc.—

Magnet Wire & Insuliation Div.

219 461-4000

Hammond

Electric Supply Corp.
219 932-8840;
312 374-6000 (Chicago)

IOWA

Marion

Ensco Distributing Corporation

319 377-6313; 800 325-3232
KANSAS

Overland Park

Ensco Distributing Corporation

913 381-7557; 800 325-3232
KENTUCKY

Louisville

E & H Electric Supply

502 587-0991
LOUISIANA

Baton Rouge

Essex International, inc.—

Magnet Wire & Insulation Div.

504 927-2686

New Orleans
Williamson Distributing Corp.
504 486-5584
Shreveport
Williamson Distributing Corp.
318 424-6638
MARYLAND
Baltimore
Essex International, Inc.—

Magnet Wire & Insulation Div.

301 644-0140

Baltimore/Washington
Pyttronic Industries, Inc.
301 792-7000; 301 953-3000
Columbia

Brownell Electro, Inc.
301 997-5660

MASSACHUSETTS
Cambridge
Brownell Electro, Inc.
617 864-7500
Peabody
Essex International, Inc.—

Magnet Wire & Insulation Div.

617 531-7100

MICHIGAN
Detroit
Essex International, Inc.—

Magnet Wire & Insulation Div.

313 925-6000

Farmington
Sheridan Sales Co.
313 477-3800
Madison Heights

McNaughton-McKay Electric
313 399-7500

from
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MINNESOTA
St. Paul
Prehler Electrical Insulation
612 452-2470
MISSOURL
Kansas City
Glazer Chemical
816 842-2092
N. Kansas City
Essex International, inc.—
Magnet Wire & Insulation Div
816 842-1613
St. Louis
Ensco Distributing Corp.
314 567-3935;
TWX 910 764-0856
Essex International, Inc.—

Magnet Wire & tnsulation Div.

314 371-2616

NEW JERSEY
Livingston
Robert McKeown Co.
201 992-0700;
212 267-9264 (NYC);
516 248-2525 (L.1.)
Moonachie
Essex International, Inc.—

Magnet Wire & Insulation Div.

201 641-4400;
212 695-784C (NYC)
North Bergen
EISCO Plus, Inc.
201 589-2929; 800 631-8642
South Plainfield
Brownell Electro, Inc.
201 753-4600

NEW MEXICO
Albuquerque
Waco Electronics, Inc.
505 268-2409

NEW YORK
Buffalo
Summit Distributors, Inc.
716 884-3450
New York City
Brownell Electro, Inc.
212 691-7900
Rochester
Summit Electronics of

Rochester, Inc.

716 334-8110

NORTH CAROLINA
Charlotte

Brownell Electro, Inc

704 399-9791

Electrical Insulation
Suppliers, Inc.

704 394-4341

Essex International, Inc.—

Magnet Wire & Insulation Div.

704 394-1315
OHIO
Cincinnati

Electrical Insulation
Suppliers. Inc.
513 771-4073

Essex International, Inc.—

Magnet Wire & Insulation Div.

513 771-6500

Sheridan Sales Co.
513 761-5432

Cleveland
Essex Interrational, Inc.—

Magnet Wire & Insulation Div.

216 781-2310

Prehler Electrical Insulation
216 267-2650

Columbus
McGraw-Edison Co.

Nationai Electric Coil Division
614 488-1151

OKLAHOMA

Oklahoma City

Essex International, Inc.—
Magnet Wire & Insulation Div.

405 236-5411

OREGON

Portland

Essex International, Inc.—
Magnet Wire & Insulation Div.

503 665-0138

C. E. Riggs, Inc.

503 226-3286

PENNSYLVANIA

Philadelphia

Brownell Electro, inc.

215 632-3030

Essex International, Inc.—
Magnet Wire & Insulation Div.

215 236-7100

Prehler Electrical Insulation

215 725-5914; 215 725-5913

Pyttronic Industries, Inc.

215 643-2850; 215 242-6700

Pittsburgh

Essex International, inc.—
Magnet Wire & Insulation Div.

412 242-5560

TENNESSEE

Memphis

Brownell Electro, Inc.

901 332-9254

Electrical Insulation
Suppliers, Inc.

901 947-4176

Nashville

Brownell Electro, Inc.
615 835-1302

TEXAS

Dallas

Essex International, Inc.—
Magnet Wire & Insulation Div.

214 339-8346

Lubri-Kote

214 630-6007

Specialized Producis Company

214 358-4663, 713 771-7227

Williamson Distributing Corp.

214 741-5831

Houston

Essex International, Inc.—
Magnet Wire & Insulation Div.

713 869-3667

Lubri-Kote

713 771-7227

Williamson Distributing Corp.

713 672-1715

UTAH

Salt Lake City

Standard Supply Co.
801 355-2971

WASHINGTON

Seattle

Atlas Packing & Rubber Co.

206 623-4697

Essex International, Inc.—
Magnet Wire & Insulation Div.

206 763-8650

C. E. Riggs, Inc.

206 623-5707

WISCONSIN

Milwaukee

Essex International, Inc.—
Magnet Wire & Insulation Div.

414 475-6188
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almost every segment

of electronics is benefit-
ting from the dramatic
improvements in cost
and performance being
attained with large-scale
integration. Microproces-
sors are spearheading
this dynamic expansion
of electronic capabilities,
as they find their way
into instruments, com-
munications systems,
consumer products,
computers, and indus-
trial controls.

But important as they
are, microprocessors
aren’t the whole story in
1976 technology develop-
ments. Memories are ex-
periencing dramatic
changes in form, density,
and speed as newer
processes, materials,
and chip organizations
are applied. In communi-
cations, optical fibers
performed nobly in field
trials.

Linear technology, too,
has kept pace. It has
adapted monolithic tech-
niques in devices that
rival their older hybrid
forms in performance.
Improved thick- and
thin-film techniques are
providing dramatic re-
ductions in the size of
high-performance sys-
tems.

All in all, it was a
normal year for electro-
nics technology in
1976; that is, a decade’s
worth of progress.

Technology
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Density grows. 16-kilobit RAMs are invad-
ing equipment throughout the computer
industry. This 256-kilobyte memory board
ks from Prime Computer Inc., which measures
- only 16 inches by 18 inches, contains 128
— packages of RAM, or four times fewer than
LS TS
R /

would be needed if it were fabricated with 4-

Memory types

kilobit chips.

multiply,

microprocessor families grow

by Laurence Altman, Soiia-State Editor

O While the last 18 months saw the big push in micro-
processor technology. the empkasis is now shifting back
to memory and linear-circuit development (sec p. 36).
Most microprocessor suppliers are now concentrating on
filling out their product lines, while memory suppliers
are just starting to exploit new technology, such as
integrated injection logic, charge-pumped metal-oxide-
semiconductor, double-level MOs, charge-coupled-de-
vice, silicon-on-sapphire, and nonvolatile storage tech-
nigues. For instance:

® (21 and sos random-access memories are challenging
conventional MOs in two areas —dynamic types in some
high-speed mainframe applications, and static types in
some peripheral memory jobs.

® Conversely, a new static n-channel MOS technique has
been built into a 70-nanosecond 1,024-bit RAM that is
now intruding on some butfer and cache memory designs
formerly dominated by bipolar technology.

® In the more traditional 4-k and 16-k mainframe,
peripheral and microprocessor area, a double-level poly-
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silicon cell has produced a much higher level of MOS chip
integration that is forcing down the cost of memory
usage to less than a 0.1 cent per bit for dynamic memory
and to less than | cent per bit for static memory.
® Nonvolatile read-only memories that are also electri-
cally alterable have begun moving ahead rapidly with
two competing technologies: a nitride-storage MNOS
technique and a modified avalanche MOs technique, both
of which have led to impressive 8,192-bit devices.
® Finally, charge-coupled devices are now reaching the
economically feasible 65,536-bit level, and magnetic-
bubble memories are making it finally into production
with impressive 92,304-bit chips. Both technologies are
ready to attack the bulk storage memory — the last major
stronghold of nonsemiconductor memories.

Meanwhile, on the microprocessor front, suppliers are
moving in two directions:
® They are adding peripheral chips to their established
families to include almost every circuit block nceded in
most computer designs.

Electronics / October 28, 1976



® They are extending their product lines downward with
single-chip controllers and upwards with powerful mini-
computer-like-chip sets.

The MOS-bipolar battleground

The changing state of memory technology is illus-
trated in Table |, where competing MOs and bipolar
devices are shown fighting for the same sockets. Notice
that 4-k and 16-k MOS RAMSs still dominate in large
mainframe systems, where low cost is the prime consid-
eration. They are also still preferred by most system
designers in microprocessor dynamic memory applica-
tions, where their compatibility with the MOS processor
logic is an asset.

But bipolars are gaining in the smaller mainframe
applications that need fast access times of under 100
nanoseconds, as in military computers; in auxiliary
memory that can provide fast access to subroutines in
large mainframe computers, and in minicomputer-
controlled high-speed data-processing systems that are
being built with bipolar bit-slice techniques. Here, the
sudden influx of 1%1. devices into the mainstream of MOS
applications is causing a major rethinking of the tradi-
tional wisdom, which favored Mos for low cost and
bipolar for high speed.

Leading the way into this new cost-performance
middle ground is a RAM with an access time of less than
100 nanoseconds. Built by Fairchild Semiconductor of
Mountain View, Calif., the 93481 is the first bipolar
dynamic memory. It uses an Isoplanar version of the 121
process, which Fairchild dubs 1’L. Not only is it twice as
fast as n-mM0s8 4,096-bit dynamic designs, but it requires
a chip less than 14,000 mils square, so that it fits into the

same 0.3-inch-wide dual in-line package that’s used in
most high-density-board MOS designs.

Texas Instruments Inc.’s 4,096-bit static RAM also
uses 1’1 and also outperforms 4-k MOSs static devices. The
TI part, of which samples are now available, has a
maximum access time of less than 100 ns, half to a third
that of any other proposed n-channel 4-k static memory.
Moreover, besides being fully static, dissipating only 500
milliwatts, and fitting in a 18-pin package, the S400 is a
5-volt device. This fact makes it a useful high-speed
replacement for the widely used 2102 static RAM, as well
as a good alternate to the new 4-k Mos static devices.

As for cost, the Dallas company’s use of 1L results in
an extremely compact chip. Its area of around 20,000
mil? is much than that of MOS 4-k static chips. In the IC
business, of course, the smaller the chip, the higher the
yields, and the lower the costs, so TI planners see this
higher-performing memory as potentially no more
expensive than MOs 4-k static devices.

MOS fights back

MOs memory designers, while conceding ground in
mainframe and peripheral applications, are themselves
making inroads in bipolar-dominated buffer and cache
applications, Here, new MoOs static designs now offer
bipolar performance: access times of under 100 ns
(without refresh clocking), and full TTL input/output
compatibility. At last designers of buffer systems have a
choice: they can use bipolar RAMs in the parts of a
system calling for all-out speed, like 25- to 50-ns scratch-
pads, and either bipolar or the new compatible MOs
statics for the 50- to 100-ns systems.

Heading up the new fast statics is the 2115-2 from

Liioe misintiie 4-k n-MOS dynamic 150 350 450 0.15
16-k n-MOS dynamic 200 350 500 — 700 0.08
4-k to 16 k n-MOS dynamic 150 - 350 450 - 700 0.15
4-k i* L dynamic 90 500 0.25
Small mainframe microprocessor-hased 4-k 17 L static 70 - 100 500 0.25
4-k n-MOS static 150 550 350 - 500 0.20
1-k SOS/C MOS static (5 V) 150 4 15
1-k TTL static 40 100 600 — 800 15
Buffer, cache, etc. 1-k n MOS fast static 70 600 - 800 1.0
4k 1 L static 75 - 100 400 0.25
1-k n-MOS static 150 500 300 03
4-k n-MOS static 150 - 550 350 - 500 0.2
Peripheral 4k 1L static 90 500 0.25
4-k n-MOS dynamic 150 350 450 0.15
16-k n-MOS dynamic 200 - 350 500 — 750 0.08
Small storage (1 — 5 Mb) T Ue b ALK
disk 100 ms 0.01
Largestorage (6MB) bubbles 10.000 0.02
disk 10.000 0.01
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Semiconductor Semiconductor Semiconductor Semiconductor Semiconductor

TABLE 2: AVAILABLE MICROPROCESSOR TYPES

(a) — GENERAL PURPOSE TYPES

etc.

8080
6800
PPS-8 ROM
2-80
A
PERIPHERALS
2650 F p
6502 ok S INPUT/OUTPUT DEVICES
1802 INTERRUPT PRIORITIES
PACE SYSTEM CONTROLLER ETC
PPS-4
4040

—are expandable but

(b) DEDICATED TYPES
F8 RAM
L ROM
gg;)i A,,U % PERIPHERALS
PPS 812 SONTRRL e 1/0 DEVICES
PPS 4/2 RAM INTERFACE ETC
e‘c

(c} — CONTROLLER TYPES

8048 — Intel

3860 — Fairchild ALU RAM
5799 — National ROM  1/O’s
PPS-4 — Rockwell

etc.

(d) — CALCULATOR TYPES
S 1000\~ M SETS OF 1. 2. or 3 CHIPS

Rockwell

— National

— some are expandable in RAM but

— basically nonexpandable

Intel Corp. of Santa Clara, Calif., which has a maximum
access time of 70 ns. The chip is a single 5-volt 18-pin
part that is fully decoded, and it comes in either an open-
collector or a three-state-output version. It can also drive
TTL packages directly, without buffers, at TTL voltage
levels. These virtues for the first time allow MOS RAMs to
plug directly into bipolar RAM sockets. That’s important,
since enhanced static MOS RAMs will probably drop
steadily in price like other MOS memories.

Manufacturers are also going for increased density in
static 5-v parts, as new 4-k designs enter production.
These big statics, which operate in the 150-—500-ns
range, are intended as high-density replacements for the
popular 1,024-bit 2102 RAM as well or serve as an
alternate to dynamic 4-k RAMs in microprocessor
designs. System designers would use the static memories
in small-capacity systems, say under 4 kilowords, where
their slightly higher cost per bit over dynamic RAMs
would be offset by the elimination of clocking circuits
needed in dynamic systems.

The first fully static 4-k arrivals come from Advanced
Micro Devices with two devices in production. (Intel,
Semi, Phoenix, Ariz., and National Semiconductor are
at the sampling stage with their devices.) AMD’s memo-
ries are 4,096-by-1-bit and 1,024-by-4-bit configurations
and operate in the 150-t0-250-ns speed range. Both
parts, the AM9130 and 9140, come in 22-pin packages
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and dissipate about 350 milliwatts. Since their specifica-
tions almost duplicate those of many 4-k dynamics, the
Sunnyvale, Calif., company can promise nearly complete
interchangeability.

Further enriching the options in static memories are
the silicon-on-sapphire RAMs that are now available from
RCA's Solid State division, Somerville, N.J. RCA pres-
ently offers four 1,024-bit configurations and is working
on a 4-k design as well. Operating in the 90-ns range at
10 volts and 150 ns at 56 v, these static parts can be used
in buffer memories as bipolar replacements, in high-
speed peripheral systems that require very low power
dissipation (the 5-v part dissipates only 4 mw), or in
microprocessor-based systems where a small, high-speed
static memory can serve as a scratchpad buffer or
interrupt store.

Apart from RCA, which continues to make headway in
s0s product development, no other commercial supplier
is working with the process. Solid-State Scientific Inc.
has all but dropped out of commercial s0s, and while
Hewlett-Packard Co.’s announced SOS program is for its
own computer products. The biggest objection to SOS is
the expense of its starting material: sapphire costs almost
seven times more than bulk silicon. According to RCA
developers, however, silicon-on-sapphire processing is
actually easier, more forgiving, and produces higher
yields than bulk silicon processing and thus compensates
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You don’t go to an

amateur for product design,
or corporate financing, then

why use amateurs to try to

sell your products.

Talk with a Manufacturer’s
Representative. He is a professional —

He knows how to get results.

A manufacturer's representative has a broad
base of product and market knowledge be-
cause of multiple-line selling. Each call for
each product helps uncover new applications,
new market opportunities.

His objective—his only objective—is to de-
velophischosen territory into the best market-
place possible.

The manufacturer’'s representative is more
than a commissioned salesman. He's a terri-
tory manager . . . A personnel manager . . .
A customer service manager . . . A sales man-
ager . .. A product manager .. . A merchan-
dising manager. And an independent busi-
ness man!

For more information on how a manufac-
turer's representative can help you market
your products, write or call the Electronic
Representatives Association. We can help
you set up the finest representatives in the
world!

“For a local buyers guide” circle 78 on Readers Service Card

Electronic Representatives Association
233 E. Erie Street, Suite 1002
Chicago, lllinois 60611

(312) 649-1333

dip

—Manufacturers’ Representatives make
good business sense, at a time when we
really need it most—

r-----------------------
] Yes, send me information on how | can use representatives.
1 Name

1 B -
] Company _ - _ _
|

I Address

|
1 City

|
State - _—
|

1 Clip out and send to

Electronic Representatives Association
[ ] 233 E. Erie Street, Suite 1002
1 Chicago, lllinois 60611

For help in marketing your product” circle 79 on Readers Service Card



This year it made a good idea
into an outstanding product.

Our business is helping original
equipment manufacturers
exploit the advanced semicon-
ductor technologies to improve
performance and reduce costs.
We do it by developing
proprietary LSI circuits for our
custonmers’ exclusive use. Maybe
we should be doing it for vou.

If vou're trying to stay com-
petitive with a new product—or
by improving an existing
product—now is the time to
consider a custom development
program. We can help vou fully
understand the very significant
benefits of custom LSI.
Performance BBonuses That
Cost You Nothing? The real
beauty of L.SI is the way it gives
vou product design options.
Once vou've made the decision
to develop a custom circuit,

there’s usually plenty of silicon
real estate to use in new and
different ways. You can add
performance features to the
product at virtually no incre-
mental cost. In short, vour
product can be much better than
a competitor’s non-LSI
cquivalent.

High Yields Mcan Lower
Costs. Our LSI processes are
production-proven. We get high
vields. Which means you get
lower chip costs. Plus, LLSI
reduces product assembly costs.
Your product should have a
competitive edge in price.

Low Power Consumption.
LSI circuits conserve power.
Their low current requirements
often permit portability which
would otherwise not be possible.
Energy conservation in itself is a
product advantage these days.

Small Size is Only Part of
the Story. Product miniaturi-
zation is the most obvious
advantage of LSI. Even if small
size scems unnecessary for your
application, don’t overlook the
numerous other benefits that
we've been talking about.

80 Circle 80 on reader service card

Our knowledge of the custom
LSI approach can help vou to
evaluate these potential
benefits in your own terms.

LSI may be exactly what vou
need. If it isn’t, we'll be the first
to tell vou. Contact us today for
some of the answers.

MICRO
POWER
SYSTEMS

We sell more than circuits.
We sell solutions.

3100 Mfred Street, Santa Clara, C\ 95050
Telephone: (408) 247-5350

Cable: Micropower

Telex: 910-838-0154 MICROPWR SNTTA

Electronics /October 28, 1976



for the higher initial starting costs experienced.

A surge of activity is occurring in electrically alterable
memories. Because they are also nonvolatile and retain
their data when the power is off, they are in great
demand for many television, calculator, and micropro-
cessor-based applications. Examples are point-of-sale
systems and telecommunications terminals.

Only three memory suppliers in the world offer elec-
trically alterable ROMs: General Instruments Corp.,
Hicksville, N.Y., McDonnell Douglas Corp.’s Nitron
division, Cupertino, Calif., and Japan’s Nippon Electric
Co., which also plans to market its devices in this
country. Recently GI and NEC developed 8,192-bit
electrically alterable ROMs, a level of complexity that is
extremely useful from many applications. Gl uses a
standard nitride or MNOS technique, and NEC uses a
modified avalanche MOS process.

Freedom to change

Electrically alterable memories, of course, allow a
system’s capabilities to be continuously updated simply
by applying voltages to the package pins. The only other
field-alterable ROMs are Intel-developed ultraviolet-
erasable ROMs. But while extremely popular, they are
used primarily in prototyping since to erase them the
user must remove them from the circuit.

GI's alterable ROMs, including its new ER 2800 8,192-
bit part, have performance typical of today’s MNOS
technology: fairly slow read times of 2 microseconds at
about 15 v (standard p-channel Mos levels) and quite
slow write and erase times, in the tens of milliseconds, at
28 v. Because of their slowness, the new devices will not
be made extensively for large ROM programs in fast
microprocessor or computer systems. Nor will they
impinge heavily on the major RAM markets, where
200—300 ns and very low cost are needed. But faster
versions are on the way —G1 will soon begin distributing
samples of a 4-k device that has a read time of 650 ns.

General purpose 100 4 64

(low volume) and up

Dedicated types 100 2-4
and down

Controlier types 50 12
and down

Calculator types 25 none (with a

custom (high volume) few exceptions)

100 — 200 64
and up

Bit slices
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In microprocessors, chip suppliers are filling out their
established product lines with new and more powerful
peripheral chips, such as data links, memory controllers,
and keyboard and CRT chips. They are also broadening
their application range with very basic single-chip
central processors for low-end control applications and
with chip sets containing greater processing power for
high-end minicomputer applications.

Pushing the limits in microprocessors

The oldest general-purpose 8-bit families, such as the
8080, 6800, PPS-8, are rapidly being extended with chip
versions of large subsystems that formerly required
hundreds of TTL packages. At least a dozen such periph-
eral chips are on their way from Intel. Already available
are interface and communication controllers, interval
timers, direct-memory-access chips and interrupt con-
trollers. Soon to come are even higher-level subsys-
tems—Intel’s 70 series, which includes a synchronous
data-link controller as well as controller chips for a
floppy disk, cathode-ray tube, and keyboard.

Also busy in the peripheral area is Rockwell Interna-
tional Corp.’s Microelectronics group. It has already
equipped its PPS-8 microprocessor family with program-
able peripheral and communication controllers on chips,
and floppy-disk and synchronous data-link chips are
soon to come.

These high-level peripheral chips are impressive
achievements, being complete subsystems in themselves
that require two to three times the complexity of proces-
sor chips. Moreover, they all plug into the main system
bus and so are controlled by signals from the central
processing unit. And since the CPu treats them as
input/output, in effect they are controlled directly by
program data residing in RAM. This means that a
designer wishing to expand his system with these periph-
erals need only increase his or her RAM capacity and add
the appropriate instructions. No hardware interfacing or

; L 3 'll\ - I |
_= fos O Je s B '
e
30 - 150 5-10 4-8 10 — 50
50 upto5 5-10 5-10
|
50 2 orso 5-10 below 5
and down
25 Tor2 100 or so lor2
and down
5-10 5 50 — 100
81



special program implementations are required.

As for new major CPu entries, Texas Instruments
came in with its 9900 chip—a 16-bit n-channel micro-
processor that is powerful enough to replace the mini-
computer in many real-time control and data processing
systems. It joins General Instrument’s 1600 and
National Semiconductor’s PACE families in the 16-bit
camp, and some observers expect them to gain at the
expense of 8-bit systems over the next few years.

Of course, 8-bit suppliers are fighting back with high-
performance units. First to reach production are the Z-
80 from Zilog Inc., Los Altos, Calif., which takes the
8080 instruction repertory and expands it to about 158,
and RCA’s 1802 single-chip version of its COSMAC C-MOS
system. Intel itself is planning to augment its 8-bit
family with a higher-performance 8085 chip that prom-
ises five times greater throughput—and to follow that up
with a full 16-bit chip. Motorola Semiconductor, too, is
rumored to be developing an 8-bit CPU with ten times the
performance of the 6800.

Equally important is the activity on the low end,
where chip suppliers are readying single- and two-chip
microprocessor families for high-volume low-cost appli-
cations. Intel’s soon-to-be-announced single-chip 8040
and 8748 each contain CPU, ROM, RAM and 170, while its
8041/8741 is a stripped-down version intended to serve
as a peripheral controller in 8080-based systems. They

Few other designers can have done as much as Mostek
Corp.’s Bob Proebsting to advance the state of circuit
design. He conceived of the 16-pin multiplexed 4,096-bit
memory circuit that not only put a fledgling Mostek on the
map in 1972 but is now copied throughout the industry.
He was the first to use dynamic sense amplifiers in RAM
designs, a power-saving innovation that's now also being
widely copied by his colleagues. He also invented the
programable logic array and pushed the use of depletion-
load circuitry in MOS designs — achievements that by their
own would cap the career of many engineers.

People who have worked with Proebsting have often
been fooled by his mild manner, only to be brought up
short by his aggressive, audacious approach to circuit
design. Take his radically different 4-k RAM design. *“You
must remember,’* says Proebsting, “‘that when | proposed
my approach we were small fish indeed, and going against
the tide required a lot of confidence from the people
around here. The rest of the industry, the big guys like Tl
and Intel, were all developing a straightforward 22-pin
chip, and here | was talking about a completely different
multiplexed circuit, with a totally different pinout. But in
this business you've got to have guts and a feeling about
your design; so | was able to convince my management to
back the project.”

Proebsting has acquired 10 major patents in the course
of a career that has been as speculative as his designs.
After leaving Wisconsin with a Ph.D. in 1967, he went to
Texas Instruments, working for L. J. Sevin, now president
of Mostek, who was then TI's director of MOS design.
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will be supplied in a version containing an 8,192-bit
ultraviolet-erasable Rom on the chip, a feature that
significantly adds to the flexibility of the device. Simi-
larly, Motorola is readying the 6802-single-chip control-
ler for its 6800 family (Motorola is reported to be
working with Nitron Corp. on an electrically alterable
ROM version), Rockwell has samples out of a two-chip
PPS 8/2, and Fairchild is readying a single-chip F-8.

What all this device activity means to the user is
shown in Table 2, which distinguishes between four types
of microprocessors: general-purpose, dedicated, single-
chip controller, and calculator types.

From this, it is clear that, to make the most out of
their powerful CPus, the general-purpose microproces-
sors are intended for full system expansion, including a
large instruction ROM, 32 to 64 bytes of data RaM, and a
large number of 1/0s and peripherals. On the other hand,
the dedicated and single-chip controllers serve the re-
quirements of much smaller systems that can be handled
with one, two or three chips.

Table 3 shows the rough capability of each processor
type and roughly the number of TTL packages they
replace. It can come as a surprise, though, to the new
microcomputer designer to realize that a system built
around general-purpose microprocessor also requires a
good many other 1SI packages—maybe 50 excluding
memory for, say, a real-time control application. O

When Sevin left to raise money for a startup company, Tl |
managers appointed Proebsting head of the department,
even though he was 32 years old and almost fresh out of
school. That might have been enough for other designers.
But when Sevin got the money together in June 1969 and
founded Mostek, Proebsting didn't hesitate to jump over
and start designing circuits for him again.

Why? “I'm a designer,”” says Proebsting, "‘and that's
what they let me do around here."




New from Centralab...

CERBON
TRIMMER RESISTORS

Affordable Stability...

300% More

V

—
Clsu\

Trimmer Price!

Why pay more? With Centralab's new
CERBON trimmers you get stability ap-
proaching cermet and at carbon prices
...As little as 28¢ in distributor 1,000
quantities; as low as 10¢ in high
volume orders.

The secret of CERBON superior per-
formance? A totally new thick film re-
sistor element, which combines both
potentiometer and conventional thick
film technologies. p/us a heat stable
ceramic substrate. p/us a dual-tine con-
tact spring, p/us “Fluxgard" protection
from dust and wave soldering contami-
nants. In short, a totally balanced elec-
tromechanical system.

Look at these benefits:

e TCR less than —400 ppm/°C. ¢ CRV
less than 2% of maximum resistance.
e Rotational life exceeds 500 cycles.
e Acjustability (typical}—0.05% of total
voltage. ¢ High overload capability —

R
ACTUALE w 7 3

SIZE f ] I
Knob colors available ‘n white, blue, red and
green for ease in assembiy operations,

1 watt at 25°C ambient for 1,000 hours
exhibits less than 2% cumulative resis-
tance change. ® Maximum stzbility in
humid environment — Resis:ors ex-
posed to an atmosphere of 40°C at 95%
relative humidity for 300 hours return
within four hours to +2.5% of their
initial readings.

CERBON trimmers are offered in a re-
sistance range of 1 K ohm to 1 megohm
with a choice of standard PC terminal
configurations. They fit universally ac-
cepted circuit board mounting pat-
terns. And they're ready now for fast
delivery in any quantity.

Write for complete technical data on
Centralab's new CERBON trimmer re-
sistors. Or call (915) 779-3961 for a
free evaluation sample. Move up te
CERBON and save!

CENTRALAB
Electronics Oivision
GLOBE UNION INC.
7158 MERCHANT AVENUE
EL PASO. TEXAS 79915

AVAILASLE CI=CUIT OPTIONS

Thanks to their ceramic substrate,
Centralab CERBON trimmers permit a
variety of screen printed circuit op-
tions. Here ure three typical circuits:

AAAANA ey

'“"' TERMINAL
SHORTING

One of five electrical

termination options

available.

OPERATIONAL
AMPLIFIER NETWORK

.

o R
Y

Typical CERBON

trimmer resistar net-

work incorporating

one variable and two
fixed resistors on dual substrate con-
figuratior

VOLTAGE DIVIDER
T,AAW—Nhﬁhwj
Fixed and variab e resistors can be
ratio matched for precise values and
to insure temperature tracking. Elimi-

nates need for costly discrete resistor
selection.
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Process Control ...

a computer-controlled processing system is real trouble. Get
backon line fast —or risk losing an entire batch or run. EMM's reliable

MICROMEMORY core memories take care of that. Just push your

i

o]

restart button and you're up and operating. No program reloading. N
back-up batteries to worry about. We have designs for 4-bit
8-bit and 16-bit microprocessors —even larger systems

with capacities to 32K x 18. We make semiconductor memories.
too. But for process control you need reliable

MICROMEMORY core memory.

EmMMm

COMMERCIAL MEMORY PRODUCTS

A Division of

Electronic Memories & Magnetics Corp.
12621 Chadron Ave., Hawthorne, Calif. 90250
(213) 644-9881

i
i

.
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MEMORY AT WORK

- -
Diagnostics ... ...

diagnostic equipment must be reliable. Human lives are involved. It must be fast:

dynamic imaging calls for high speed CRT refresh. Those are two reasons our MICRORAM
static RAM memory systems are chosen sg often. Cycle speeds are sufficient for CRT

refresh. Our metal-gate technoloay is inherently reliable. And the support circuitry needed by

static RAMS is very simple. That adds up to an overall system reliability you just can't beat.

You can't beat our 15-year

experience in the memory

business. either. Give us
a call today and teli us

what you need.

Emm

COMMERCIAL MEMORY PRODUCTS
A Division of Electronic Memories & Magnetics Corp
12621 Chadron Ave.. Hawthorne, Calif

(213) 644-9881

90250
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Linears lead the field. In components,
advances in linear-IC technology are out-
stripping all other areas. The performance of
monolithic data converters and mixed-
process amplifiers is coming closer to that of
hybrids. Special-purpose linears, like tem-
perature transducers and motor controls, are
proliferating, as are bipolar linears for power
supplies and voltage references. Depicted
here is a temperature-stabilized IC zener
from National Semiconductor.

Hybrid, monolithic units
a a [
displacing more discretes

by Luc.nda Mattera, components Editor

O The latest active and passive components are sparking
new markets and stimulating ever more sophisticated
equipment design, besides fueling the continuing drive to
ever simpler, smaller, and cheaper electronic products.
Examples abound.

®Monolithic data converters and mixed-process ampli-
fiers are performing nearly as well as comparable hybrid
units, but at lower costs.

mA new class of bipolar large-scale-integrated circuits
has dramatically simplified power-supply design.
®Special-purpose linears for sensing and control are
replacing a host of discrete components.

®Vertically integrated field-effect transistors are threat-
ening the pre-eminence of bipolar power transistors.
aWith thick-film hybrid technology, isolation amplifiers
are being reduced to miniature components in dual in-
line packages.

aSimplified designs for rotary switches are displacing
conventional labor-intensive assemblies.

®Finally, in passive-component technology, revamped
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element designs and computer-controlled laser trimming
are creating a new class of potentiometers for semipreci-
sion applications, as packaged resistor networks continue
to encroach on the domain of discrete devices.

Accuracy improving for IC converters

The growth of microprocessor-based data systems
depends on the availability of low-cost but fast and
accurate data converters. Although hybrid devices
perform well enough, low enough prices can be achieved
only with monolithic analog-to-digital and digital-to-
analog converters.

In successive-approximation a-d converters, TRW
Systems Group, Redondo Beach, Calif., has developed a
10-bit high-speed high-accuracy bipolar LSI chip. It
processes signals at the rate of 5 million samples per
second, quantizing them into 10 bits within *' least
significant bit. Accuracy is also getting better for mono-
lithic integrating a-d converters, which generally end up
in instruments. From Analog Devices Inc. of Norwood,
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Mass., comes a 13-bit complementary-MOS chip that is
self-calibrating —it employs a novel circuit technique
called quad slope in which internal gain and offset errors
are compensated for automatically.

Improved processing techniques are helping to tighten
the accuracy of monolithic d-a converters, too. Motorola
Semiconductor Products in Phoenix, Ariz., is using auto-
matic laser trimming at the wafer-prove stage to produce
a 10-bit d-a chip that is accurate to within 0.05%. An
unusual monolithic d-a converter comes from Precision
Monolithics Inc., Santa Clara, Calif. —it’s a companding
device, principally aimed at telecommunications.

The FET-input fashion in linears

Mixed processing — be it bi-fet or biMmos —is becoming
the name of the game in monolithic amplifiers. Mixed-
process amplifiers have FET inputs and bipolar outputs —
the former for low input bias current with high input
impedance and the latter for good linearity. A bi-fet
device provides p-channel junction-rETs up front,
whereas a biMOS device instead incorporates p-channel
MOSFETs up front.

National Semiconductor Corp., Santa Clara, Calif.,
now offers a bi-fet instrumentation amplifier that holds
gain nonlinearity to within 0.02% to 0.05%. The
company is also making a bi-fet version of the industry-
standard 741-type op amp—its input bias current ranges
from only 50 to 200 picoamperes. In addition, National
is applying its bi-fet process to other product lines,
including analog switches, comparators, and sample-
and-hold circuits.

Among the bi-fet products from Texas Instruments,
Dallas, are a quad op amp and a line of analog switches.
Each amplifier of the quad device has an input bias
current of 4 nanoamperes and a unity-gain bandwidth of
3 megahertz. What’s more, with its biM0OSs technology, Ti
is fabricating a low-cost chopper-stabilized op amp that’s
priced at only $14.50 in hundreds.

Another important mixed-process development comes
from RCA’s Solid State division in Somerville, N.J.,
which is offering a biMOs op amp that may prove to be as
useful as the workhorse 741. It’s internally compensated
and has input bipolar diodes to guard against damaging
electrostatic charges.

In hybrid amplifiers, Burr-Brown Research Corp.,
Tucson, Ariz., has introduced the first isolation ampli-
fiers to be madc as thick-film hybrid circuits. They are a
fraction of the size and cost of their modular counter-
parts. Also, instead of the more usual transformer
coupling, a set of linearized optoelectronic semiconduc-
tors isolate input and output stages in the new devices.
The table shows the varying performance available from
monolithic, hybrid, and modular amplificrs.

Switching regulators go monolithic

Within only a few years, power linear 1Cs have become
standard components in power supplies, and now there’s
a new generation of these devices —monolithic switching
regulators that replace 20 or more discrete components.
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These bipolar si chips (see Fig. 1) include a voltage
reference, an error amplifier, an oscillator, pulse-width-
modulating circuitry, short-circuit protection, and
switching transistors.

To obtain the small geometries needed for such a
circuit, TI is using ion implantation to fabricate its IC
switching regulator, which contains a single output
power switch. For push-pull or double-ended operation,
both Silicon General of Westminster, Calif., and Plessey
Semiconductors of Santa Ana, Calif., have chips that fill
the bill.

Conveniently, too, 1C voltage regulators are now avail-
able in adjustable versions. A National family of 1.5-
ampere three-terminal devices has an adjustment range
of 1.2 to 37 volts. A Precision Monolithics line of 10-v
references has an output that can be varied by +3%
from nominal, while the firm’s 5-v models have 6%
adjustability. Both positive- and negative-output adjus-
table regulators rated at up to 1.5 A can be obtained
from Lambda Electronics Corp., Melville, N.Y.

Other types of monolithic regulators are also coming
on the market. For example, T1 has an adjustable three-
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1. For power suppliers. These monolithic switching regulators
include all the circuitry needed to control switching-mode power
supplies. Texas Instruments has a chip (a) for single-ended opera-
tion, while Silicon General offers a device (b) for push-pull control.
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PERFORMANCE SURVEY OF COMPONENT AMPLIFIERS
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terminal shunt regulator that can be used like a temper-
ature-compensated zener diode. Output voltage can be
set from 2.75 to 30 v, with output current ranging from
600 microamperes to 100 milliamperes.

Special-purpose linear ICs are beginning to open up
many new applications in consumer and industrial elec-
tronics. Particularly active in these linears is National,
which this year announced a monolithic temperature
transducer selling for less than $1, monolithic tachomet-
er/switches for automotive and industrial applications,
and a monolithic ultrasonic sonar system that includes a
transmitter, a receiver, and a display driver.

Even motor control has gone monolithic. Micro
Components Corp., Cranston, R.I., is offering a dual
control that can regulate motor speed to within £0.1%
for consumer products like cassette recorders and movie
cameras.

The big news in power semiconductors is vertical FETs.
They can provide very high current gains and extremely
fast switching speeds and are not susceptible to secon-
dary breakdown, which can lead to thermal runaway in
bipolar transistors. Vertical-channel power MOSFETs
from Siliconix, Santa Clara, Calif., are capable of
switching 1 ampere in only 4 nanoseconds.

New designs and automated production techniques
are also upgrading such traditional components as
switches, relays, resistors, and capacitors.

Ivar Wold is one of the new breed of chip designers who
are putting not just circuits but entire systems on tiny
pieces of silicon. Now with Analog Devices Inc., Norwood,
Mass., he’s the man behind the firm’s monolithic quad-
slope analog-to-digital converter. Presently, as director of
systems development, he manages a group that is devel-
oping microprocessor-related hardware, software, and
subsystems.

Wold, who joined the Massachusetts company about
four and one-half years ago, came to it as an experienced
equipment designer. While working in his native Norway,
he designed minicomputer-based point-of-sale termi-
nals —the sort used at airports for exchanging currency.
Previously in England, he designed dynamic-analysis
instrumentation, of the kind that is needed for vector
measurement.

At Analog, Wold has been involved with widely varying
projects—ranging from digital panel meters to data
converters to modules for serial data transmission. The
DPMs are small 3'/2-digit units that can operate from a 5-
volt power supply, while the data converters are 10-bit
microprocessor-compatible complementary-MOS chips.
Called Serdex, the modules enable parallel-output
devices, like data converters and DPMs, to communicate
with serial-input equipment, like teletypewriters and mini-
computers.

The quad-slope a-d converter designed by Wold is an
integrating 13-bit C-MOS chip. But, instead of the usual
two-phase integration period, it has four phases, in addi-
tion to a reset phase. The extra two phases are put to

Profile
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Rotary switches have been multiple-deck clip-laden
units, assembled by hand from a myriad of tiny parts.
But designs are getting simpler. For example, in one
approach, Oak Industries’ Switch division, Crystal Lake,
[, is stamping all conducting paths and terminals for a
switch from a single piece of metal. Similarly, the new
rotaries for citizens’ band radio provide 40 or more BCD-
encoded positions with only a single deck. Inside the
switches, a disk-shaped printed-circuit card containing
the conducting paths rotates past stationary wipers that
are mounted in the switch housing.

As for passive corhponents, packaged resistor networks
are continuing to replace discrete units in applications
requiring localized clusters of resistors. More networks
are going into single in-line packages these days, but DiPs
are still the predominant package form. As in other
areas, the use of simplified designs, lower-cost materials,
and higher degrees of automation is cutting costs of
variable resistors that still deliver on performance.

In potentiometers, for example, the Trimpot Products
division of Bourns Inc., Riverside, Calif., now makes a
line of single-turn semiprecision units that sell for only
$2 to $2.50 in quantity. Zero-based lincarity is 2% for
cermet versions, 3% for conductive-plastic models. To
obtain this kind of performance at low cost, Bourns
divides the resistive elements into 10 equal segments for
fast, accurate, automatic laser trimming. ]

good use, making up a digitally corrected auto-zero cycle.
With this self-calibration scheme, gain and offset tempera-
ture drifts are held to less than 1 part per million per
degree celsius.

More recently, Wold has been working on programable
microprocessor-related subsystems for acquiring, manipu-
lating, and processing data. *“They are not just hardware,
but involve a significant amount of software,’’ he explains.
According to Wold, Analog is now test-marketing the new
family of products.
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At the input. Hewlett-Packard's HP 3070A
numerical data-entry terminal, designed for
use with the company's HP 2100, 21MX, and
1000 computers, is intended for inexperi-
enced operators, as in the production testing
shown here. The terminal also interfaces to
instruments via the Hewlett-Packard inter-
face bus, allowing a computer to control

instruments up to 1.24 miles away.

by Stephen E. Scrupski, computers Editor

O Right on the cutting edge of advances in computer
technology is large-scale integration — but semiconductor
devices aren’t the fuil story of 1976. New 151 devices are
indeed reducing the size and cost of low-end central
processing units, but developments in software, magnetic
storage devices, and distributed-processor architecture
will have an almost equal impact on the design of
computer systems.

The year’s developments that highlight the major
trends in computer technology are:
® One-board 8- and 16-bit computers offer substantial
power in small systems.
® Bit-slice bipolar microprocessors are appearing in
commercial minicomputers.
® |6-kilobit RAMs offer lower memory costs and
increased throughputs. both achieved by cutting down
the swaps between memory and external mass storage.
® Magnetic cores, however, are still alive. Improved
versions offer lower cost-per-bit and higher packing
density.

90

® Mass storage for small systems is being increased in
capacity with such developments as higher bit densities
on tape cartridges and double-density floppy disks.

® Multiple processors are being used in large mainframe
computers to give higher throughputs.

® Software tools greatly ease the writing of programs for
microprocessor-based systems.

One-board computers arrive

Semiconductor tSI technology has advanced to the
point that a full computer—a central processing unit,
memory, and input/output controls —can be built on one
board. Minicomputer and microprocessor makers and
other manufacturers announced a host of such comput-
ers in 1976. Generally 8- or 16-bit units, they offer an
intermediate choice—and intermediate performance—
between a microprocessor-based system built from
scratch and a full-blown minicomputer.

Two major advantages of one-board computers is that
the supplier performs much of the testing, and the
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software is likely to be more extensive when the unit is
part of an established minicomputer family. For exam-
ple, the LSI-11 from Digital Equipment Corp.,
Maynard, Mass., can handle most PDP-11 software and
undergoes extensive testing in the company’s Puerto
Rico plant. Boards are automatically tested for logic
faults, temperature-cycled, then tested again. With the
manufacturer responsible for such testing, the user can
spend more time in solving the application problem. He
also can save the capital investment required for test
equipment.

Minicomputer and semiconductor manufacturers that
have introduced one-board computers include:
® peC: The LSI-11, a 16-bit unit with 8 kilobytes of
memory on an 8.5-by-10-inch board.
® Data General Corp., Southboro, Mass.: the micro-
Nova, a 16-bit unit based on the company’s own metal-
oxide-semiconductor microprocessor chip. The 7Y:-by-
9'%-in. board holds up to 8 kilobytes of RAM and handles
the Nova-family development software.
® Texas Instruments Inc., Dallas, Texas: the 990/4, a
16-bit unit based on TI’s 9900 MOs microprocessor chip.
The 14.25-by-10.8-in. board holds up to 8 kilobytes of
RAM and 2 kilobytes of read-only memory.
® Intel Corp., Santa Clara, Calif.: the SBC 80/20, an 8-
bit unit based on the 8080A Mos microprocessor chip.
The 6%s-by-12-in. board holds 2 kilobytes of RAM and 4
kilobytes of ROM and has programable input/output
lines. The company also moved up to the packaged
minicomputer level by adding a power supply and front
panel to the SBC 80/10 one-board computer (Fig. 1).
® Motorola Semiconductor Products group, Phoenix,
Ariz.: The M68MMOI, an 8-bit unit based on the 6800
MOs microprocessor chip. The 9.75-by-6-in. board holds
1 kilobyte of RAM and 4 kilobytes of ROM.

Bipolar bit-slice microprocessors offer the cost advan-
tages of LsI with the speed of bipolar technology, and
computer manufacturers are starting to cash in on it:

8 Honeywell Inc., Minneapolis, Minn.: the series 60
level 6 minicomputers, announced in January, use the
5700 family of 4-bit devices from Monolithic Memories
Inc., Sunnyvale, Calif.

® [nterdata Inc., Oceanport, N.J.: its 6/16 and 5/16
computers use the 2900 family from Advanced Micro
Devices Inc., Sunnyvale, Calif.

® Harris Corp. Computer Systems division, Fort
Lauderdale, Fla.: its Slash/6 system uses the AMD
parts.

® Hughes Aircraft Co. Microelectronics Products divi-
sion, Newport Beach, Calif.: the military computer
UYK-30 uses Intel’s 3000 series of 2-bit slices.

® Jtek Corp.’s Applied Technology division, Sunnyvale,
Calif.: the recently introduced ATAC 16M avionics
processor uses the AMD 2900 devices.

Although 16,384-bit RAMs are beginning to filter into
the development laboratories for evaluation, by no
means will they replace 4,096-bit RAMs soon. In fact, the
1,024-bit devices haven’t given way completely to 4-k
units in production versions of many main memories.
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1. Packaged micro. Intel Corp. expanded its microcomputer line
upward by packaging the SBC 80/ 10 single-board computer in an
enclosure and adding power supply, cooling, and front-panel. Up to
three memory or input/output boards can be added.

Honeywell, for example, recently announced that 4-k
devices would henceforth be the standard in large-system
main memories. Earlier this year, Burroughs Corp.,
Detroit, Mich., announced its B80O series of small
systems with 1-k RAMs,

One system manufacturer preceded the semiconductor
makers with a 16-k RAM. Four-Phase Systems, Cuper-
tino, Calif. announced its NP-80 network processor last
December with the company’s own 16-k RAMs, which
were designed and are being produced in house. With the
devices, 256 kilobytes can be placed on one printed-
circuit board. Early models of the processor were
shipped with 4-k RAM memories, but the company says
the larger systems are being readied for shipment. Prime
Computer Inc., Framingham, Mass., also says it will be
shipping 16-k RAM boards totaling 256 kilobytes late this
year.

Despite the advances in semiconductor memories,
manufacturers of core memories still are advancing their
technology. Ampex Corp.’s Memory Products division,
Marina del Rey, Calif., for example, says it will produce
all cores with a new tape process, which raises yields to
about 99%. The process, called Unibit, produces cores
stamped out of a tape material and then fired. The 13-
mil-size cores have better uniformity than those
produced with the older powder-press technigues.
Ampex, in fact, says it will be increasing its total bit
production by 50% next year.

Solid-state mass storage systems—based on charge-
coupled devices, magnetic bubbles, or both — will almost
certainly be announced in 1977, but they won’t be used
in any quantity until 1978. System prices are likely to be
in the 0.1-to-0.2-cent-per-bit range. Intel’s memory
systems division has been shipping a 1-megabit board
based on [6-k CCp devices, but, with the appearance of
the 16-k RAM, ccps will have to hit 65.536 bits per chip
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REPRESENTATIVE GENERAL PURPOSE ONE-BOARD COMPUTERS

R : CPU Memory
Manufacturer Model Bits technology orBoaid
( h T Mo |
‘ Intel SBC 80/20 8  MOS (8080A) 2-k RAM, 4-k ROM
k Motorola | Mg8MMO1A 8 ~ MOS (M680O0) 1k RAM, 4-k ROM
| National Super-Pace 16 ipolar MSH 4-k ROM
LSI 3'05 ;
Computer Automation (Naked Milli 16 = hipolar MSI (CPU only)
Data General microNova 16 MOS custom chip | 4-k RAM
Digital Equipment Cotp.  LSI 11 16 | MOS custom chip  4-k RAM ;
g " R Y 512-word RAM,
General Automation GA-16/110 | 16  MOS custom chip 2k ROM
hipolar LS| '
tnterdata 5/16 16 (AMD 2900) 16k RAM )
Microdata Micro-One 16 | hipotar MSI (CPU only}
Texas Instruments 99074 16 | MOS (TMS 3900}

4-k RAM, 1-k ROM

—_————————  — = — =

before they begin to appear as an attractive alternative
to disk and tape mass storage. Fairchild Semiconductor,
Mountain View, Calif., is offering samples of such
devices, while Texas Instruments and Intel are close
behind.

Texas Instruments has started production on a 92-
kilobit bubble device. When full systems using such
devices arc announced, it's likely that total capacities
will be in the range now offered by large disk drives — 32
to 64 megabytcs, with increments of 4 or 8 megabytes.

Tapes, disks carry more

Higher bit densitites arc coming for magnetic tapes.
Microdata Corp., Irvine, Calif., increased the bit density
on 3M-type cartridges from the customary 1,600 bits per
inch to 6,400 bits, thus raising the total capacity from
about 2.7 megabytes to more than 10 megabytes. And, in
the large reel-to-reel tape drives, Control Data Corp.,
Minneapolis, Minn., joined 18BM and Storage Technology
Corp., Louisville, Col., as suppliers of 6,250-bit-per-in.
tape systems. Today's maximum density on large drives
is 6,250 b/in. because of the skew problems involved
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(6.400 BITS/IN.)

3M MINI
CARTRIDGE

(800 BITS/IN.) ( FLOPPY DISK
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\ 3M CARTRIDGE
I (1,600 BITS/IN.)

B
g
5
:

FLOPPY DISK
\\ (6,400 EITS/IN.)

CASSETTE
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MINI-FLOPPY DISk
(2,600 BITS/IN.)

™
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2. Low-cost storage. Various means of low-cost storage are shown
i, terms of their capacity and approximate costs of the drive in
quantities of about 100. The newest types are the mini floppy disk-
drives and the high-density 6,400-bit /in. drive for the 3M cartridge.

with rccording and recovering nine tracks across the
tape. The cartridge records a serial bit stream in one
track and so can achieve much greater densities.

Magnetic floppy disks also are being improved with
higher-capacity recording. This is being attained, first of
all, by writing on both sides of the disk, as in 1BM’s 3602
programable communications controllers and in the
Burroughs B80 system. 1BM’s unit stores a total of 560
kilobytes, while Burroughs, by increasing recording
density and using both sides of the disk, hits a capacity
of 1 megabyte.

So-called double-density floppy-disk drives were intro-
duced by such manufacturers as Remex, Santa Ana,
Calif., General Systems International Inc., Anaheim,
Calif., and Shugart Associates, Sunnyvale, Calif. These
drives simply double the bit-recording density on one
side of the disk to reach a capacity of 800 kilobytes.

Miniature floppy-disk drives—handling disks 5% in.
in diameter compared to the 8-in. standard diameter —
were introduced for lower-cost, less demanding applica-
tions. Shugart’s SA400 drive, for example, stores 89.6
kilobytes, but costs about half of a standard drive.
Figure 2 compares the various kinds of magnetic
storages.

One device that may help recording densities on
magnetic disks in the future are thin-film heads.
Burroughs introduced a disk file using one such head for
each track, while Applied Magnetics Corp., Goleta,
Calif., also is developing them. With the AMC head, bit
densities could soon reach 8,000 or 10,000 bits per inch,
whereas today’s disks generally record at 6,400 b/in.
Track density, too, would be increased —from today’s
600 or 700 tracks/in. to 1,000 tracks/in. The AMC heads
are being evaluated by system manufacturers, and
commercial systems using them could hit the market in
late 1977 or early 1978.

Hitching up processors

Large mainframe machines are becoming an intercon-
nection of small, modular processors that communicate
with one another over a wideband bus. The best example
of this architecture is Criterion, introduced by NCR
Corp., Dayton, Ohio, this year. The system, which uses
emitter-coupled logic, 4-k RAMs and a pipeline processor
cycling as fast as 56 ns, comprises several processors. In
addition to a central unit, others include a manager for
control and diagnostics, another to interface with the
disk memory, and still others to serve as low-cost
communication interfaces.

Similarly, the new 90/80, the largest member of the
series 90 family from Sperry-Univac, Blue Bell, Pa., uses
two processors —one as the central instruction processor
and the other to control peripherals. These, too, use
emitter-coupled logic. The instruction processor has a
98-ns cycle time.

In giant mainframes, Control Data claimed a new
world speed record for computers with a Star-100 (see
Fig. 3), which produced nearly 100 million results per
second, breaking the mark of 36 million operations per
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Miniature Ceramic Capacitors

WIDEST SELECTION OF MINIATURIZED CERAMIC

CAPACITORS IN THE INDUSTRY!

Erie is in the Red Cap winner's circle because of a well engineered component
that's backed by a unique process control system. Combine this with talented,
motivated people and you have Erie as the leader in its field. These tiny high
quality capacitors are not new . .. but they are the best. Qur customers

attest to it. Our test laboratories pnove it.

Red Cap dielectrics are- manufactured by Erie’s exclusivee Monobloc Process®

a modern, time-prover ceramic film technology. And tough environmental
extremes routinely are endured by our own Jet-Seal, a hard, bright red polymeric
protective coating. (The superior aesthetic appearance of Jet-Seal comes
to you at no charge.)

Erie Red Caps have ital. 21 temperature characteristics. 1pF to 10uF
capacitance range. Ratings from 25 to 500 Vdc. You name the application . . .
we've got a Red Cap for the job. All this is due to Erie's total in-house capability

from exclusive ceramic formuiations to unique packaging. So on your very
next buy of ceramic capacitors, do it the easy way . . . specify Erie Red Caps.

Write TODAY for Red Cap brochure 8000 . . .
or call our nearby factory representative.

ERIE TECHNOLOGICAL PRODUCTS, INC.
Erie. Pennsylvania 16512
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CONSTANTINE ENGINEERING LABORATORIES COMPANY
1150 E. Eighth Street, Upland, CA 91786 70 Constantine Drive, Mahwah, N J 07430
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3. Big disks. Control Data's new Star service center uses 10 type
819 disk drives to provide more than 2.5 billion bytes of on-line data
storage. The Star computer itself recently performed more than 100
million operations per second, claimed as a new world's record.

4. Upgrades. IBM upgraded its system 370 models 135 and 145 to
the 138, shown here, and 148. Performance was increased 28 to 43
percent, while purchase prices decreased by about 45%. The
systems use MOS main memories based on 2-kilobit RAMSs.

second held since 1969 by the CDC 7600. The computer
will be the center of a new data service announced by the
company.

Amdahl Corp., Sunnyvale, Calif., has been shipping
its 470 V/6 systems at the rate of about one a week, and
by the end of the year it will have around 30 systems
installed. The system’s performance topped 1BM’s top-of-
the-line system 370 model 168, but IBM is getting ready
to leapfrog Amdahl. Although no details of the enhanced
168 have been disclosed, chances are it will contain
many of the improvements of the 138 and 148.

The first model of the largest scientific computing
system ever built, the Cray-1, by Cray Research Inc.,
Chippewa Falls, Wisc., has been shipped to the Atomic
Energy Commission’s Laboratory in Los Alamos,
N. Mex. The company says it plans to ship another this
year and perhaps four more next year. The first Cray-1
had a memory of half a million words, of 64 bits each.

IBM upgraded its system 370 models 135 and 145 to
the 138 and 148 (Fig. 4). Although the company did not
disclose much about the hardware improvements, it did
note that the new systems make greater use of firmware
in the form of a reloadable control store of 131,072
characters. Software had been used to control operation
sequences and emulation and diagnostic routines.

Processors also are being geographically distributed to
bring computer power closer to where the informatian is
gathered and results are needed. The basis for such
system architectures is the increasing ability to build
small, low-cost terminals. Intelligent terminals are stead-
ily hiking their 1Q by taking advantage of the advances in
small processors and peripherals—memory, with 4-k
and, soon, 16-k RAMs, higher-capacity mass storage with
floppy disks or tape cartridges, and lower-cost, more
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capable printers, which often use microprocessors to
control the printing formats.

Since Intel’s 1975 announcement of its Intellec micro-
computer-development system, the byword in such
equipment has been in-circuit emulation. Intellec’s oper-
ation is typical of such systems. The designer can write,
edit, and partially debug his program and, using in-
circuit emulation, can run the program in his actual
prototype hardware. The Intellec replaces the 3080A
microprocessor in the prototyvpe.

Iin-circuit emulators

In the past year, many development systems from
other manufacturers have come out with in-circuit
emulation. Motorola, for example, added the feature to
its Exorciser, which is used to develop 6800-based
systems, and called it USE, for user system evaluator. An
independent, Millenium Information Systems Inc.,
Santa Clara, Calif., designed the development system for
the 2650 microprocessor from Signetics Corp., Sunny-
vale, Calif. Then it announced its own version, calling it
the Universal One, with two processors, master and
slave. It can be used for any processor type for which
Millenium has developed the slave unit.

[t was also a banner year for microprocessor-develop-
ment software. Many high-evel-language compilers
were introduced for versions of PL/1, Basic, and Fortran.
Such high-level languages can substantially ease
programing, compared with the more detailed assembly-
language statements. Intel's PL/M was the first language
based on PL/i, and many others are now available.
Motorola has its MPL for the 6800; Signetics has PLuS for
the 2650; National Semiconductor Corp., Santa Clara,
Calif., has sMpL for the IMP-16, PACE, and other
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5. Optical magic. The Key Tronic OCR wanc (top) uses a wheel
moving across the paper to generate pulses that cause the photedi-
ode array to take readings every 1,200 in.. while the Recognition
Products wand need not be in contact with the paper.

devices: Zilog Inc., Los Altos. Calif., has pL/z for the
7-80, and many independent software houses introduced
compilers for the pr./1 derivatives,

Most of the compilers, however, are cross-compilers,
which means that they must be run on a large computer.
The next push is to develop compilers that will be
resident in the semiconductor firm’s own miCroproces-
sor-development system. Intel recently announced PL/M
as resident in the Intellec, and Motorola has installed a
resident version of Fortran in the Exorciser.

Among the more unusual developments in data-eniry
technology was a pair of wands that perform optical-
character recognition (Fig. 5). They are found in such
applications as point-of-sale systems, inventory control,
and recording manufacturing data. A wand from Recog-
nition Products Inc., Dallas, Texas, can read 26 OCR-A-
coded characters while being moved left to right or vice
versa. The associated electronics module is built around
an F8 microprocessor. Another wand, from Key Tronic
Corp.. Spokane, Wash., has a displacement wheel that
turns as the wand is moved across the paper. The wheel,
in turn, generates a series of marker pulses that trigger
the photosensor array to read a different slice of the
character every 1/200 inch. This wand rcads all OCR-A
letters and numerals, some other fonts, and even hand-
printed numbers and a few letiers.
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Diskette, flexible disk, floppy disk, call it what you will, this
data-storage medium has had a tremendous impact on
small computer systems since it was developed by [BM at
its San Jose, Calif., plant in the late 1960s. And two of the
leaders of the project are still in the business, further
refining today's floppy-disk drives. Don Wartner, left, is
chief engineer at Shugart Associates, Sunnyvaie, Calif.,
while Warren Dalziel is a senior engineer at Shugart. Along
the way. they worked at Memorex Corp.. Santa Clara,
Calif.

Each joined IBM in San Jose upon graduation from
college—Wartner in 1958 from the University of Colorado
and Dalziel in 1962 from Oregon State University. Each left
in 1969 to join Memorex, along with Al Shugart, who
became vice president for development at Memorex, and
others. At that time, the IBM system was well on its way,
having passed the final tests before manufacturing.

The first drive, however, was a read-only device
intended to load a microprogram into a larger disk drive
upon startup. The project, called Minnow, went through
some difficult times at IBM as the engineers tried to come
up with the right flexible medium. One ill-fated idea was to
pond thin magnetic sheets of Mylar to the two sides of a
plastic foam disk and allow the read head to press into the
Mylar while the foam acted as a backing. Problems in
maintaining production tolerances on the foam, however,
forced them to discard this idea and eventually adopt the
jacketed, flexible medium as it is known today.

“The requirements of the project were fairly easy by
today's standards, but at the time they seemed bhard,”
Wartner says. ‘‘The bit density was 1,594 bits per inch,
whereas today we typically operate at 3,200 bits/in.
Track density was 32 per inch, and today it's 48 per inch.
And rotational speed was 90 rpm, while today we spin the
disk at 360 rpm."

Did the two engineers foresee the eventual impact of
their Minnow? ‘| have to admit that | didn’t have the
foresight to see there would be a big market for floppies,"
Dalziel says. Wartner notes that it wasn't until IBM
announced in Europe the 3741 keypunch replacement
system based on a read-write floppy disk that he realized
that the company had continued to develop the device.
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extraordinary...

even forData Precision.



Here’s a miniature 3% digit

portable multimeter that delivers
extraordinary performance

and value for only $189.

Real miniature portability

Here is true miniature portability
that delivers lab performance wher-
ever you take it. And you can take it
anywhere. The 175 operates from AC
line, or rechargeable NiCad batteries
for 6 hours of In-spec operation.

Add this to the remarkably small size
1%"H x 51%2"W x 312D, 34 cu. in.,
weight 22 0z. (4.45x13.97 x 8.89cm,
552cc, .63kg.) exceptional operatiné
temperature characteristics, rugge
construction...and you can see

that this is real portability.

Data Precision proudly presents a
0.1% accuracy multimeter that brings
the same high performance and value
to 3'2 digit portable instruments

that our Model 245 brought to 4'2
digit multimeters. The same levels

of reliability, the same small size, the
same great convenience and flexi-
bility. The Model 175 has it all...and
more for just $189.00.*

High performance

The Model 175 gives you 32 ranges of
measurement capability, six func-
tions, 0.1% DCV accuracy guaranteed
for one year, and 100 microvolts
resolution. You can measure DCV
from +100 microvolts to 1000V,
ACV from 100 microvolts to 500V
with a frequency response of 30Hz

to 50kHz, DC Current from 100
nanoAmps to +2A, AC Current from
100 nanoAmps to 2A with a frequency
response of 30Hz to 50kHz, Resist-
ance from 100 milliohms to 20
Megohms in two excitation voltages.

Right at home in the lab

Connect the 175 to an AC line and
ou have a great bench instrument.
t's always recharging when line
connected and ready to go into the
field whenever you need it.

DCV

DATA PRECISION

&2

*Price U.S.A.

And the Model 175

gives you a lot more.

* Easy to Read, Big, Bright Display:
0.43"LED display for easy reading in
dim light or brigl‘:\t light.

—_— — :
Serpl e I

» Hi/Lo Resistance Measurement:
Measure resistance in two modes.
Hi excitation 2.5V (exceeds semi-
conductor forward threshold) and
Lo excitation 300mV (below silicon
junction threshold), for in-circuit
resistance measurement without
turning-on semiconductor junction.
No need to unsolder resistor.

* Automatic Zero: TriPhasic'"'con-
version eliminates need for any front
panel zero control.

* Tells You When To Recharge:
Blinking decimal point advises up to
10 minutes in-spec battery operation
remaining.

* Overload Protected: It's forgiving.
AlIlIDCV ranges can take 1000V,

ali ACV ranges to 500V, all resistance
ranges up to 250V... continuously —
without loss of calibration or dam-
age to the instrument. Current ranges
are protected by 2A fuse easily
accessible in a test lead.

ACVY

kQuiv)
kQ(o v)

DCmA
ACmA

OFF

Actual size, front view.



And Much More: Auto Polarity, 100%

Overrange, Overload Indication,
Internal DC and AC Current Shunts,
LSI/CMOS Reliability, Exceptional
Common and Normal Mode Rejec-
tion, Complete Documentation
including NBS traceability and
individually calibrated data sheet.
Simple and precise calibration.

You get a complete package.

’.

Everything you need to use the 175
is supplied with the instrument.
Nothing else to buy. No extra costs.
Standard accessories include the
rechargeable NiCad battery module,
line cord with recharger, a pair of
fused test leads, alligator clips,
carrying case and documentation.

ional accessories
that make the Model 175
even more versatile.

AL il
High voltage probe, AC current
clamp, pedestal stand, rack mount,

deluxe leather case and mini- to-
standard banana adaptor.

For Demonstration Circle Reader Service Number 98

The competition just isn’t competitive.

The Model 175 is an extraordinary value offering the performance, size
and price you want. Judge for yourself. The following is a comparison

based upon manufacturers’ data.

Data
Precision
Model 175
Digits 3%
Size B 34 cu. in.
Display Size 0.43"LED
Basic Accuracy for1 Year  0.1%
+1 Digit
DCV Sensitivity 100V
AC Frequency 30Hz-50kHz
Response - -
Functions 6 -
Ranges B 32 )
Hi/Lo Excitation Yes
Calibration Accuracy 1year
Guaranteed
Overrange 100% B
Ranging Manual
Rechargeable ) Yes
Batteries B
Recharges Yes
Batt‘e:gs While
Operating -
Full Scale Voltage 100 millivolts
Drop Measuring (ELA STANDARD)
Current -
Price With $189.00
Batteries

All Model 175 specifications are cov-
ered by a one year warranty. Service
is available from our worldwide
service centers.

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

T DATA PRECISION
...years ahead

For Additional Information Circle Reader Service Number 99

HP
3435

3%

39 cu.in.
0.30"LED
01%

100uvV
30Hz-100kHz

5 S
27

No

1 year

100%

Manual &
Auto (except
current)

Yes
Yes
220-400

millivolts

$400.00

HP

3176B
3
123 cu. in.
0.25"LED

0.3%

100V
45Hz-10kHz

,.5 -
19

No
1 year

0%
Auto

Yes

No

millivolts

$275.00

Fluke
8000A

3%
~ 2125cu.in.
~ 0.25"LED
0.1%

100uV
45Hz-

UKL
S

2%
No

1 year

oo
Manual
Optional |

($50.00)
Optional

00
millivolts

$349.00
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Finding failures. The emphasis in digitai

>
.

testing hardware is on gear that can trace a
fault directly to the errant integrated circuit,
solder splash, or other cause, thus avoiding
slow, costly, and inefficient hit-or-miss tech-
niques like mass IC replacement. Trouble-
shooters like this Hewlett-Packard pulser

and probe help make the right fix first time.

Digital systems spawn
new tasks in measurement

by Andy Santoni,

O Improvements in circuit design and the increased use
of large-scale-integrated circuits—especially micropro-
cessors—are making instruments faster, less expensive,
and more convenient to use. Equally important, new
kinds of testers and var:ations of older types of equip-
ment are simplifying the testing and troubleshooting of
the latest in microprocessors and other digital circuits.
® [n the past year. microprocessor analyzers have
emerged as a major product line, aimed at the needs
created by microprocessor-based circuits (Fig. 1)

m New versions of logic probes and other hand-held
troubleshooting instruments have made tracking faults
in digital circuits simpler.

® Testers for printed-circuit boards containing digital
logic have been improved to permit faster and less
expensive repairs.

® Oscilloscopes combined with digital multimeters and
time-interval counters offer more capability in one
instrument.

® Digital voltmeters and multimeters are heading in two

100

Instrumentation Editor

directions: higher reading rates and lower prices.

® Frequency counters are measuring pulsed signals in
the gigahertz range to simplify tests of communications
and radar systems.

® Calculator-based measurcment systems are supplant-
ing minicomputer-based systems at lower costs.

Testing microprocessors

Microprocessors have created new markets for test-
instrument manufacturers. With 24 lines of addresses
and data on an 8-bit microprocessor, logic analyzers with
more than the maximum of 16 lines of older instruments
are required. To meet the need, almost a dozen instru-
ment makers are offering analyzers with as many as 32
input channels and with features aimed at micropro-
cessor circuit designers, such as hexadecimal readouts
and one-clip interfaces. Enough equipment of this kind
has hit the market to establish a new category of
instruments —microprocessor analyzers.

No two microprocessor analyzers are alike. They
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range in price from under $1,000 for units from Pro-Log
Corp., Monterey, Calif., and Systron-Donner Corp.,
Concord, Calif.,, to $5,000 and more for the complex
analyzers built by Hewlett-Packard Co., Palo Alto,
Calif., and Biomation Corp., Cupertino, Calif. Yet all
types simplify trouble-shooting circuits that contain
MiCroprocessors.

Displaying data

By wiring the analyzer’s test probes differently for
different microprocessors, the manufacturer can guaran-
tee that the signals coming from the microprocessor
buses go to the right point on the display of the analyzer.
That display can be a row of light-emitting diodes
corresponding to one program or instruction step.
Another display approach is to offer hexadecimal read-
outs on a built-in cathode-ray-tube screen or an external
oscilloscope. Hexadecimal readout is preferred by soft-
ware programers, who use it to compare actual circuit
operation to documented programs.

By far the most complex microprocessor analyzer
displays are offered by HP's model 1611A and Bioma-
tion’s model 168-D. The HP unit, in addition to hexade-
cimal readout, can display system activity on its CRT in
the alphanumeric mnemonics of the microprocessor’s
instruction set, thus even further simplifying interpreta-
tion. The CRT on Biomation’s analyzer can display a 16-
by-16-position map of the instrument’s 256-word
memory so that similar instructions and the program
loops they identify can be located.

With a microprocessor analyzer, an engineer can
determine that a failure has occurred and can often trace
the fault to a software error. The analyzer can some-

times even determine where a hardware problem exists.
But it usually cannot track a fault far enough to deter-
mine which integrated circuit must be replaced or where
a solder splash exists on the system’s pc board.

Hand-held digital troubleshooting instruments such as
logic probes, pulsers, and test clips come into play for
tracking such faults. These low-cost instruments are
gaining greater popularity now that prices are falling.
The latest such gear can handle the demands of mixed
logic types on a single board. But they cost less than
their predecessors, which could only handle one logic
family at a time.

One logic probe that indicates logic level and pulse
activity at a node under test in either complementary-
metal-oxide-semiconductor or transistor-transistor-logic

1. Microprocessor monitor. Analyzers like this Systron-Donner unit
simplify microprocessor-program generation and debugging by
displaying the activity on address and data buses.

l
LOGIC ANALYZER APPLICATIONS

Number of channels Memory bits per channel

\ Applications

16
256

1024

analyzing serial data transmissions
comparing control signals

comparing complex control signals and
analyzing data lines in peripherals

analyzing transactions on microprocessor
and other buses, and tracing programs
examining total processor operations,
including addresses, data, and control signals

‘ storing status information
recording sequences of logic states
analyzing timing relationships and
long sequences of logic states
making high-resolution timing analyses
and analyzing serial data transmissions

Analyzing analyzers. The memory capacity of a logic analyzer determines the range of applications it can cover, says Murlan Kaufman,
project manager at Tektronix. Units with almost any combination of memory width and depth are available.
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systems is available from Continental Specialties Corp.
of New Haven, Conn. Its $44.95 price is less than half
that of many earlier logic probes that could handle only
onc family. For systems with an even greater mix of logic
types, Hewlett-Packard’s model 545A, which can test
resistor-transistor, high-threshold, and MOS logic in addi-
tion to TTL and C-MOS, is priced at $125.
Unfortunately, thesc instruments cannot rcadily deter-
mine which i1C has failed. All thev can tell is whether a
line is stuck at a logic high or a logic low, not whether

2. Speed system. The converter in Fluke's 8500A digital multimeter
can take 500 readings per second at 5'/. digits of resolution.

it’s the driver or receiver that is at fault. Nor can they
determine which driver has failed when the outputs of a
number of gates are tied into a single wired-OR bus.

To solve these problems, instrument makers have
introduced logic troubleshooters that trace signals
through pc paths, instead of checking a line’s voltage
level with respect to system ground. For example, the
current-path indicator from Storage Technology Corp.,
Broomfield, Colo., is a microvoltmeter with a zero-center
scale that indicates the direction of current flow between
two points on a pc path and can thus locate a solder
splash or the 1C pin that’s shorted to the power-supply
voltage or to ground. The Short-Trak from Digital
Facilities Inc., Dallas, performs a similar function and
includes a third probe that can act as a current-pulse
source.

Another approach to current sensing is to look for the
fields surrounding the paths through which current
flows. This approach is taken by HP in its model 547A
current tracer, a $350 instrument that has a pickup coil
at its tip and a wideband, variable-sensitivity amplifier
that turns on a lamp when current is present. A similar
technique is used by Testline Instruments Inc., Titus-
ville, Fla., in its wired-OR probe, which also includes a
pulse source.

Testing boards

Testline has expanded its relatively simple wired-OR
probe into a complete board-test system that fits into a
suitcasc and gives a clear go/no-go indication of the
board’s performance. Called the AFIT 1000, the tester
drives an IC’s pins with a signal from a 2-ohm source
impedance. This low impedance is critical, says Roger
Boatman, Testline’s president, because the impedance at
a failed device's pin is about 3 €, while the highest
impedance exhibited by a common board problem such
g

i
:

—_—

—

-—

3. Calculator control. As the speed and flexibility of desktop programable calculators increase, more of these devices are applied in
automatic test systems such as this Julie Research calibration console. The tester can generate images of the unit under test on a graphics

terminal, thereby simplifying the location of test points and controls.
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Alittle
success story
with holes in it...

IHoles ol almost any shape and size Up 1o
10,000 holes per square inche in picees as thin as
Q010 inch Holes: stots, and channels, as small
as 0005 inch, And with tolerances as close as
0001 inch

Weoere talking about Cornimg FOTORFORN =
and FOTOCERANM= matcrials, Unique. photosensi
ve materials that can bhe precision erched,
machined. cutamilled, chamitered, ground. Japped,
polished. scaled 1o glasses or territes. Aand
oven metalized,

Thercalbheaunv ol FOTORFORM and FOTOCEIRAM
matcerials is they ofter vou engineoering
flexibility—the tlexibiliny 1o do it vour wav

And at Corning, vour wav is the only way, That's
whywe developed FOTORFORNM and FOTOCIERAN
materials, Thov may help vou write vour own
success story. W'l hielp, we're the Fototorm
Products Group. Corning Glass \Works, Cornings,
Noew York.

You ought to get to know us beter. Find out imore
about FOTOFORM and FOTOCERAN materials,
Write, undoer your letterhead. tor atree sample
depicting the 1776 Bemnington HHlag and complete
speciticatons o:

FOTOFORM Products Group bepi i 102s
Corning Glass Works, corming. New York 168,30

(GOT) 971 8583

CORNING

CORNING Gl ASS WORKS

TV

write tor tree sample today?!
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How to get through a bandwidth
in ten easy steps.

SERIES 40’s
Step Calibrator
measures frequency response

with the click of a switch.

Set SERIES 40’'s main dial once, and you'll get
eleven precise frequencies in ten equal steps
by simply clicking the Step Calibrator switch
from zero to ten. With 1000:1 frequency change
in the log mode, each step is equivalent to
approximately one octave, which is partic-
ularly useful in audio testing. And unlike other
function generators, SERIES 40 allows you to
step up or down without having to cycle
through the entire ten steps.

So — when you're testing frequency re-
sponse, just set up the band edges and click
through the ten steps, measuring amplitude at
each step...it's that easy.

INTERSTATE

ELECTRONICS CORPORATION =
Subsidiary of A-T-O Inc.

104 Circle 104 on reader service card

SERIES 40
Function Generators

— New from INTERSTATE

SERIES 40 gives you plenty of amplitude —
40 V peak-to-peak (open circuit) — and takes
the guesswork out of pinpointing response with
its continuously variable Frequency Marker.
SERIES 40 also offers you INTERSTATE's
exclusive direct-reading sweep limit control
and full spectrum of function generator cap-
abilities in five models from $475 to $695. For
additional SERIES 40 specifications, call
Product Marketing at (714) 549-8282, or write
Interstate Electronics, Dept. 7000, Box 3117,
Anaheim, CA 92803.
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as a solder splash is less than 0.1 Q. If a 2-Q source
impedance can drive the IC, the failure is in the chip,
since a board failure would short out the signal.

While much emphasis in instrumentation has been on
solving problems in digital circuits, analog-oriented
instruments such as oscilloscopes, voltmeters, and
frequency counters have not been ignored. In fact, these
three types of instruments are more often being provided
within a single cabinet.

Vu-Data Corp. of San Diego, for example, is offering
its model PS915/975, which contains a digital multi-
meter, a frequency counter, and an oscilloscope in a 10-
pound package. Priced at $1,250, the unit permits
measuring the voltage and frequency of a signal while
displaying the waveform on the scope screen.

Tektronix Inc., Beaverton, Ore., offers its model
DM44, a digital multimeter and time-interval counter
that rides piggyback on many of the firm’s portable
oscilloscopes. To measure a time interval on screen, the
scope is set for sweep A intensified by sweep B, and two
intensified spots are positioned at the beginning and end
of the interval to be measured. The time is read out on a
3'-digit display that’s part of the DM44. For greater
precision, the DM44 can measure a time interval (and its
inverse) with accuracies to within 1% by switching the
scope into the sweep-B-intensified-by-sweep-A mode, in
which detailed views of the interval’s beginning and end
are displayed. Using the delta-time control, the end of
the interval is superimposed on the beginning to produce
a readout.

Measuring volts faster

Improvements are also being made in stand-alone
digital voltmeters and multimeters. In meters designed
for applications in systems, the trend is toward higher
conversion rates and, therefore, shorter overall test
times. The model 8500A systems multimeter from John
Fluke Manufacturing Co. of Mountlake Terrace, Wash.,
for example, can take up to 500 readings per second
while achieving 5'% digits of resolution (Fig. 2). The
instrument employs an analog-to-digital converter that
can make less precise approximations to the unknown
voltage at each stage of the conversion. It makes the
approximations more quickly because it can correct the
error, whether positive or negative, on the next conver-
sion step.

Data Precision Corp., Wakefield, "Mass., took a
different approach. In its model 7500 voltmeter, the
unknown input is integrated for 200 microseconds so
that 1,000 conversions per second are possible. The
instrument integrates a large reference input for as long
as is required to get within 1% of full scale. Then a
comparator sends a signal that changes the reference
current and the clock rate each by a factor of 100,
reducing the load on the comparator for the final, brief
integration period.

An even faster system voltmeter is Hewlett-Packard’s
model 3437A. It can measure dc voltages at better than
5,000 readings per second with a resolution of 3" digits,
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which is often enough in data-acquisition systems. By
combining high measurement speed with an internal
sample-and-hold circuit, the 3437A can analyze tran-
sient signals. Repetitive waveforms with frequency
components up to | megahertz and low-frequency tran-
sients with components up to | kilohertz are quickly
digitized and analyzed, so that parameters such as
residual dc, harmonic content, peak values, and root-
mean-square values can be determined.

The ability to measure rms values is becoming more
important as engineers begin to realize the benefits of
making these measurements in a wide variety of power-
dissipating circuitry. At the same time, prices for rms-
responding digital multimeters are falling, so that such
instruments are now available for large-scale use in field
service or on the production line.

Two digital multimeters from Fluke offer rms
response in low-cost instruments whose small size and
light weight are designed for field service as well as
bench use. The $235 3'4-digit model 8030A and the
$425 4'4-digit model 8040A both have 26 ranges and
five major functions (ac and dc voltage, ac and dc
current, and resistance). In addition to five ranges for
each function, the 8040A has an additional resistance
range, and the 8030A has a diode-test
position.

In Data Precision’s latest entry, the $345 4'»-digit
model 248, the rms-to-dc conversion is performed by a
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4. Bus bonanza. More than 35 manufacturers are supplying
systems, instruments, or components that are compatible with the
standard interface bus.
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linear, bipolar integrated circuit made by Analog
Devices Inc.’s Semiconductor division in Wilmington,
Mass. The IC is capable of less than 1% error in
measuring signals with crest factors up to seven and is
responsible, at least in part, for the DMM’s low price.

Counting in bursts

Just as voltmeters are improving in performance, so,
too, are frequency counters. The latest instruments from
Systron-Donner, EIP Inc. of Santa Clara, Calif., and
Eldorado Instruments Co. of Pleasant Hill, Calif., can
measure frequencies in the gigahertz range, even when
the signal under test is pulsed, not continuous. For
example, a radar system under test does not have to be
put into a standby, continuous-wave mode, but can
continue in normal operation.

Eldorado’s model 9899 is a heterodyne counter with a
range from 925 MHz to 18 GHz. It is similar to the firm’s
continuous-mode model 989 except for the addition of
pulsed-radio-frequency measurement circuits. The mod-
el 451 from EIP uses the same heterodyne technique and
features fully automatic pulsed-rf counting capability
over a range from 300 MHz to 10 GHz. Systron-Donner’s
model 6063, planned as the first in a series of pulsed rf
counters, covers the range from 20 Hz to 6.5 GHz, with
1-Hz resolution,

Along with single-function instruments like these

When Chuck House’s development team at Hewlett-Pack-
ard’s Colorado Springs division ran into snags while trying
to troubleshoot the serial-data bus in what was supposed
to be a new generation of oscilloscopes, they turned their
attention to the problems of testing digital circuits. As a
result of the insights they gained, the new products turned
out not to be oscilloscopes at all, but instead a whole new
class of instruments—logic state analyzers.

House realized that digital transmissions are fundamen-
tally different in character from analog signals. As a resuit,
test equipment designed to measure the parameters that
define an analog signal—voltage and frequency, for
example—may be totally inappropriate for digital-circuit
testing. What was needed, House determined, was an
instrument that abstracted the data flowing in digital
streams and presented only the essential information—
logic states that existed at the time the circuit made use of
them, on the system clock edge.

Like most ingenious ideas, the concept of the *‘data
domain,” as House calls it, seems rather simple. Yet, until
a few months ago, HP was alone in implementing logic-
state analysis in commercial products. All but a few
engineers used oscilloscopes to troubleshoot digital
systems, even though scopes—including multi-trace and
multi-beam units —do not display enough signals to make
the necessary comparisons among the many lines
common in digital systems. Logic state analyzers and
microprocessor analyzers trade off the ability to display
precise voltage and timing relationships to increase the
number of data lines displayed
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counters, instrumentation makers are looking toward
more complete systems for testing communications gear.
In telecommunications, as well as other testing applica-
tions, calculator-based systems have moved into the
spotlight because they give engineers or production-line
personnel a great deal of information quickly, yet are
less expensive than computer-controlled systems
(Fig. 3).

Control by calculator

Although most calculator-based testers are built by
users, some are commercial products. For example, the
sMpu radiophone tester from West Germany’s Rohde
and Schwarz uses a microprocessor to control instrument
modules and monitor their operation, along with a TEK
31 desk-top calculator to make a fully automatic system
complete with datalogging. This system also reflects the
trend toward compatibility with the IEEE-488-standard
instrument-interface bus (Fig. 4).

More such systems will be required because of the
demands for more sophisticated instrumentation to lower
labor costs, says Norman Christianson, director of engi-
neering at W & G Instruments Inc., Livingston, N.J. “We
have to give the user the information he wants in the
parameters he desires, so we need smart instruments to
do the jobs faster and provide whatever data reduction is
necessary.” O

House's varied experiences all contributed to his |
present position as logic-analyzer department manager.
He joined HP in 1962 upon graduation from the California
Institute of Technology, where he studied solid-state
physics. He was anxious to take a job in Colorado Springs
because nearby Denver is his wife’s home town. (“We've |
been happily married for almost half my life,”” the 36-year-
old House says.)

| was going to turn myself into a circuit designer,”’ says
House, who spent the next four years designing what he
calls “moderately successful” oscilloscopes. He then
became involved in a project to design a large-screen
cathode-ray-tube monitor for the Federal Aviation Admin-
istration, which led to an assignment researching other
possible applications for the device—*‘and | got hooked
on product planning."

Meanwhile, he was appointed to the Air Pollution
Control Commission by the governor of Colorado and
there gained an appreciation for systems engineering, in
which there is more emphasis on solving a problem and
less on circuit design.

At HP, he realized that ‘‘another scope is nothing to
write about. It didn't make any fundamental measure-
ments you couldn’t make before.”” Late in 1971, he made
a proposal to John Young, now executive vice-president of
the firm, and Barney Oliver, vice-president for research
and development, to spend $5 million over five years to
develop the state analyzer. He didn’t get that much money
or that much time, but he and his team developed the
product nonetheless.
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TRW/Cinch Ribbon
Connector System

a lot to o

cheer about!

Dependable solderless termination.
® Handles stranded or solid wire.

Single wires can be removed and replaced-
repeatedly.

Interchangeable with over 300 million ribbon
connectors now in the field.

PLUS—the most versatile and broadest range of
terminating equipment of any line of solderless
ribbon connectors. Automatic, semi-automartic
and hand tools that will terminate competito~’s
connectors as well as TRW/Cinch Connectors.
They are more adaptable and more convenient
to use than any other equipment you can buy
or lease.

Certi-Clinch, illustrated above, measures only 6" x
14" x 7" high. It is rugged enough for proauction
use, light enough for portable applications and
terminates a 50 contact connector in less than 4
minutes. (For fastar assembly, the Auto-Clinch re-
quires only 1-1/2 minutes). Interchangeablie jaws
adapt it to any size connector of any manufacturer.

For information on the complete line of Cinch Rib-
bon Connectors, including solder tab terminal
types, call Al Consiglio at 312/439-8800 or write to
him at TRW/Cinct Connectors, An Electronic Com-
ponents Division of TRW Inc., 1501 Morse Avenue,
Elk Grove Village lilinois 60007. CC-7602
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ANOTHER PRODUCT OF A COMPANY CALLED TRW
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Orbiting switching center. At 22,300 miles
in space, Comstar, a geosynchronous-orbit
communications satellite will be used jointly
by AT&T and GTE to relay the myriad tele-
phone calls across the 48 contiguous states
as well as Hawaii, Alaska, and Puerto Rico.

All technologies aim at
greater channel capacity

by Richard Gundlach, Cornmunications & Microwave Editor

[J Communications technology was the father of the
clectronics revolution that is reshaping our lives, and the
developments of the past year show there’s plenty of life
left in the old man. The demand for more and faster
information transfer is spurring the adoption of new
technology, notably in the development of optical-fiber
communications. There also were solid advances in satel-
lites and the adaption of large-scale integration.
® This year optical-fiber communications came out of
the laboratory into operating environments.
® Higher-power satellites, some operating at higher
frequencies with increased channel capacity. were
launched, with others to follow soon.
® Microprocessor technology found increased use in
radar, microwave receivers, and navigational equipment,
and it was being tapped for telephony tasks as well.
Large-scale integration is playing a major role in re-
shaping communications products (Fig. 1). Accept-
ance had been slow in telecommunications, because most
companies have large invesitments in existing plants. But
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many semiconductor makers see LSt technology making
inroads into all phases of communications as users
demand improvements in performance, versatility, relia-
bility, and economy. It is already found in a good range
of products from several companies.

Fiber optics come on strong

The advance of fiber-optic technology was demon-
strated dramatically by Bell Telephone Laboratories Inc.
engineers in an experimental telephone link started last
January. Not only did it show a fiber-optic system
working successfully with existing telephone equipment,
but it proved the mass producibility of fibers by demon-
strating that cables of 144 single fibers could be
produced and mass-spliced without individual handling
of fibers. These cables, only half an inch in diameter, are
capable of carrying almost 50,000 simultaneous tele-
phone conversations.

Another fiber-optic system, designed to carry televi-
sion signals over several fibers to a cable-Tv headend
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Commun

some 800 feet away, was established in New York City
in July by TelePrompter Manhattan Cable Television.
The Japanese will start testing a fiber-optic interactive
network to provide two-way residential video informa-
tion to households in Japan. An in-building prototype
system will determine technical feasibility this Novem-
ber. Later, an expanded video information system will be
tested by 300 subscribers in the Higashi I[koma area, a
model city near Osaka. And General Telephone and
Electronics Corp. is readying a fiber-optic link to handle
telephone messages between central offices.

Several advances in fiber-optic component technology
have surfaced this year as well. Practical single-fiber
connectors were developed by several companies, and a
new generation of fiber cables was announced by
Corning Glass Works, Corning, N.Y., which doubles
source-to-fiber coupling efficiency over that of standard
graded-index cables. The cables have 400-megahertz
bandwidth capability with losses as low as 6 decibels per
kilometer.

Still in the laboratory stage is an ultra-low-loss step-
index fiber developed by the Fujikura Cable Works Ltd.
of Japan. By eliminating almost all water ions from the
glass, researchers there reduced fiber loss to only 0.47
dB/km at a wavelength of 1.2 micrometers. (For more on
fiber-optic developments, see the special report in Elec-
tronics Aug. 5, pp. 81 —104, and related articles in
subsequent issues.)

Going up

Satellite communications for international and domes-
tic applications have jumped almost exponentially since
1974. One cause of the growth is the shift from costly
ground systems to lower-cost earth stations. And with
this year’s launch of Marisat, satellite communications
are serving ships at sea.

Satellite networks can bring communications directly
to a user without access to telephone or telegraph
networks. They meet the growing demand for domestic
and international telephone channels, as well as distribu-
tion of data, direct connection of computers, television
broadcasting, and high-speed facsimile distribution. In
addition, satellites teamed with radar technology are
being used for automatic vehicle locators, mapping the
terrain on distant planets, and planning flood control and
management of crop, forest, and water resources.

In the past, satellite technology centered on low-power
satellite transponders that required large earth-station
terminals removed from metropolitan arcas to avoid
interference with terrestrial microwave networks oper-
ating on the same 4- and 6-gigahertz bands. Higher-
power satellite transmitters operating at higher frequen-
cies will avoid terrestrial congestion and make it possible
to use much smaller antennas right on the customer’s
property, even on urban rooftops.

This year’s blessing by the Federal Communications
Commission of what’s called a standard B earth station
lets users participate in Intelsat, the biggest international
satellite network, with a 10-meter antenna with band-
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1. First of a kind. Bell Northern Research has developed an all-
electronic telephone using LSl circuitry to replace the electromechan-
ical parts of conventional telephones. One result is that future phones
could take many shapes, as the model shown suggests.

width-efficient single-channel-per-carrrier techniques.
No longer is a 30-meter antenna on a $6 million earth
station needed.

Modulation schemes for satellite networks, such as
single-channel-per-carrier and time-division-multiple-
access, can efficiently accommodate single-voice chan-
nels or receive-only terminals and handle the complex
and varied demands of a network of users. Originally,
Intelsat network stations used wideband frequency
modulation with frequency-division multiplexing, but
with this technique only one station could gain access to
a satellite transponder at any given time.

Single-channel-per-carrier systems have been a boon
for small earth-terminal users. Such systems offer low
startup costs and allow for the later addition of extra
channels. They are especially advantageous in low-
demand situations if combined with demand-assignment
multiple access, which allows each earth station use of a
channel only as required, under contro! of a master
ground station.

Satellite departures

This year saw the launch of several domestic satellites
(Fig. 2), such as Satcom I and II from RcA Corp. With
the FCC’s permission, American Telephone & Telegraph
Inc. and GTE have combined their planned domestic
communications satellites into a single system. Two
Comstars were launched this year with a third planned
for launch in 1978. Initially they will operate in the
4- and 6-GHz bands, using 24 transponders to handle
28,800 simultaneous telephone conversations. The total
system will provide enough video and data distribution
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% MARISAT F-3 (1976)

SATCOM 11 {1976)
COMSTAR B {1976)
SATCOM 1 (1975)
SBS A (1979)

n //CUMSTAR A(9176)
B %?,% - CTS.01976

H /SBSB(1979)

/ SATCOM 111 (1977)

Commercial communications

Satcom | Dec. 12, 1975 for Alaska, Hawaii and RCA
contiguous 48 states
Broadcast satellite Canadi
C.TS. Jan. 17, 1976 experiments — shared by e
Canada and U.S. government |
Marisat F-1 | Feb. 19, 1976 Ship to shore {Atlantic) Comsat General
Satcom I Mar. 26, 1976 Second RCA satellite RCA
First AT&T and GTE satellite
Comstar A | May13, 1975 ek o T o Ganara
48 states
Marisat F-3 | June 9, 1976 Ship to shore {Pacific) Comsat General
Comstar 8 July 22,1976 SS:&?HSEAT&T EndiGIE Comsat General
Marisat F-2 | Oct. 14, 1976 SRIAMOEON Comsat General

(Indian Ocean)

and telephone service for Alaska, Hawaii, and the other
48 states. Later, higher-frequency bands are certain to
be used to provide additional capacity and to avoid the
congestion on the lower bands.

Rivaling the size of the new Comstar system is a
satellite system planned by Satellite Business Systems, a
combined venture of International Business Machine
Corp., Aetna Life and Casualty Co., and Comsat
General Corp. Since it will operate in the 12- and 14-
GHz bands, its terminals can be in metropolitan areas
without interfering with terrestrial microwave systems.

The system will use two satellites and will include
dedicated full-period and on-demand capacity, along
with time-division-multiple-access techniques. It will
feature all-digital techniques for the transmission of
voice, facsimile, and data and will provide point-to-point
and multipoint service directly to the user in a switched,
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%/cn STAR C (1978)
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& MARISAT F-2 {1976)

MARISAT F-1(1976)

o
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DRAWING AQAPTEQ FROM COMSAT TECHNICAL REVIEW. SPRING, 1976 ‘.
2. Heavy traffic. Satellites placed in a geosynchronous orbit, a
circular path around the earth some 22,300 miles high, appear
stationary with respect to a point on earth. Shown are several such
communications satellites launched recently to serve the Americas.

private-line network, thus bypassing common-carrier
land lines completely.

The next decade will witness continuing growth of
domestic satellite systems to handle the expected
increases in telephony, data, and television transmission.
And an aeronautical satellite service will join the mari-
time service just launched. Satellite systems in the
development and planning stages worldwide will contin-
ue to use the congested 4- and 6-GHz bands, but even-
tually will come to use higher frequencies, even well
above today’s 12- and 14-GHz limit.

What may well be the harbinger of a new breed of
high-power, high-frequency satellites was launched last
January. A U.S.-Canadian effort, the communications
technology satellite will test technology, applications,
and the social impact of satellites offering expanded
services through smaller, cheaper earth stations. Many
observers look upon the project as the forerunner of the
direct-broadcasting satellite.

With an output of 200 watts—10 to 20 times higher
than any of today’s communications satellites —CTs will
provide data on propagation in space and prove out the
feasibility of using TDMA synchronization schemes in
transmitting high-speed data via satellites. Also, it will
determine if frequency-division-multiple-access tech-
niques can adequately provide telephone channel-sharing
for remote locations.

Also to be evaluated is reception of high-powered 12-
GHz TV signals from satellite to 2-m antennas in metro-
politan areas and the practicality of Tv reception with a
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the myth that CMOS is always expensive.
The IM6508C is a 1024 x 1 CMOS static
RAM, for example, with all the benefits you
want from CMOS: micro-power, simple
supplies, great noise immunity and
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We're in volume production with an
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system advantages. Intersil, 10900 North
Tantau Ave., Cupertino, CA 95014.
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dish antenna as small as 30 inches in diameter. The
results could have a tremendous impact on planning of
future Tv-distribution systems and worldwide satellite
communications systems.

CB adopts phase-locked loop

Makers of citizens’ band equipment, busily trying to
keep up with the exploding demand, are turning to
phase-locked-loop technology, long a staple in more
sophisticated frequency-control equipment. Its principal
attraction is that it reduces the number of
crystals needed to accurately generate the assigned
frequencies. The January 1977 increase in channel allo-
cation from 23 to 40 makes PpPL frequency synthesizers
even more attractive for CB radios.

But along with the FCC’s granting of additional chan-
nels come more stringent restrictions on closc-in
spurious radiation from both transmitter and receiver
sections of the CB sets.

New answers for phones

Advances in technology will help both operating tele-
phone companies and outside firms to bring innovations
in integrated circuits into the total network and into the
telephone itself. The one part of the telephone system
that really hasn’t changed in over a hundred ycars, the
telephone itself, is even getting a new look.

Bell Northern Research, the research arm of Bell
Canada, has developed an exploratory all-electronic tele-
phone (Fig. 1). Two hundred of them are undergoing
user trials in the Canadian telephone system. The heart
of the new equipment is an 1C package that replaces the
ringer, transformer-coupled speech network, and dial-
pad assembly. It's built with bipolar integrated-injection-
logic technology that enables the stringent telephone-
system specifications to be met with 1Cs for the first
time.

These telephones are extremely cost-effective, accord-
ing to BNR, since the highly labor-intensive electrome-
chanical components are replaced with LSt circuitry that
keeps dropping in price. The resulting reduction in
component size also makes new receiver shapes possible.
If field trials uncover no problem areas, these telephones
will be used exclusively in the future.

Solid response

The Fcc decisions to allow nontelephone equipment
from outside companies to be connected to the telephone
system have evoked a response from many semicon-
ductor companies. Various products already or soon to
be available use double-diffused-metal-oxide-semicon-
ductor, complementary-mM0s, 1°L, and standard bipolar
technologies. Devices under development include cross-
point switches, PCM coder/decoders, tone encoders with
a variety of output codes and control functions, dial
pulsers, repertory dialers, electronic ringers with added
features, compandors, and filters. Some companies are
even considering developing $20-to-$30 all-electronic
telephones with memory for repertory dialing and last-
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3. Radar mapper. The antenna assembly being built for NASA Ames
Research Center by Hughes Aircraft Co. will be part of the Venus-
Pioneer radar mapper. Based on a high-efficiency configuration
called the short-backfire reflector antenna, it uses a parabolic dish.

number-dialed options, as well as controlled tone ringing
and display of number dialed.

Digital technology and the telephone

The digital telephone interests semiconductor manu-
facturers because of the potential high-volume market.
But it is still too early to decide which is the best
technology — 1°L or standard bipolar, n-channel MOS or ¢-
MOS, one chip or two.

Companies are investing in various technologies to
develop a coder/decoder that’s cheap enough to install
on each telephone line (about $10). Precision Monoli-
thics Inc., Santa Clara, Calif., and Exar Integrated
Systems Inc., Sunnyvale, Calif., are two companies that
have already announced the availability of a companded
digital-to-analog converter, the most difficult component
in the codec. National Semiconductor Corp. is working
on a bipolar ¢-M0s codec for the telephone handset —the
last component needed for a completely digital system.
Signetics is using 1°L technology because it lends itself to
combining analog and digital circuitry on one chip, and
American Microsystems Inc. is working on an MoSs
codec, using a charge-redistribution approach. A single
chip, all-digital codec from Intel Corp., Santa Clara,
Calif., will use n-channel MOs technology.

For home telephones, there’s much interest in using
tone-key signaling to control functions remote from the
telephone and to transmit and receive data after the call
is completed. A tone encoder with controller equipment
could control devices in the home, using a phone call to
turn on the lights, for example.

General-purpose microprocessor architecture with all
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the needed peripheral devices may be too expensive for
many telecommunications applications, so an approach
somewhere between the microprocessor and custom
random logic may be what evolves. Some semiconductor
companies foresee single-chip microprocessors with
special instruction sets and hardware included on the
chip to tailor it to such telephone applications.

Not all of the year's advances were in hardware. The
major promise of computerized private-branch ex-
changes is vastly reduced equipment obsolescence,
because additional user features and options are derived
from software. And the promise is coming true.

The power of the stored-program computer-controlled
switches introduced last year lies in the new features and
system improvements brought about by software. Bell
updated its Dimension pBX, as did manufacturers of
other pexs. For example, since its introduction in May
1975, the computerized branch exchange from Rolm
Corp., Cupertino, Calif., it has been upgraded twice with
additional software.

LSt shrinks radar antennas

Thanks to high-speed digital processing and low-cost
memories, synthetic-aperture radar now appears very
attractive for real-time, high-resolution applications. In
fact, both range and azimuth resolution under 10 feet is
possible. The saRs have very small antennas, but use
digital processing to synthesize the performance of a
very large one. The antenna and scan mechanism for the
Pioneer-Venus radar mapper is shown in Fig. 3.

What was needed was upwards of 100 megabits of
memory, high-speed arithmetic (up to 100 million multi-
plications per second), and high-speed analog-to-digital
converters to handle at least as many samples per
second. With low-cost mass memories, fast Fourier
transform circuits, a-d converters, low-cost high-resolu-
tion radar is being considered for commercial aeronau-
tical use, as well as in such areas as satellite mapping,
crash location, and flood control.

As with telecommunications, microprocessor architec-
ture isn't optimum for sAR. But the devices are finding
their way into other communications equipment. For
instance, they are taking over chores originally relegated
to minicomputers in some navigational receivers. Substi-
tuting microprocessor technology along with several
radio-frequency redesigns, Navigation Communication
Systems, Inc. of Chatsworth, Calif. has sliced the cost of
satellite navigational-receiver systems almost in half.
An Intel SBC 80/10 microprocessor provides a fixed resident
program to eliminate a big user problem: loading the
program into core-type minicomputers.

And GTE Sylvania Inc. has developed a microwave
receiving system controlled by a 8080A processor.
Intended for reconnaissance, it operates in the 0.5-40-
GHz region. The software provides flexibility for control,
display, and switching functions. And, with micropro-
cessor capability, the system can test itself and can select
an optimum intermediate-frequency filter and scan rate
when in automatic scan mode. O
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Profile

Although the concept of communicating over light has
been around for many years, what really made it practical
was a low-loss glass fiber developed at Corning Glass
Works in 1970. The scientists responsible for reducing
fiber loss from more than 1,000 decibels per kilometer to
16 dB/km, agree that the key to that breakthrough was
developing a pure enough glass composition that could be
processed into hair-thin fibers.

Providing the pure glass was only half of that battle, for
it had to be fabricated so as to maintain the low-loss
characteristics. Previously the thrust was to purify the
more conventional glass ingredients before melting them.
But the problem really boiled down to one of glass
chemistry and unconventional processing techniques.

Peter C. Schultz (center), the chemist on the Corning
team that developed the fiber, remembers being just a bit
surprised that it had come so far in only a few years. “Until
that time no one even knew if low-loss glass could be
made,”” reflects the 33-year-old researcher. “It was a
combination of chemical-vapor-deposition techniques and
processing the high-purity glass compositions that made
low-loss fibers a reality."’

Donald Keck, a 35-year-old research physicist (right),
viewed the breakthrough with guarded optimism. ‘“When it
happened, | carefully rechecked the measurements before
| could believe that we really had produced a fiber with
only 16-dB/km loss.”” Robert D. Maurer, the leader of the
project, was elated at the breakthrough, but what he
remembers best is the reaction to the paper that
announced the existence of the fiber. **} was amazed at
the quickness with which the audience grasped the poten-
tial of the fibers we had just developed,” the 52-year-old
Corning veteran recollects.

All three are still very much involved in the firm’'s
continuing commitment to fiber-optics technology. Maurer
is now manager of applied-physics research, Keck is a
senior research scientist, and Schultz is manager of glass
synthesis research.

The researchers predict a bright future for fiber-optic
technology. “‘Optical fibers will find use in communications
links that now use coaxial cable or copper wires,”” Maurer
says, ‘‘areas such as computer and instrumentation links,
CATV or ‘wired-city’ networks, and applications in power
utilities and electric railways, as well as various govern-
ment and military areas."
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It Takes MoreThan
A Handful of Chips

To Solve An Industrial
Automation Problem

It takes a lot more. It takes I/O. It takes com-
munications. It takes peripherals. It takes
software. It takes service and support. And,
most of all, it takes people who under-
stand the needs of the industrial

system builder. People who can
translate those needs into cost-
effective solutions.

That’s what PCS is all
about. And that’'s why we
make more industrial micro-
computers than anyone
else. Find out how we can
help you solve your
industrial automation
problem. Send for a free
brochure that describes

the PCS Hard Hat line of
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Please send me more information about OPCS single-board
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Screened pc. A low-cost porcelainized steel
circuit board developed at General Electric
uses a screenable, low-temperature-fired,
polymer-based silver ink for the conductive
patterns of a flashbulb array.

by Jerry Lyman, Packaging & Production Editor

(O In the rever-ending battle for lower packaging and
production costs, several skirmishes were won this year.
Cheaper methods of building printed-circuit boards
arrived, lower-cost (and better-performing) hvbrid tech-
niques were adopted, and new methods for packaging
large-scale integration are appearing.
® The year’s most important development is the adapta-
tion of thick-film inks intended for hybrid designs to
printed-circuit boards.
8 A low-cost screenable copper-ink system emerged that
is applicable to thick-film hybrids in every kind of
circuit, from low-frequency to microwave.
® A gradual adaptation of film-carrier technology to
hybrids is appearing.
B Also significant is the introduction of a tiny discrete-
device package, several new LS| carriers, and two auto-
matic-wiring methods.

Manufacturers of pc boards have long wished they
could adapt the simple screen-and-fire process of thick-
film hybrids, because labor, material, and machinery
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costs are low compared to additive or subtractive plating.
However, the 800-1,000°C firing of the screening
process is well above the temperature limits of standard
pe substrates such as epoxy glass and paper phenolic.

The silver screen

The wish has been fulfilled, thanks to last year’s
introduction of screenable inks that fire in the
65— 150°C range. Methode Development Co., Chicago,
is using them to produce on-board silver conductors,
carbon resistors, and dielectrics. These inks, also avail-
able from Electro Science Laboratories, Pennsauken,
N.J., and Electro-Materials Corp. of America, Mama-
roneck, N.Y., can be screened onto a wide range of
materials, from thermosetting plastics to conventional pc
substrates. They are being used on pc boards for Tvs,
security systems, smoke detectors, and test equipment.

Most of the conductors are composed of polymer-
based binders and silver. Resistor materials are based on
carbon plus polymer binders and are available with
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resistivity values between
1 megohm per square.

While the resistors may be screened onto copper-
plated pc boards, the real cost savings comes from
screening both conductors and resistors onto bare
substrates. “*Resistor screening gives a pc manufacturer
the equivalent of automatic resistor insertion without
investing in expensive equipment,” says Wayne Martin,
Methode’s chief engineer. “The resistors are simply
designed into the pc pattern.”

Aside from saving the cost of inserting discrete resis-
tors or potentiometers, the cost of components is drasti-
cally cut. Martin cites the case of a customer who had 32
discrete potentiometers on a pc board. Each component
cost 17 cents. Screened-on elements cost only 1—2
cents.

Another tack has been taken by General Electric Co.
and GTE-Sylvania, who last year began producing
screened-on pc boards for flash-bulb arrays. The boards,
composed only of conductors, use a porcelainized steel
substrate, which has an inherently high temperature
limit, and a special resin-based silver conductor ink.
Production time for GEe’s boards from screen printing
through curing is only a few minutes, compared to up to
60 minutes for plated boards.

A related development is the introduction of polymer-
based conductive inks by Electro-Materials Corp. and
Engelhard Industries, East Newark, N.J. The inks can
be fired onto porcelainized steel in the 550—650°C
range. Since they are available commercially, they open
up the possibility of using the coated steel for other
clectronics applications, such as less expensive hybrids.

10 ohms per square and

Copper inks cut hybrid costs

This year’s big story in hybrid thick-film technology is
also an ink development. Cheap, screenable nitrogen-
fired copper conductive inks have surfaced along with
nitrogen-fired dielectrics and resistive inks. Practically
all the air-fired conductive inks for thick films are
precious metals —gold, palladium, silver, platinum, or
compounds of them. They have two disadvantages: they
are expensive, and they aren’t easily soldered.

The new copper inks are relatively inexpensive
compared to those based on precious metals. They are
excellent conductors and can be soldered and wire-
bonded. What's more, they have good adhesion, good
solder-leach resistance, and excellent low-frequency and
microwave properties.

Almost all the major hybrid-ink companies are
supplying nitrogen-fired copper inks and dielectrics.
While most of them have nitrogen-fired resistor mate-
rials in the laboratory, only Cermalloy, a division of Bala
Electronics Corp., West Conshohocken, Pa., supplies a
resistance ink compatible with the copper ink. The firin’s
NPS 7000 inks have a resistivity range from 100 to
100,000 ohms per square and a temperature coetlicient
of *500 parts per million.

Copper inks are already in use as conductors in
multilayer hybrids, microstrip conductors, high-power
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diode conductors on alumina and beryllia substrates, and
as a termination material for certain types of capacitors.
All major hybrid companies are evaluating them. For
example, a comparative cost study by Cli-Honeywell Bull
in France of copper and gold multilayer substrates shows
that the copper lowers substrate cost from $1.80 to 16
cents (Table I). The comparison is between 2-by-1-inch
substrates with two conductor layers separated by a
double-printed dielectric.

Another field where copper inks are finding imme-
diate use is microstrip circuit applications at microwave
frequencies. They require a full ground plane on one side
and well-defined conductor patterns on the circuit side,
so the ink must be capable of printing large areas and
fine lines, as well as providing low direct-current resist-
ance and low radio-frequency loss. Copper inks easily
meet all these requirements, in contrast to the costly
thick-film gold that requires expensive indium-bearing
solders for chip bonding. These circuits can also be made
by thin-film processes, but only with a large investment
in sputtering or evaporation equipment.

Film carriers fit hybrid needs

Another hybrid development, as important as the new
inks, is the adoption of film carriers for chip mounting. It
is a solution to the yield problems for hybrid packages
caused by the loss of chips during optical inspection,
probe testing, and handling.

The film-carrier system uses a sprocketed, nonconduc-
tive film with a copper surface etched into the inte-
grated-circuit interconnections. Specially bumped chips
are automatically gang-bonded to the inner leads of the
interconnections. (The bumps are raised, metalized
interconnect pads.) The completed film can easily be
moved for on-tape testing or outer-lead bonding.

Two factors have kept hybrid makers away from film-

| CHIP-CARRIER

ASSEMBLY
1
|

"~ CO-FIRED MULTILAYER
MOTHER BOARD

" CHIP-CARRIER
MOUNTING PADS

1. Chip carrier/ mother board. By combining four square, leadless
ceramic chip carriers with a co-fired ceramic multilayered substrate,
it is possible to put four LSI chips in the pc-board space that one chip
in a standard dual in-line package would take.

117



carrier techniques. The major IC firms weren’t willing to
sell chips on tape; instead they were putting most of their
output into dual in-line packages. And the hybrid manu-
facturer who decided to do their film-carrier work in
house ran up against the lack of suppliers of either the
bumped chips or of low-cost tape-bonding equipment.

Recently matters began to look up. Pactel Corp.,
Westlake Village, Calif., came out with a tape that has
the copper interconnect pattern on one side connected
through the tape to bumps on the other side. This should
eliminate the need for specially bumped chips.

This year also brought some good news for those firms
unwilling to go the in-house route. Motorola Semicon-
ductor Products Group, Phoenix, Ariz., is prepared to
supply standard chips (mostly digital logic) on all-
copper-tape carriers.

Semiconductor packages shrink

“Think small” was the watchword for semiconductor
packaging in 1976. Discrete components became avail-
able in a tiny reflow-solderable plastic package, and
smaller alternatives to the DIP started appearing. In
addition, some firms are beginning to use multilayer
hybrid techniques to jam even more chips onto the LSi
carriers usually occupied by standard DIPs.

This year saw the U.S. introduction of the 3-by-3-by-
0.85-millimeter SOT-23 plastic packages for transistors,

Gold system Copper system
Conductor | Dielectric = Conductor = Dielectric
layer layers layer layers
S 258 170 134 170
e P 6.70 0.43 0.45 043
o osy™e 173 0073 | 0060 | 0073
Nitrogen: cost of
separate firings (S) 0.018 0.01
Totat cost of
substrate (S) 1.80 0.16
*June 1975
Two-sided long artwork low
boards ¥ies) (6 — 10 wk) changes
Multi-layer long artwork high
boards s (10 — 12 wk) changes
short no high
Wire-wrap no (2 — 4 wk) artwork 3
. short no tugh
Stitch-weld no (2 — 4 wk) artwork
Single-sided short no high
solder-wrap no (2 — 4 wk) artwork
Two-sided short no high
solder-wrap no (2 — 4 wk) artwork
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diodes, optical couplers, and field-effect transistors and
also of a companion unit, the 4.6-by-2.6-by-1.6-mm
SOT-89 for l1-ampere switching transistors. These small
semiconductors, made in Japan and Europe, can take
rough handling and are suited to automatic insertion.

Consumer and industrial users of thick-film hybrids
are the chief beneficiaries, because these packages are
amenable to low-cost reflow soldering. For instance,
SOT-23 transistors are being applied as display drivers
for light-emitting diodes in digital wrist watches. Next,
linear 1Cs will be put into this small package.

Saving precious pc-board space is the impetus behind
the trend toward square Lst packages. One of the newest
is the MiniPak from General Instruments Corp.’s Semi-
conductor Products division in Hicksville, N.Y. This
glass-epoxy carrier is about 2 in. on a side, a third the
size of a pIpP. On this carrier, an LSI chip is wire-bonded
to plated conductors linked to an array of solder bumps
on the underside of the package.

After the chip is covered with a protective drop of
epoxy, the solder bumps are reflowed to a pc board or
substrate. At present the package is only being used for
the firm’s 28-pin ICs, but there are plans for adapting it
to all of its custom and standard 1Cs.

Another new approach to maximum LSI packaging
density is the chip-carrier/motherboard design from
Minnesota Mining and Manufacturing Co. (Fig. 1). In
this technique, a rectangular, multilayered, cofired
ceramic substrate with a lead frame attached acts as the
motherboard for four LsI chips sealed in small, square
ceramic chip carricrs. The carriers are reflow-soldered to
mounting pads on the motherboard and are easily
removed for repairs. The entire assembly occupies the
space of a standard DIP carrying one of the LSI chips.

As well as easing removal, the carriers facilitate chip
pretesting. The motherboard substrate offers extremely
short lead lengths that allow full-rated IC switching
speeds. Since most interconnection is on the mother-
board, the system pc can be a simple double-sided type,
rather than a multilayer type.

The Wire-Wrap process has dominated the automatic-
wiring field because of its readily available machines and

high low poor very poor poor

high high very poor very poor good

low high good good fair
medium

fair to high fair good fair

high low good good fair
low to

high medium good good good
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No strain on yourAeyes with
the new MX 707A Multimeter ...even less strain on

your budget

‘irst look at that 3% digit, daylight
yright 16 mm read out. Then look
it the simplicity of operation from
)ne dial selector. Then realise that
’s a complete, five-function, line-
yperated digital multimeter with a
000 count and a 10A input that
vill measure on 20A for 30
.econds.

Jow, add the fact that you can
:ount on worst-case accuracies
f 0.5 % for dc voltage and 1.0 % for
Ic currert. And that you get full
werload protection on ail modes.
‘hen, lock at our mini-spec and
:alculate what you expect to pay
or have been paying) for the
rquivalent.

AETRIX

Jivision Instrumentation de la SPI-ITT
>hemin de la Croix-Rouge — B.P. 30 —
'4010 Anrniecy, France

‘el. (50) 52.81.02 — Telex: 300 722

sales and service in 90 countries

melsixe

We can surprise you by coming in
atarounac the $200 mark. Circle the
page number below or the reader
service card at the rear of thejour-
nal. We'll come back to you with an
illustrated data sheet and a firm
price indication that will make your
budget look bigger overnight.

Five functions

Voc 1100 v to = 1,000 vV
10 MQ

Vie 5 mV to 600 V
40 Hz - 25 kHz

1M /71100 pF
lsc i10/.l.A tO:t1OA

IR 10uA to 10 A
50-400 Hz

0 100 mSto 20 M2

Protection

1,000 V p. to p. on all V ranges

220 V rms on ali Q ranges

0.3 A cn all mA ranges

20 A can be measured during 30 s
on tne 1C A input

Dimensions
W 210 mm. H 330 mm. D 75 mm.

Instruments and Components ITT
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Way out in front!

A great new line of RF-heating triodes from THOMSON-CSF:

e Output power from 100 to 800 kW.

e Superior PYROBLOC" grids and HYPERVAPOTRON® anode cooling - the latest word in power-grid tube technology.
Specially designed for industrial thermal treatment and built using rugged metal/ceramic technology.

Get the latest advance in the power-grid tube state of the art from the RF-heating leader: THOMSON-CSF!

Contact us today.

X\

THOMSON-CSF

THOMSON-CSF ELECTRON TUBES / 750 BLOOMFIELD AVENUE / CLIFTON NJ 07015 / TEL. - (201) 779 1004 / TWX : 710 989.7149

France - THOMSON-CSF Division Tubes Electroniques / 38, rue vauthier / 92100 BOULOGNE-BILLANCOURT / Tel - (1) 604 8175

Germany - THOMSON-CSF Elektronenrohren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN 1/ Tel. - (0611) 71.72.81

Iltaly THOMSON-CSF Tubi Elettronici SRL / Viale degh Ammiragh 71/ 1- 00136 ROMA / Tel - (6) 638 14 58

Japan THOMSON-CSF Japan K.K / TBR Buiiding / Koyimachi 5-7 / Chiyoda-Ku / TOKYO / 7102 / Tel. - (03) 264 6341

Spain - THOMSON-CS} Tubos Electronicos S A / Alcata 87 /7 Dcha/MADRID 9/ Tel. - (1) 226 76.09

Sweden - THOMSON-CSF Elektronror AB / Box 27080/ S 1025} STOCKHOLM 27 / Tel (08) 22 58 15

United Kingdom - THOMSON - EaQronnc Tubes Ltd / Ringway House / Betli Road Daneshill / BASINGSTOKE RG24 OQG / Tel. (0256) 291565/ Teiex 858865
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special 1C socket panels with pin matrices. Now two new
contenders are cntering the arena: Solder-Wrap, from
United Wiring and Manufacturing Co., Garland, Texas,
and Bell Laboratory Inc.’s Quick Connect.

Solder-Wrap is already in use by Texas Instruments
Inc. and Control Data Corp. The Bell Labs system, on
the other hand,is still confined to in-house use.

Alternatives in automated wiring

The United Wiring process forms interconnects at
speeds two to three times as fast as Wire Wrap—as
much as 2,400 connections per hour on automatic equip-
ment. It routes a fine insulated wire to the protruding
pins of components previously inserted in a specially
patterned pc board. The individual wires and component
leads arc soldered to the pe pads by a soldering probe,
which simultaneously melts away the wire insulation at
the solder area.

Solder-Wrap has completely automatic equipment
with a self-checking feature that makes sure of cach
conncection. The process will not proceed if an error in
wiring has occurred. Wiring costs arc said to be
20-30% lower than for competitive methods. So far
Solder-Wrap has been used extensively for transistor-

— r—

In late 1971, market researchers at Owens-illinois Inc.,
Toledo, Ohio, decided that the rising cost of precious
metals made the time right for research on non-noble
conductors for thick-film microelectronics. A young chem-
ist, John D. Grier, who had been with the firm for five
years, was assigned as program manager.

l Grier decided to concentrate on creating a workable

L e— —

nitrogen-fired copper paste. There had been earlier
research on copper pastes, but these compositions used
100-micrometer copper particles to produce conductors
with poor peel strength and low conductivity.

| He went to 3-to-5-um copper particles for the functional
phase of the ink and found both a glass binder and vehicle
that could survive firing at about 800°C. The late 1972
result was a patented, practical, screenable copper paste
that had good peel strength and conductivity. At that
point Grier correctly predicted that the new copper paste
would be suitable for microstrip and thick-film hybrid
applications.

After leaving Owens-lllinois in January 1973 and
spending a short time at Dynasil Corp. of America, he
came to the Cermalloy division of Bala Electronics Corp.,
West Conshohocken, Pa., as director of new-product
development. It was there that he continued his original
work on base-metal inks and developed a full copper
| system of conductor, resistor, and dielectric inks. In addi-
1 tion, he created a low-firing-temperature (580°C) nickel

ink suitable for gas displays fabricated on black alumina
substrates. He has also done extensive work on other
base-metal inks such as zinc and aluminum, which is
radiation-resistant.

“Base-metal technology, and copper in particular, will
take advantage of all the experience hybrid manufacturers

Electronics /October 28, 1976

Production Packaging & Prod

transistor logic, as well as for emitter-coupled logic
where it is possible to put down twisted pairs to climinate
cross-coupling and reflections. Table 2 (furnished by
United Wiring and Manufacturing) compares Solder-
Wrap to its major competitors in this field.

Quick Connect, the sccond new automatic-wiring
method, was devcloped at Bell Labs, Holmdel, N.J., by
Charles Von Roesgen, supervisor of optical systems. It
began as a breadboarding technique that had insulation-
piercing terminals on one side and special pins to accept
IC leads on the other. Arrays of these pins were mounted
on special epoxy-glass boards with plated-on ground and
power planes. The boards were wired by pressing
insulated wires into the terminals, making a gas-tight
connection. The system's low profile (about 420 mils
including Dirs) permits use of high-speed logic.

With the addition of a semi-automatic, self-checking
wiring machine that accepts Wire-Wrap software, Quick
Connect has become a full-fledged automatic-wiring
system. Von Roesgen says it is at least twice as fast as
Wire-Wrap. Hundreds of boards have been wired at
three branches of Bell Labs, most of them with TTL and
TTL-Schottky logic. This system is not commercially
available, but the firm will probably license it. O

- —_—

have already gained in air-fired systems to cut the time lag |
for the full use of these new inks," Grier says. “‘Large
numbers of microstrip circuits using copper inks will
appear this year followed in about a year by muitilayered
thick-film hybrids with copper conductors." I
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Mold maker. Six-spindle bottle-mold ma-
chine with Honeywell controls can produce
five molds in approximately 6'/2 hours.

More tools, processes yield
to microprocessor control

by Michael J. Riezenman, wnew products Editor

O Activity has been lively in three areas:
sMicrocomputer-controlled machine tools.
®Microprocessor-based process-control systems.
®The development of semiconductors for the generation
of electricity, and the control of its consumption.
Microprocessors are finally getting into the main-
stream of industrial new-product development. Although
only a year or two ago they were regarded merely as
promising devices, they are now routinely used in a
variety of applications — principally in the machine shop,
in process control, and in energy-management systems.
Some progress has been made in the use of photovol-
taic cells to generate electricity. But the day on which
they become serious competition for oil is still in the
unforeseeable future.

Controlling the machine shop

Electronic control, of course, has carved out its niche
in the machine shop. But this year, some changes have
been made in the size of that niche, as well as in what'’s
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filling it. As the doors closed on last month’s giant
International Machine Tool Show, attendees, who are
accustomed to the increasing price of iron, were amazed
by the falling price of silicon. More new machine tools
have numerical controls instead of manual ones, more
numerical-control systems include computers, and more
of those computers are microcomputers rather than more
expensive minicomputers.

Although two years ago only one computer numerical
control was being built around a microprocessor, a half-
dozen controls manufacturers are now offering CNCs
built around microprocessors instead of minicomputers
[Electronics, Sept. 16, p.44). General Electric Co.,
Waynesboro, Va., by far the largest control maker, has
filled out its line with several new controls, including a
low-cost family with limited capabilities that is built
around Toshiba 12-bit processors and programable read-
only memories. Its pioneering 1974 entry, the Mark
Century 1050, used a five-chip IMP-16 from National
Semiconductor Corp. and more than a score of dedicated
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arithmetic processors. McDonnell Douglas Corp. hopes
to become an important controls manufacturer through
its Actron division in Monrovia, Calif., while Germany’s
Siemens AG and Japan’s Fujitsu Fanuc Ltd. are pursuing
the U.S. market through a joint venture, General
Numerics Corp., in Elk Grove Village, Ill. Actron is
building its control around a microprocessor from
Nitron, a division of McDonnell Douglas, while General
Numerics is using an Intel unit.

Divide and rule

The microprocessor has presented manufacturers of
process-control systems with the combined opportunity
and problem of distributing intelligence around the
plant, rather than concentrating it in one central
computer or a small number of computers. The advan-
tages include increased reliability —especially minim-
izing the effects of failure of any single computer,
reducing communications requirements, and reducing
system costs. The major problem now is to figure out the
best way to distribute intelligence around a plant.

One approach, that of Beckman Instruments Inc.,
Fullerton, Calif., is to use one microprocessor for each
control loop in a system. The Beckman series 8000 AsCll
computer interface system, which was unveiled earlier
this month at the Instrumentation Society of America
show in Houston, doesn’t so much distribute intelligence
as reduce communications costs. It allows a single five-
wire data bus to connect a maximum of 36 controllers to
one computer port. Most other techniques require that
each controller have its own set of wires going to and
from the computer. At an estimated cost of $5 to $10 pe.
connection in the field, plus the cost of wire and duct-
work, it is clear that this so-called data-highway
approach can produce large savings.

A somewhat different method is being applied by
Honeywell’s Process Control division, Fort Washington,
Pa. Its TDC 2000 system also communicates over a data

highway, but a single microcomputer controls up to eight
loops. The microcomputer acts not only as a communica-
tions controller but also as a local process controller. It
can make changes in the setpoints of some of the loops
under its control as they are affected by changes in other
loops. This not only allows for more efficient operation
of the system if the central computer fails, it also relieves
the central machine of much of its simple, but time-
consuming and repetitive work.

While microprocessors are cutting costs and increas-
ing the reliability of minicomputer-based process-control
systems, at the individual-instrument level microproces-
sors make possible devices that were economically
impossible before. “Smart” recorders and plotters, for
example, are being offered by several companies. One
measuring device that combines two recent technolo-
gies—microprocessors and lasers—is the Microtrac
particle-size analyzer recently developed by Leeds &
Northrup Co., North Wales, Pa. Useful for measuring
particle-size distributions in such varied applications as
ore-grinding, pottery-manufacturing, flour-milling, and
the preparation of pharmaceutical powders for compres-
sion into pills, the Microtrac device can handle particles
measuring anywhere from about | to 200 micrometers.

The analyzer (Fig. 1) works by passing a laser beam
through a sample of the material being studied and then
measuring the characteristics of the light scattered by
the particles. (The laser is used not for its monochro-
matic or coherent properties, but because it is an inex-
pensive, reliable source of well collimated light.) After
the scattered light emerges from the sample cell, it is
collected by lens | and projected through a fixed sector
disk and a computer-generated rotating optical filter to
the photodetector.

The photodetector output is sent to the digital proc-
essor where it is digitized by an analog-to-digital
converter and processed by a microcomputer built
around an Intel 8008 microprocessor. The microcom-

SAMPLE

FIXED

ROTATING
OPTICAL

FILTER
™~

PHOTODETECTOR

DIGITAL PROCESSOR

I

1. Particle sizer. Small particles scatter laser light further from its axis than do large particles. Exploiting this phenomenon, Leeds &
Northrup's Microtrac analyzer uses a rotating optical filter to determine mean particle size and standard deviation.
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2. Keeping cool. Although operated under concentrating lenses, this
RCA silicon-cell array keeps its temperature rise to only 10°C by
using small cells spaced relatively far apart on a heat sink. At 1,000
suns, the array has an efficiency of 10%.

puter correlates the photodetector output with the
angular position of the rotating filter. Data displayed by
the digital processor includes mean particle size and
standard deviation of particle-size distribution.

Solar cells dawdle

The economical generation of electricity by photovol-
taics still faces a chicken-and-egg dilemma: the price of
solar generators is too high to make them competitive
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Cold forming | .
Hot forming ‘
Hot rolling
Cold rolling
Powder metatlurgy
Pressure die casting
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injection mouling
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Industrial Industrial Industrial Industrial
with alternate sources of electricity for most applica-
tions, and demand is not yet sufficient to attract enough
suppliers to drive the cost down. However, that situation
is changing slowly. The Federal Government’s Energy
Research and Development Administration has recently
announced that the cost of using solar cells to generate 1
watt of peak power has been halved from about $30 to a
little more than $15 in only 18 months. Meanwhile, the
conversion efficiency of silicon cells in volume produc-
tion has crept up from about 10% two years ago to 12%
today, and 15% is being promised two years hence.

But when the ERDA price goal of 50 cents per peak
watt by 1986 is considered, it’s clear that U.S. producers
still have a long way to go. ERDA officials say that’s the
price at which solar generators can readily compete with
other energy sources across the board, not merely at
remote sites where it’s too costly to install land lines.

Further, there’s some indication that silicon may have
fundamental limitations that won’t allow much more
than 18% to 20% conversion efficiencies. That’s one
reason silicon-cell makers are looking more and more at
sunlight concentrators—lenses that intensify the light
focused on their arrays (Fig. 2).

Of more immediate value than its potential as a source
of electricity is the capability of electronics to conserve
energy through careful control of its usage. This idea is
being implemented at present mainly in the control of
the heating, ventilating, and air-conditioning (HVAC)
systems of large commercial and industrial buildings.
This may not solve the energy crisis, but it is a good first
step, and it can be done now. O

SOURCE NUMERICAL CONTROL SOCIETY, INC
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Broadest choice.
Highest output power.
New TI peripheral drivers.

Thirty-seven devices including the
industry leaders, TI's SN75450 and
SN75460 Series. Twentv-one are
brand new. The highest output pow-
er capability available. With a
spread of 300-500 mA and 15-100 V,
vou'll now have fewer problems
matching current/voltage combina-
tions to design requirements.

Being single package, monolithic
devices, these new linear ICs save
assembly time. Improve reliability.
Cut component costs. Rid p.c. boards
of unnecessary clutter.

And no problem with driving in-
ductive loads. TI's new SN75475 and

TEXAS INSTRUM

1975 Texas Instruments Incorporated
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SN75466/67/68/69 have output clamp
diodes built-in on the chip. No cx-
ternals required.

TIPERIPHERAL DRIVER FAMILY

No. per Latch-up Typical Logic
Package Voitage Speed Type Package

ULN2001-ULN2004
SN75466-SN75469

S0V 1us |Inverter N/J
60V 1us Inverter N/J

SN75430-SN75434 2 15V t3ns  Ad NJ/PLG
SN75450-SN75454 2 20V 20ns Al N7J/P/IJG
SN75460-SN75464 2 30V d2ns Al N'J/P UG
SN75470-SN75474 2 55V 42ns At NYIPIG
SN75401-SN75404 2 30V 42ns Al NE
SN75411-SN75414 2 55V 4d2ns ANl NE
SN75475 2 55V 42ns NAND P/JG

7

i

N=14-pin plastic DIP; J-=14-pin ceramic DIP; P~ &-pin plastic
DIP; JG~8-pin ceramiic DIP; NE=Heat sink 14-pin dlastic DiP.

INCORPORATED
Circle
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Another new wrinkle: the SN75401
and SN7H411 Series come in a spe-
cial low thermal impedance (NE)
package with copper-clad silver-
plated leads. You have a choice of
logic functions— AND,NAND, NOR,
OR —as well as packages. Excellent
availability: competitive prices.

New Data Book: For your personal
copy of TI's hot-off-the-press
Peripheral Driver Data
Bock, write Texas In- 5
struments Incorporat-
ed, . O. Box 5012, M/S 0
30&, Duallas, Texas
75222,

ENTS
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125



CONTROL

s

-

O

£

SOURCE
0ATA
REGISTER

TI's new single-chip, 16-bit TMS9900 microprocessor is
the frontrunner of a revolutionary new family. The first
family of software-compatible microprocessors, support
circuits, microcomputers and minicomputers. To give
you unlimited design flexibility. A technological
milestone achievable only by a leader in

both integrated circuits and minicamputers.




Now, minicomputer performance
from a 16-bit microprocessor:

TIS new TMS9900.
...And its only the beginning.

Unmatched. In word size. Instrue-
tion set. Addressing capabilities.
TI’s 16-bit TMS9900 microprocessor.
Powerful enough to be the heart
of a minicomputer. Ideal for termi-
nals. Instrumentation. Machine
control. Scores of OEM applica-
tions. Destined to become today’s
and tomorrow’s design standard.
Because the TMS9900 micropro-
cessor represents more than just a
single device. It introduces a new
family concept allowing full design
flexibility. Enabling you to move
freely and easily over your entire
range of applications. Now. And in
the future. With less redesign. Less
software reinvestment. Less re-
learning. Less obsolescence.

Improved System Cost/Performance
Compared to 8-bit uPs, TI's TMS9900
microprocessor provides these un-
matched savings:

* 30% faster execution time

* 50% saving in program coding
*50% saving on system interface
costs

*«50% more efficient interrupt
handling

*20% reduction in memory bit
requirements

These benefits stem from the
TMS9900’s advanced features:

16-bit instruction word with full
16-bit data precision.

Operation at 3.3 MHz clock rate.

Full minicomputer instruction set
including hardware multiply and
divide.

Advanced memory-to-memory
architecture that locates general-
purpose register files in memory.

Separate address, data, I/O and
interrupt buses.

Complete Design Support
Hardware and software develop-
ment tools are available to help you
utilize the 9900. For evaluation and
development work, there’s the 990/4
board level microcomputer. In a
desk-top chassis, the 990/4 serves as
a fully supported prototyping sys-
tem. And for larger software devel-
opment, there's the 990/10 TTL
minicomputer. All available now.
For design assistance, TI micro-
processor applications specialists
are located in 12 T field sales offices.

990/4 Board System

Fully Compatible Software

The 9900/990 software has been
tested and proven in more than 1000
systems. Any software you develop
for the TMS9900 can be used with
the 990/4 and 990/10 minicomputers
—or the SBP9900 and TMS9980 mi-
croprocessors. In fact, any software
developed for the TMS9900 can be
used with any other family member
—at present and in the future.

990/4 Prototyping System

More 9900 Family Soon

The TMS9900 is just the beginning.
Future family circuits, all software
compatible: SBP9900, an I?L micro-
processor designed to handle mili-
tary temperature ranges. TMS9980,
an N-channel 4P with an 8-bit data
bus for smaller systems.

Also coming are 9900 peripheral
support circuits: TMS9901 program-
mable systems interface. TMS9902
asynchronous communication con-
troller. TMS9903 synchronous com-
munications controller. And the
TIM9904 low power Schottky TTL
4-phase clock generator.

Applications Workshops

TI distributors are sponsoring ap-
plications workshops in 36 locations
across the nation beginning in
November. For more information
about the workshops, the 9900 First
Family, or price and availability,
contact your TI field

sales office. Or write o
Texas Instruments In- H
corporated, P. O. Box

1443, M/S 669, Houston,

Texas 77001,

TEXAS INSTRUMENTS

(© 1976 Texas Instruments Incorporated
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Trend setter. A good example of the rapid
application of LS| technology in low-cost
consumer products is the Texas Instruments
plastic case watch that retails for $19.95.
The module (left) is a chip and lead frame
encapsulated in plastic (opaque in actuality)
similar to other standard IC packages. It
makes automated production possible for
large-volume output at low total cost.

LiSI chips taking over more
household chores

by Gerald M. Walker, cConsumer Editor

= Cooks, commuters, competitive types, and clock-
watchers may not be aware of it, but microprocessors are
about to enter their lives. Already established in such
commercial products as point-of-sale devices and text
editors for the office, the devices will soon be titillating
the consumer’s fancy in video games, microwave ovens,
automobiles, and even some digital watches.

® Using other LS circuits, TV makers are equipping their
sets with remote electronic tuning and automatic color
control as well as rigging them for video games.

® Further ahead, some imaginative entrepreneurs hope
to team the TV set with a Touch-Tone telephone
keyboard and a microprocessor far data processing.

® [ndigital watches, 121. and C-MOS chips are competing,
and so are LED and LCD displays.

® Although the calculator must have nearly reached the
maximum performance for the lowest possible price,
nonvolatile memories are being installed for the first
time in scientific models.

® An expensive video offshoot, projection television, has
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begun to move into American homes. But development
of video-disk players has slowed, though Japanese manu-
facturers of video-tape recorders are jockeying to estab-
lish their products as the VTR player/recorder standard
for home systems [Electronics, Oct. 14, p. 68].

® Home appliances are rapidly getting solid-state
controls to conserve electricity as well as for timing
precision.

® After a couple of years of idling, automobile elec-
tronics is being shifted into high by the Environmental
Protection Agency’s tightening of emission standards,
the public’s demand for fuel economy, and the likelihood
of renewed Government interest in mandatory air bags.
The first digital microprocessor will be installed in a
1977 car. ard more—many more —are sure to follow.

Games score with microprocessors

In the past year, the most successful video games have
been adaptations of the popular paddle-type games origi-
nally developed for arcades. Home games are becoming
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0 popular that a couple of dozen companies are trying to
get a piece of the action. More variations and increased
difficulty have been added by the entry of the first
microprocessor in a game.

The microprocessor has brought about programs for
additional games stored in digital tape cassettes. Some of
these games, such as blackjack, enable the player to
compete against the microprocessor. Most of the first-
generation games have been based on MOs chips that
generate images of the paddle, the ball, and playing
field, as well as store the logic necessary to control
movements of the players and ball.

Although the simple paddle-type games have barely
reached the market, the Tv industry is excited over next-
generation programable games based on microproces-
sors, such as Fairchild’s Video Entertainment System
(VES), built around an F-8 microprocessor set. The
reason for the excitement is obvious: the games using
hard-wired LS chips are no match for microprocessor-
controlled systems in variety of challenges and sheer
playability. Some programable games aimed for high-
volume production will probably contain dedicated
custom processors rather than standard units like the
four-chip F-8.

The Fairchild ves, which uses additional random-
access memory and video modulator circuits, will
probably be converted to a dedicated microprocessor
later. The present model, priced at $150, consists of a
set-top console that contains two preprogramed games
and a pair of joystick controls. The VES is programed by
a library of digital tape cartridges, called Videocarts,
which are inserted into the console. By the end of the
year, Fairchild hopes to have five Videocarts offering 10
games and four types of arithmetic quizzes.

Although building game chips into the Tv set is an
efficient way to use them, the resulting sets may become
obsolete so that fewer people will buy them than if the
consoles are connected to the antenna terminals of

|
|
dedicated arcade games S$1.000 |
Arcade . ‘
(hiah end) reprogramable pinball machines to
| . en reprogramable arcade games $3.000 |
|
| |
y i 0
Retromtiah | free-standing (cassette programable) S20! |
pinbali to |
' Lol ‘ card games $S500 |
ﬁ i ']
| ‘ ball and paddle (second generation) ‘I
' ‘ battle S25
TV add-on race to
‘ cards/gambling/doodle {programable) S100
] educational (interactive)
|
\l : boxes S10 !
|
| Nom: ¥V handheld o
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existing home receivers. German manufacturers are
leaning toward the built-in approach, but in the U.S.,
only Magnavox has elected to do so. That company,
which in 1972 offered Odyssey as the first video game,
will have a $499 19-inch model that contains a three-
game chip supplied by General Instrument Corp.’s
Microelectronics division in Hicksville, N.Y. Texas
Instruments has been supplying 11 chips for Magnavox’s
other Odyssey models.

The leading supplier of muitigame chips this year has
been General Instrument Corp. Later, National Semi-
conductor Corp. of Santa Clara, Calif., introduced a
chip for three games in full color that will be used in a
game to be marketed by National’s Consumer Products
division.

For the set owner who wishes to spend less money,
Texas Instruments, Dallas, has introduced a two-game
monochrome chip. In contrast to the $60 to $120 for
most units, games using the Ti entry could retail for $30
to $40. And 1TT’s West German subsidiary, Intermetall,
is introducing a chip for the European market.

By the end of the year, General Instrument will be
offering three more games. One design, built around a
microprocessor, provides blackjack and slot-machine
games of chance. Another will be the second-generation
chip for a paddle-and-ball game, and the third will be a
battle game on one or two chips.

GI's n-channel MOS chip enables an original-equipment
manufacturer to build a game fairly easily. In addition
to the chip, the only components required are an oscilla-
tor-modulator, a couple of potentiometers, a power
supply, a switch to decouple the game console from the
TV antenng, and a case to hold the circuit boards. For
manufacturers of add-on games, however, a formidable
technical hurdle—the Federal Communications Com-
mission—must be cleared. Type approval must be
obtained for these Class I Tv devices, which must
conform to specifications in part 15 of the FCC rules

3Ly
1. Selection. All-electronic tuning has been advancing rapidly in
West Germany. For example, this Grundig channel-selection system
designed jointly with 11, features scan and select frequency search.
When user firds correct frequency, he enters it into memory.
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2. Watch memories. Microma's LCD chronograph watch (left), which sells for under $100, is based on a mask-programable MOS circuit from
Intel. Hewlett Packard's HP-25C programable scientific calculator has a C-MOS continuous memory that retains input when turned off.

which cover interference regulations.

The television receiver itself has been undergoing
considerable changes in the last few years. The 1977 line
is chock-full of innovations that range from digital
elecironic-tuner address systems and automatic color
controls to the picture tube itself.

TV sets get revamped

The rapid improvement of electronic tuners with LSl
digital address systems has made it possible to design
truly efficient remote controllers, some of which can
change contrast, brightness, color intensity, channel, and
volume, as well as switching the set on and off. In
Europe, which is ahead of the U.S. and Japan in
acceptance of remote tuning, both infrared and ultra-
sonic systems are being used.

U.S. set designers for the last few years have been
working toward automatic control of contrast, bright-
ness, color saturation, and tint. There are now two ways
to go—either internal factory-preset controls and
circuits that correct picture appearance to match these
settings or external decoding of the vertical-interval
reference (VIR) transmitted by some broadcasters on the
19th line for each frame. Thus far, only the General
Electric Television Business department, Portsmouth,
Va., has elected to go the VIR route.

GE’s VIR system identifies the 19th line and decodes
the reference data, which automatically adjusts the color
control. If the VIR switch is not turned on or the station
being received is not transmitting the VIR signal on the
19th line, the receiver must be operated by manual
controls. Circuitry to detect and process the VIR consists
of five off-the-shelf TTL integrated circuits and 30 tran-
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sistors. However, these components may be integrated
into one or two Lsi chips in future models.

Infrared remote control, installed on most sets in the
new line from Grundig of West Germany, is imple-
mented with a photodiode on the set and a small hand-
held IR transmitter. For each of five control functions,
the transmitter produces a specially coded ultrasound
signal, modulates that signal into the 950-nanometer IR
beam, and sends it to the photodiode at the Tv set. After
demodulation, the signal performs control functions.

The RCA Consumer Electronics division, Indianapolis,
Ind., also has an elaborate remote controller that
operates by ultrasound. The RCA ColorTrak model with
remote control displays the channel number and time on
the screen. In addition, the hand-held remote unit has
buttons for channel-selection, as well as to control
volume, color, and tint. When the set is in the color-
control mode, the channel display is recalled in red, and
the buttons used for volume then control the color. When
the set is in the tint-control mode, the channel display is
in green. The up button then changes flesh tones in
increments toward magenta, while the down button
changes it in increments toward green.

Not only have digital-address systems made remote
controllers more elaborate, they have made remotes
easier to install. Magnavox Consumer Electronics Co.,
Fort Wayne, Ind., and Rockwell’s Admiral group in
Schaumburg, 111, have both introduced remote-control
kits for retrofit after the set is purchased.

The Magnavox kit, consisting of a microphone and
amplifier that interfaces with the digital address pack-
age, must be installed in the cabinet by the dealer. The
set owner can plug in the Admiral unit, which has a
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Teledyne Hybrids
Arrive on MARS

Hybrid microcircuits manufactured g
by Teledyne Microelectronics played

an important role in the Viking Missions—
from initial launch, thru descent on Mars
and the on-going scientific experiments.

enertial Reference eBiology Experiments e_aunch Vehicle
eGuidance Control eCamera Circuits Atlas-Centaur
Computer eMeteorology Guidance Computer
eData Acquisition eUpper Atmosphere
& Processing Mass Spectrometer

573hybrids 137hybrids 645hybrids

FOR YOUR HI-REL HYBRID MICROCIRCUIT REGUIREMENTS, CALL:

‘W TELEDYNE MICROELECTRONICS

12964 Panama St., Los Angeles. Calif. 90066 . Phone (213) 822-8229
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Coming through...

with people,ideas, products-
whatever it takes fo get the job done

Wire, cable and cord sets usually cost less to
buy than install. And poor performance can
cutintoyour product's profitabilitydeeperthan
potential savings on an initial buy. Belden is
ready with whatever it takes to get the job
done right.

BROAD LINE: Belden comes through with thou-
sands of standards that fit your toughest
environmental and application needs. And if
a standard won't work, we will custom design
an answer to your need.

ENGINEERING HELP: When you have problems
in stripping, terminating, installing, fabricat-
ing, safety engineering, ordering, quality
control, or want information on the codes or
design parameters, ask a Belden specialist.
"Hot-line” assistance is as near as 317-
966-6681. Call and see.

UNIQUE PUT-UP CAPABILITY: Ask about Belden’s
UNREEL® dispensing system. Pays out wire con-
tinuousty without snarls, backlash, or tension-
ing devices. One company cut processing
time by 30%”

And Belden is coming through with a lot
more. A design kif that covers performance
characteristics, costs, material capabilities.
And we've increased production capability
for shorter lead times, great delivery.

Quality wire, cable and cord—whatever it
takes to protect your bottom line performance
every day. Belden Corporation, Electronic
Division, PO. Box 4327, Richmond, IN 47374,
317-966-6661. 866 B

‘tinformation available upon request.

BELDEN
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Coming through...

with new ideas for moving electrical energy

. A Belden
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combination microphone/amplifier, through the front of
the set. Each kit includes a battery-powered, hand-held
controller for on/off, volume, and channel selection, plus
mute. A major advantage in having field-installable
remote tuners is that receiver inventories can be reduced
for both the manufacturer and the dealer. A single
receiver model can be equipped with a remote control if
the customer desires it. In addition, more people may be
inclined to buy the remote control some time after
purchasing the set when the additional cost of $99.95
does not seem as formidable.

Watch technologies compete

Even though the digital watch has become entrenched
in the world market, two technologies are still in dispute:
integrated-injection-logic versus complementary metal-
oxide-semiconductor electronics and light-emitting-diode
versus liquid-crystal displays. A single 'L chip and a
plastic case enabled Ti to deliver in April the $19.95
watch it had promised in January. Competitors have
countered by mounting display logic and timing logic on
the single ¢-M0s chip. National Semiconductor ran into
highly publicized yield problems with its ¢-M0s chip, but
these have apparently been overcome.

i has the inherent advantage because the LED-display
drivers can easily be mounted on the same chip as the
control logic. Such a configuration is more difficult with
C-MOS technology, but the necessary packing density has
been made possible by silicon-gate processing.

At the high end of the market, the development of so-
called programable MOS chips has been a key factor in
the design of economical multifunctional watches. Intel’s
processor-type watch chip, which has been customized
for use by the company’s Microma watch subsidiary in
Cupertino, Calif., has programed-logic arrays to control
timesetting, and a ROM and a RAM are used for time
counting and related functions. This chip is programed
at the mask level for 4-, 6-, and 8-digit displays, as many
as eight timing functions, including chronograph, and a
choice of several styles of alphanumeric characters.

Watch-display technology has not been settled yet
either. Even though LEDs dominate the low end of the
market, LCDs have made a strong comeback in the
medium-to-high-end watches, thanks to improvements in
reliability, viewability, and the addition of command
back-lights for visibility in the dark.

Memory extended for calculators

Manufacturers have started a new major trend, the
use of nonvolatile memories in calculators. Due out this
year is a range of scientific calculators, some with metal-
nitride-oxide-semiconductor (MNOS) memories, a rela-
tively untried semiconductor technology. A more
conventional approach is use of clocked static C-Mos
random-access memories that require only a few micro-
amperes of current to maintain the stored input.

New clocked static 1,024-bit C-MOS RAMs from
National, Intersil, and American Microsystems Inc.
dissipate in the standby mode only 75 to 100 microwatts,
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which is within the self-discharge rate of nickel-
cadmium batteries—2% to 3% a week.

The MNOS memory is truly nonvolatile. It consumes no
power to store data, the data can be changed electrically,
and the readout is nondestructive. Unfortunately, the
adoption of MNOS has been retarded by its high cost and
uncertain reliability. The nitride storage medium has a
tendency to take charge into the substrate so that the
memory loses data.

Microprocessors travel to Detroit

When General Motors Corp. announced that it will
use a 10-bit digital microprocessor to control ignition in
the 1977 Oldsmobile Toronados, some of the suspense
over Detroit’s intentions in processors was relieved. The
custom two-chip microprocessor was designed by GM's
Delco-Remy and Oldsmobile divisions, and it was devel-
oped by Rockwell International. GM will second-source
the manufacturer chosen to produce it.

This processor, which times the ignition and regulates
the spark, is expected to increase the Toronado’s fuel
economy by 1.2 miles per gallon. Called Misar, for
microprocessor sensing and automatic regulation, the
system processes inputs from three sensors—coolant
temperature, manifold vacuum, and crankshaft position,
which also provides engine speed.

Misar, which is programed to interpolate speed and
vacuum information and look up in memory the
optimum ignition timing, also controls the dwell and
either advances or retards the firing according to the
temperature of the coolant. The microprocessor’s
programability is expected to pay off handsomely as it is
matched eventually to the various types of GM engines.

Meanwhile, Chrysler Corp. engineers are planning to
use customized automotive microprocessors to succeed
the discrete electronic spark computer used on the lean-
burn engine. Taking another tack, Ford Motor Co. is
secking to develop a custom microprocessor to control
several functions.

The long-range prospects for consumer electronics are

3. Custom job. GM’s 10-bit microprocessor-controlled spark timing
system, designed by Delco-Remy for the 1977 Olds Toronados,
uses inputs from three sensors and computes spark advance based
on engine speed, vacuum, and coolant temperature.
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also tied to the microprocessor. The way it will invade
the television receiver is suggested by the Admiral
Videospond, a proposed system that uses the TV set to
display several non-broadcast services. Designed around
the PPS-8 microprocessor from Rockwell International
Microelectronics group in Anaheim, Calif. Videospond is
an interactive system, programed by digital-tape
cassettes and has joysticks to control on-screen cursors.
Though Videospond has been put on the back burner at
Admiral, it’s been demonstrated in four distinct modes:
programed instruction, information storage with text
editing, calculations such as determining the optimum
diet and exercise to reach an individual’s ideal weight,
and highly sophisticated games and entertainment.
Other services will be performed around the house by

. One of the most significant developments this year in the

consumer market was Texas Instruments’ introduction in

April of the first digital watch to retail at less than $20. its

arrival opened up a large new market much sooner than

had been predicted.

‘ The engineers responsible for meeting the April deadline
with the $19.95 five-function watch agree that at every

| step of the design and production cycle they were dealing
from TI's strengths in semiconductor technology. From the

. chip to the module to the unique plastic case, there was a

. minimum of technical tightrope walking because the team
was applying technologies mastered in previous
products.

‘ Nevertheless, particular challenges had to be overcome.
"“If this were some other company, we probably would
have approached the problem from a different direction,”
comments Hector Cardenas, 39-year-old engineering
manager for the Time Products division and technical
director for the low-cost watch project. “But we took
advantage of our leadership in ICs, calculator displays,
and molding techniques to reach our own solution."

Cardenas, who in 15 years at Tl has helped develop

| diode-transistor and emitter-coupled logic, points out that

the original goal was to develop a watch to sell for more

| than $100. But in doing so, he realized that all the

elements were in hand for entering the under-$25 mass
market, where 70 —80% of all watches are sold.

} At the chip level, the fundamental decision was to use

| integrated injection logic rather than complementary-MOS

‘ technology. This decision eventually led to a small dense
chip that was easy to integrate and was compatible with

. the light-emitting-diode display. ‘‘Using a bipolar process,

one of TI's strongest suits, we were also able to place the

driver on the same chip,” Cardenas explains.

\ Clark Williams, a graduate of Arizona State College, was

\ in charge of the chip design, including investigating the

| relative merits of I2L and C-MOS technologies. The 31-

. year-old Williams and his IC-development team added an

| isolation process to a conventional nonisolated L process

. so that the display drivers could be integrated on the chip.

. “It was not a major extension of technology, but it was

’ different from TI's other 2L products,”” Williams says.

James Harper, a veteran design engineer, handled the

Profile

microprocessor-controlled appliances, as well. A robot
that cleans the house is entirely possible, for example.
Systems are also being considered to provide heating and
cooling precisely to demand. Additional plans for
consumer application of microprocessors depend on the
further rapid decline in hardware prices. In the last 10
years processing intelligence has dropped by three orders
of magnitude in cost to today’s microprocessors, while IC
complexity has increased by four orders of magnitude.
Over the long run, consumer-electronics hardware is
headed toward virtually free processing, and software
will eventually represent the only important cost. With
this kind of economics at work, there is no end to the
electronic products that probably will become available
to consumers in the next decade. J

module effort. A key decision was to use the firm's
advanced automated-assembly line to turn out the
modules, packaged in plastic. **The Tl watch module is, in
effect, a plastic-packaged IC with a round, rather than
rectangular, shape,”’ remarks Harper.

The automated bonding process put the watch module
under tight production control. In addition, Tl had the
advantage of being vertically integrated in key compo-
nents.

The final step in making the $20 watch practical was
using polysulfone plastic in the case. ‘‘The molding tech-
nology already in place at Tl allowed us to solve the
problems inherent in new product startup, just as semi-
conductor-production expertise enabled the molded mod-
ule, and bipolar leadership made the single chip with on-
board driver possible,” states Cardenas.

Like the company, the design team relied on its
strengths —Cardenas (below, left) in integrated circuits,
Williams (right) in bipolar ICs, and Harper in advanced
assembly —to get the $20 watch out on time.
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of artwork, need
paris? Got masks,

need paris? Got
a deadline, need

paris?

P-Channel Si Gate

) _N-Channe] Si Gate (Lovg Vi)

] N;Chgnne] Si Gite (High V)
] CMOS Si Gate (Low Vi)

CMOS Si Gate (High Vi)
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r With lon Implant

MOS and CMOS processes now on stream

T

Without lon Implant

We do all kinds of custom work. Always
have. And we're glad to interface with
your people at whatever stage suits
your need, from concept to working

plates to finished parts. We'll deliver

your design, wafers, dice, or tested,

packaged parts on time and within .

budget. Call for specifics: Synertek, Synertek
3050 Coronado Drive, Santa Clara, CA

95051, (408) 241-4300. TWX 910-338-0135.
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TrigacVldigital-to-synchro
convertergives you accuracy
and power without
raising your temperature.

The closest thing yet to a Solid State Synchro.
Kearfott's Trigac VI Modular Digital-to-Synchro/
Resolver Converters provide the accuracy and power
you need, with a bonus. In addition to standard 4 arc
minutes of accuracy at 1 volt ampere, the transforma-
tion ratio remains constant within - .25% . We also
have units constant within - 0.1%. That can make
the difference between delivering power or just
throwing it away.

Let us help you be cost effective. Standard options
range from industrial grades thru hi-reliability units,
from accuracies of - 20 arc minutesto - 1 arc minute
and, in addition, special designs and packaging as
you require.

slzunu@
J0ASI- 8@
NS ¥Md 9@
N9 9IS 5@
JASIH | @

AMPLITIEPR
BUFFER

KEARFOTT

RESOLVLR TO SYNCHRO

M 05088- 703185202
il o0 |

THE SINGER CO

KEARFOTT DIVISION

LITTLE FALLS NJ.
MADE IN US.A.

SINGER

Need more power? Try our line of
compatible synchro amplifiers.

Our 3185 Series is designed to perform the synchro
power buffering or resolver to synchro (Scott-T) func-
tion. They provide matched power amplifier channels
and transformer coupled outputs capable of driving
torque repeaters or multiple control transformers up
to 5va. These fully potted units feature overload
protection, low-quiescent currents and transformer-
isolated outputs. Models available range from
industrial to full MIL-SPEC high-reliability grades.

NEED ADDITIONAL POWER? We have units avail-
able with power outputs to 50 va, 60 or 400 Hz
operation, and options of built in digital converters
and/or power supplies.

For details on our converters and amplifiers,
contact The Singer Company, Kearfott Division,
1150 McBride Avenue, Little Falls, New Jersey 07424,

SINGER

AEROSPACE & MARINE SYSTEMS

136 Circle 136 on reader service card

Electronics / October 28, 1976



HERMES
LOOP
ANTENNA

THREE SAMPLE SITES
ON THE NORTH AMERICAN
CONTINENT —

DIFFERENT LATITUDES
DIFFERENT CLIMATE

Listeners maintain
a low protile

Even in the solitude of the forest depths, from rooftops,

arctic tundra. swamps to sweltering tropics, 'neath snow.

sand or :ce,

the Hermes Loop antenna keeps an ear to the sky.

The amazing aperiodic antenna does away with vast log

periodic and rhombic arrays - those towering antenna

farms.

!n rosette contiguration, the Hermes loop antenna provides

an omnidirect:onal broadband receiving array in space

merely 1/100th that of the traditional antenna farm.

More than 53 government agencies around the world have

pressed the loop antenna into service.

A new, even more compact version is available. | ~

Only Hetmes Electronics makes it. 2-32MH:
IBROADBANDl

ASK US‘ Senq for our Brochure
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OCTOBER 1975

NOVEMBER 1975

DECEMBER 1975

JANUARY 1976

FEBRUARY 1976

MARCH 1976

@ First low-cost monolithic temperature transducer, which includes a sensor, a zener reference,
and an op amp, is announced by National Semiconductor. Oct. 16, p. 148

@ Automatic continuity tester for thick-film hybrid substrates, developed by Westinghouse,
slashes testing time from 2 hrs to 2 min. Oct. 30, p. 30

@ Stitch-wireable microprocessor boards, produced by the Apac division of Varian Data
Machines, facilitate low-profile microprocessor packaging for military. Oct. 30. p. 125

@ Microprocessor-based programable controllers introduced by Eagle Signal offer many features
of minicomputer-based systems. Oct. 30, p. 137

® ERDA's photovoltaic-cell effort reaches contract-award stage with orders for $1 million worth of
solar cells. Nov. 13, p. 40

@ First use of 16-k RAM chips in a commercial computer system is announced by Four-Phase
Systems Inc., Cupertino, Calif. Nov. 27, p. 36

@ Quick Connect wiring system developed at Bell Labs, Holmdel, N.J. is faster than wire wrapping
and easier to modify or repair. Nov. 27, p. 48

@ Laser-based photorepeater from D.W. Mann division of GCA Corp. has a resolution of 1 umeter
and exposable area of 36 in.2 Dec. 25, p. 96

@ Fail-safe computer based on multiple redundant processors and standard operating-system
software is announced by Tandem Computers Inc. Dec. 25, p. 97

@ Varactor VHF television tuner developed by Zenith provides reliable performance at low cost.
Jan. 8, p. 36

@ Satellite Business Systems (IBM, Comsat General Corp. and Aetna Life and Casualty Co.) plan
a new end-to-end domestic communications satellite system to become operational by August
1979. AT&T and GTE receive FCC approval to develop a satellite system for long-distance
voice service; first Comstar launched in May. Jan. 8, p. 38

® Texas Instruments Inc. announces a $19.95 five-function, LED, plastic-case watch using a
single 12L chip. Jan. 22, p. 44

@ Utilizing a new quad-siope technique, a 13-bit integrating C-MOS a-d converter from Analog
Devices compensates for drift errors. Feb. 5, p. 25

@ Magazine-style information services via TV tested in Britain using digital information transmitted
on two lines of each blanking period and displayed through a home decoder. Feb. 5, p. 68

@® Commercially available glass fiber for optical communications is sold by Corning Glass Works
for $1 a meter. It is unjacketed, provides 20-MHz bandwidth, and has attenuation of 10 dB per
kilometer. Feb. 19, p. 36

@ First samples of the long-awaited 16-k RAMs enter market; Intel and Tl lead the way, followed
closely by Mostek. Feb. 19, p. 119

@ Low-temperature nitride process that permits hermetic sealing of silicon wafers is developed by
LFE Corp. March 4, p. 40

@ First commercial ROM to hit 32-k level is marketed by Electronic Arrays Inc. March 4, p. 40

@ First maritime communications satellite (Marisat), providing ships with full-time quality commu-
nications, goes up. A second Marisat is launched in June. March 4, p. 42

® RCA’s new 8-bit 1802 microprocessor is built with a faster, smaller C-MOS process called
closed C-MOS logic (C2L). March 18 pp. 35 and 129

@ Zenith unveils an in-line 18-in. color-TV picture tube featuring a tripotential gun, 100° defiection,
and new glass envelope. March 18, p. 39

@ First commercially-available wand for optical-character recognition is announced by Key Tronic
Corp. It can read the standard OCR font, several numeric fonts, hand-printed numerals, and five
hand-printed letters. March 18, 1976, p. 46

@ First commercial power MOSFET, a vertical-channel MOS device that switches 1 ampere in 5
nanoseconds, is developed by Siliconix. March 18, p. 124
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Significant advances in electronics technology reported over the past year in Electronics

APRIL 1976 ® Switching regulators for power supplies go monolithic with advent of a bipolar chip from Texas
instruments. April 15, p. 25 (Silicon General later introduces a version with push-pull capability.
Aug. 5, p. 133)

® New dedicated microprocessors appear aimed at the low-end controller market: Intel begins
sampling the first one-chip microcontroller containing a field-erasable 8-k ROM: TI broadens its
TMS 1000 line with an array of new devices; Rockwell starts production on a 4-bit chip, and
National builds a line of calculator chips for control applications. April 15, p. 74

® Calculator firms aim at nonvolatite memory with MNOS and clocked static C-MOS designs. Aprif
29, p. 75

MAY 1976 @ First of the enhanced 8-bit general-purpose microprocessors appears as Exxon-backed Zilog
Corp. readies its Z-80 device. Tl breaks ground with its TMS 900 full-performance 16-bit
n-channel MOS unit. May 13, p. 25

® Industry’s first RAMs built with 2L burst on the scene. Fairchild is developing a 4-k dynamic
RAM, Tl slates a 4-k static device, and National readies 1-k 35-ns static units. May 13, p. 25

@ All-electronic phones, developed by Bell Northern Research, begin user trials in the Bell Canada
system. May 27, p. 36

® Hardware and software package interfaces Hewlett-Packard minicomputers to the IEEE-488-
standard instrumentation-interface bus. May 27, p. 145

JUNE 1976 @ Three different memory types —C-MOS, MNOS, and p-channel MOS —are used for nonvolatite
performance in National's 7100 all-semiconductor-memory programable scientific calculator.
June 10, p. 29 (The nonvolatile memory in Hewlett-Packard's HP-25C programable calculator
relies on C-MOS chips. June 24, p. 26)

® Japanese develop an ultra-low-loss fiber-optic cable with attenuation of only 0.47 dB/km at a
wavelength of 1.2 umeters. June 10, p. 55

@ First monolithic instrumentation amp with a J-FET front end is made by National with its bi-fet
process. June 10, p. 143 (RCA offers bi-mos op amp. p. 193)

@ Thick-film-hybrid isolation amplifier from Burr-Brown is the first to employ optoelectronic
semiconductors for coupling input and output stages. June 24, p. 144

JULY 1976 ® Fairchild starts production on the industry’s first 65-k CCD memory, giving users a semicon-
ductor alternative to disks in storage application; Tl readies a similar prototype. July 8, p. 32

® FCC issues the first standard specification for plugs and jacks to allow interconnection to
telephone networks. July 22, p. 36

® Bell System finishes six months of successful testing on an experimental fiber-optic phone link
in Atlanta; Teleprompter uses an 800-ft fiber-optic link for CATV in New York. July 22, p. 43

® Using a bi-fet linear process, National Semiconductor introduces the first single-chip sample-
and-hold circuit, breaking the $5 barrier. July 22, p. 44

AUGUST 1976 ® FCC expands class D citizens' band radio service from 23 to 40 channels, effective Jan. 1,
1977. Aug. 5, p. 49

@ General Motors Corp. announces that 1977 Oldsmobile Toronados will use custom 10-bit
microprocessors from Rockwell for ignition timing. Gas mileage is expected to improve 8%.
Aug. 19, p. 43

SEPTEMBER 1976 @ Resident PL/M compiter on Intet Corp.'s Intellec system gives microcomputer designers access
to powerful software techniques. Sept. 2, p. 34

® General Instruments’ new 8-k electrically-alterable read-only memory answers users’ needs for
erasable, nonvolatile semiconductor memories. Sept. 16, p. 40

® A 350-ns, 16-k ROM from Mostek, the industry’s fastest MOS ROM, boosts throughput of
microprocessor systems. Sept. 16, p. 42

® Texas Instruments starts the first commercial bubble-memory production with a 92-k device
aimed at disk and drum storage memory systems. Sept. 30, p. 29
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You Don't Have

To Beg, Borrow
Or Buy...

s 4N -!
Rkt

Rent'em From GE

Short or long-term instrument rentals give and one of them is near you. In addition to
you flexibility and economy maintaining our Rental Inventory, they ca

GE has over 9.000 instruments available for  also repair and calibrate your own eguipment
immediate shipment: aTek Scopes aBiddle Don't borrow someone else’'s GE Rental
Megger Insulation Testers o H-P Signal Catalog. Call collect (518) 372-9900 or your
Generators o Honeywell Oscillographs nearest Sales/Service Center
aComplete Data Systems o Esterline Angus

Recorders o GE Chart Recorders aModems (((Q“iCK‘fQ“ta'@
o Communication Terminals all cahbrated
to the manutacturer's specs Inﬂﬂll‘HQHU

We have over 100 Sales/Service Centers,

GENERAL @3 ELECTRIC

ALA. BIRMINGHAM (205) 925-3101 » ARIZ. PHOENIX (602) 278-8515 or 8516, TUSCON {602) 294-3139 ® CAL. LOS ANGELES (213) 674-7900, SAN FRANCISCO {415) 436-9260 » COL.
DENVER (303) 371-1260 « CONN. SOUTHINGTON (203) 261-4059 @ FLA. JACKSONVILLE (904) 751-0610 ® GA. ATLANTA (404) 458-2231  ILL. CHICAGO (219) 933-4500 @ IND. INDIAN
APOLIS (317) 639-1565 » KY. LOUISVILLE (502) 452-3311 ® LA. NEW ORLEANS (504) 367-6528 « MD. BALTIMORE (301) 837-4500 » MASS. BOSTON (617) 396-9600 Ext. 160, SPRING-
FIELO (413) 781-1111 « MICH. DETROIT (313) 285-6700 Ext. 212 or 209 « MINN. MINNEAPQLIS (612) 522-4396 ® MO. KANSAS CITY (816) 231-4377, ST LOUIS (314) 342-7835 e N_J.
CLIFTON (201) 471-6556 o N.Y. BUFFALO (716} 876-1200, SCHENECTADY {518) 385-2195 N.Y.C. CLIFTON, N.J. (201) 471-6556 « N.C. CHARLOTTE (704) 525-0311  OH. CINCINNATI
(513)874-8512, CLEVELAND (216) 523-6382, TOLEDO (419) 691-3501  OR. PORTLAND (503) 221-5101 @ PA. PHILADELPHIA (609) 424-4450, PITTSBURGH (412) 4627400 ® TEX. DALLAS

{214) 357-7341, HOUSTON (713) 672-3569 » VA. RICHMOND (804) 232-6733 « WASH. SEATTLE (206) 854-0211 @ W.V. CHARLESTON (304) 346-9421 » WISC. MILWAUKEE (414) 744-
0110 »« PUERTO RICO PONCE (809) 843-4225
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New products

IC simulates matched transistor pairs

100 units on die are randomly paired for statistical matching;
technique said to yield improved amplifiers, loggers, multipliers

by Bernard Cole, San Francisco bureau manager

In a departure from traditional tech-
niques, National Semiconductor
Corp. has built what is essentially an
integrated circuit that simulates the
function of a matched transistor
pair. The matching that results from
the device—designated the
LM194/394—is 10 to 60 times
better than present transistor pairs,
according to the company.

An unsung workhorse of the elec-
tronics industries, matched tran-
sistor pairs are used in many dc
biasing jobs such as in instrumenta-
tion and power supplies, as well as in
rf applications. They are usually
made by fabricating two monolithic
npn transistors on the same 600-to-
800-square-mil die and trying to
match their offsets. This approach
has yielded transistor pairs matched
within 0.5 to 3 millivolts.

What National has done with the
LM194/394, says Carl Nelson, ad-
vanced-linear designer, is fabricate
100 npn monolithic transistors onto
a die that is about 2,500 square mils
in area and connect 25 pairs in
parallel with the other 25. “But
rather than attempting to match
offsets,” he says, *“‘the attempt is
made to randomly interconnect the
50 pairs of transistors to take advan-
tage of statistical variations and
random cancellation of offsets.”

Even though any one pair may
have offsets whose match varies
between 0.5 and 3 millivolts, the net
effect for all the 50 pairs is an offset
matching to within 50 microvolts.
“The matching gets closer to zero as
the number of pairs in parallel goes
up,” he says. “More accurately,
matching improves as a direct ratio
of the square root of the number of
transistors.”” A 100-transistor
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matched-pair simulation, Nelson
says, therefore offers a ten-fold
improvement in performance over
standard matched pairs on a die that
is only two to four times larger.

Electrical characteristics of the
LM194/394, such as drift versus
initial offset voltage, noise, and the
exponential relationship of the emit-
ter-base voltage to the collector
current, he says, “closely approach
those of a theoretical transistor.” On
top of the 50-uv matching, offset
voltage drift in dc amplifiers is held
to 0.1 uv/°C (versus 2 uv for most
transistor pairs). The IC circuit has a
minimum current gain of 500, a
current-gain match within 2%, and a
common-mode rejection ratio of 120
to 130 decibels, compared with the
100 dB of conventional matched
pairs.

Another product of the statistical
matching of transistor pairs, he adds,
*“is a device with virtually only theo-
retical noise, enhancing its useful-

ness in ac amplifiers and nonlinear
circuitry.” Most of the parameters
are guaranteed over a current range
of 1 to 10 microamperes and a
collector-base voltage from 0 to 40
V.

To guarantee long-term stability
of matching parameters, internal
clamp diodes have been added across
the emitter-base junction of each
transistor. These prevent<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>