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Scaled for =10V DC output
Operates from =15V supplies
No external adjustments
Hermetically sealed

Output short circuit protected

Units can be altered to operate with
different L-L Voltages or frequency

Specifications

Accuracy: +=1% over temperature range

Input: 11.8V, 400HZ line to line 3 wire
synchro voltage

Output impedance: less than 10 Ohms

Input impedance: 10K minimum line to line

Reference: 26V +10% 400HZ (Unit can be
altered to accommodate 115V if available
at no extra cost)

Operating temperature range: —25°C to
+85°C

Storage temperature range: —55°C to
+100°C

DC power: =15V +1% @ 75ma (approx.)

Case material: High permeability Nicke! Alloy

Welght: 6 Ozs.

Size: 3.6” x 2.5” x 0.6”

There is No Substitute
for Reliability

>olep

GENERAL MAGNETICS, INC.

135 Bloomfield Avenue
Bloomfield, New Jersey 07003
(201) 743-2700

Precision
Analog
Components
for Signal
Manipulation
and Function

Generation

® Radiation Hardened
Analog Multipliers
and Modulators

e Linear DC to
Synchro Converter

@ Sine-Cosine to 3 Wire
Converter

® 3 Wire to Linear
DC Converter

® 3 Wire to Sine-Cosine
Converter

® Sine-Cosine
Generators

® Precision
Modulators

® Precision Analog
Multipliers

® Squaring/Square
Root Modules

® Precision Analog
Divider

® Precision A.C.
Regulators

® Demodulators

@ Transformers

Analog
Computing
Applications

® Trigonometric
Manipulations

® Multiplying
® Dividing
® Squaring
® Modulating

@ Automatic Gain
Controt

® Demodulation
® RMS Computation

® Phase Measurement

o AC Amplitude
Regulation and
Modulation

e Linearizing

® Square Rooting

® Power Measurement
® Ratio Measurement

4 Quadrant Magnetic

Analog
Multiplier

DC x AC = AC Output

#MCM 1351-2

Product Accuracy
is =1/2% of all
readings Over Full
Temperature Range
of -55°C to +125°C

® Product accuracy is specified in %
of reading for all output analog
voltage product points over the full
military temperature range instead
of % of full scale error giving
superior results for small values.

B Linearity, product accuracy, and
zero point virtually unaffected by
temperature changes.

® All units are hermetically sealed and
completely shielded from external
electric or magnetic fields.

Specifications Include:

Transfer equation: E = XY/3

X & Y input signal ranges: 0 to =3V Peak

Maximum static and dynamic product

error: Y2 % of point or 2 MVRMS,
whichever is greater, over entire
temperature range

Input impedance: X = 10K; Y = 10K

Full scale output: 3 VRMS

Minimum load resistance for
full scale output: 2000 ohms

Output impedance: Less than 50 ohms
X input bandwidth:
+0.5db, 0 to 200 hertz
Y input bandwidth:
+0.5db, 20 hertz to 1000 hertz
DC power: 15V unless otherwise
required @ 20 ma

Size: 1.8” x 1.1” x 0.5”

There is No Substitute
for Reliability

Qe
GENERAL MAGNETICS, INC.

135 Bloomfield Avenue
Bloomfield, New Jersey 07003
(201) 743-2700
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Self-Iest Plus
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By adding a Sample and Hold op-
tion to our Self-Test 3490A. we've
made a good DMM even better.
And more accurate. Now. you'll
be equipped to test ramp linearity:
and pulse droop: and hysteresis:
and peak amplitude — all at 0.01%
resolution.

The Sample and Hold operates
in either of two modes: Track and
Hold. triggered from an external in-
put: or Acquire and Hold that ofters
a built-in delay before reading.
You'll find both modes valuable for
testing network performance and
production line testing.

We Put It To Work
At HP, the 3311 A Function Gen-

'll
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SAMPLE /HOLD
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erator was one of the first instru-
ments to benefit from the new
Sample and Hold capability. We
knew the 331 1A offered excep-
tional value for the money — but
we suspected that in some ways it
was even better than we’d claimed.
So we used the 3490A equipped
with Sample and Hold to give us a
much niore accurate measurement
of the 3311 A"s ramp linearity. The
results: lineanty was nearly ten
times better than we'd originally
spec’d it (triangle waveform mode).
And while we were at it. we re-
solved the square wave flatness
within ImV,

So when you talk to our HP field
engineer about the capable new

»”~

RmCToN

Sample and Hold option for the
3490A (base price $1.650*. Sample
and Hold $450* extra). why not ask
him to give you details on the bet-
ter-than-we-thought 3311 A It was
a bargain at $249* —now it's even
more so when you consider the
excellent ramp linearity.

Domestic USA Prices Only

For new standards in digital
voltmeters and signal sources,

think HP.

03%2x'49

HEWLETT hp, PACKARD

xl”

3ales, Service and support in 172 cerfers in 65 countries
alo Alto Caivtorma 94303 Ollices n principal sihes theaughout Tt
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If you now use a scope for spec-
trum display, you should consider
the advantages of our blue box
— the EPC Model 4600 Graphic
Recorder.

The EPC Model 4600 is an XYZ
recorder that prints continuous
hard copy on dry paper over a
display of 19.2 inches. This per-
manent history-plot permits com-
parative data examination and, in
spectrum analysis, reveals spec-
trum lines buried as much as 6
DB below the noise level.

The model 4600 operates at
sweep speeds between Y8 sec-
ond and 8 seconds per scan, and
is completely tape compatible.
Sweep speeds can be varied to
match the dump speeds of the
analyzer data discharge. Up to
300C data points can be pre-
sented with each sweep.

Scale lines are generated by an
internal crystal. The digital drive
mechanism for the scan system
is virtually jitter free.

Please write

complete
specifications.

THE SCOPE

MEETS
THE BLUE BOR

SWEEP RATES
SINGLE SWEEP
SCALE LINES
SWEEP DIRECTION
PRINT DELAY
EVENT MARK
PAPER TYPE
RECORDING WIDTH
PAPER DYNAMIC RANGE
PAPER ADVANCE

INPUT IMPEDANCE
AMPLIFIER GAIN
FREQUENCY RESPONSE

k CONTRAST

INPUT THRESHOLD

~

0.125, 0.25, 0.50, 1.0, 2.0, 4.0 sweeps per second; plus variab!e.\
Available at rates of 1.0 seconds per sweep or greater.

10, 100 or 1000 millisecond intervals.

Left-to-right (right to left can be supplied).

Gate or print from 1 to 4 sweeps.

Manual — internal and remote in or out.

Dry electrosensitive (NKD), 19%” wide by 80’ roll length.
19.2 inches.

23db from white to black.

Variable 50 to 200 lines per inch. Rapid advance provided.
10k ohms; all inputs.

Linear 0-1000.

Flat 1 db from DC to 100KHz; E 2 0.1v.

Print current limiter, adjustable by front panel control.

Adjustable by front panel control.

for

2 Circle 2 onreader service card

EPC LABS INC.

P.O. Box 97

123 Brimbal Avenue
Beverly, Mass. 01915
(617) 927-2523
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COMMUNICATIONS: Spectrum fight shapes up at 900 MHz, 29
INSTRUMENTATION: Matrix recording traps transients, 30
MICROWAVE: Solid-state receivers for X band, 30

Thin-film circulator advances MIC art, 32
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Technical Articles
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Highlights

The cover: Electronics at home, 81

Now that audio equipment has sold the con-
sumer on solid state, home-appliance man-
ufacturers are again eager to try electronic
controls. One problem is getting the price
right. Cover picturing the future is by John
Celardo of King Features.

A third type of TV network, 65

To be tested shortly in four major cities are
networks that combine broadcast, cable,
and closed-circuit television with point-to-
point microwave transmission. But equip-
ment manufacturers are less sanguine
about their future than are license-holders.

Let's pretend we're at sea, 89

At the Naval Underwater Systems Center, a
minicomputer that is the heart of a simu-
lated sonar system sounds out another
minicomputer that models the ocean. This is
the third article in the series, ‘‘Mini-
computers in action.”’

Applications of information theory pay oft, 100
Published 25 years ago in the Bell System
Technical Journal, Claude Shannon's
theory has been clarified and refined to the
point where it is directly affecting the design
of communications systems.

And in the next issue . . .

Communications processors . . . preview
of the National Computer Conference .

a new type of analog-to-digital converter.
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Publisher’s letter

he pervasive quality of elec-

tronics—the way developments in
the electronics industries have an
impact all across society—is exem-
plified in information theory. While
it covers more than just electronics,
that body of thought, first codified
25 years ago by Claude Shannon
(see article on p. 100), had a strong
effect on the way communications
systems were designed. But its all-
encompassing nature gave it an un-
canny application to other fields,
such as cryptology. It was even tried
in such disparate disciplines as psy-
chology, art, and semantics.

Lyman Hardeman, our Commu-
nications and Microwave Editor,
summed up the role Shannon’s
work has played in the quarter cen-
tury since he published his “The
Mathematical theory of Communi-
cations,” a work that was heavily
overshadowed by the announce-
ment of the transistor.

“Shannon gave a mathematical
rigor to what many people already
knew. But their knowledge was in-
tuitive, a seat-of-the-pants ap-
proach. Take Morse Code, for ex-
ample. It uses short codes for often-
used letters, longer code groups for
the seldom-used letters. Thus, fewer
bits of data were needed to transmit
a given message.”

Hardeman likes to describe a
demonstration that Shannon used to
illustrate his concept of “entropy,” a
measure of the number of bits of
data needed to efficiently transmit a
message. As he points out in his ar-
ticle, it would take an average of 4.7
bits of data to convey a single letter
in English—if every letter had an
equal chance of occurring in a word.
But that is not the case, since *“a”
tends to be used much more often

than “z” in normal messages. Ac-

tually, fewer total bits are needed
because of such frequency distribu-
tion and because of context.

“Shannon would ask someone to
open a book and pick a paragraph,”
says Hardeman. “Then, to see how
few yes-no questions—or ‘bits’—were
needed to ‘decode’ the text, he
would ask such limiting questions as
‘Is it in the first half of the alphabet.’
That would pinpoint the first letter
in, at most, five questions. That’s
roughly equal to the 4.7 bits neces-
sary to code the letter.

“In the case of the word ‘Clearly,
the same approach might be used to
define the second letter. But then,
using the facts that a vowel must
come next and that ‘¢’ is the most
used vowel, only one question
would be needed to define the third
letter. The ‘a’ is easy to get, too, on
one or two tries, as is the ‘r” Only a
half-dozen letters can be expected
next and, because the word starts a
paragraph, ‘ly’ is favored. Thus the
word can be “decoded” in only
about 15 questions, an average of
about 2 per letter.”

nd speaking of the pervasive-

ness of electronics, we’d like to
point you in the direction of the spe-
cial report on page 81. There, you’ll
find a round-up on “Electronics in
the Home.” The non-entertainment
applications of electronic around
the house is growing, as electronic
controls appear in more and more
small appliances, ranges, washers,
driers, air conditioners, and security
systems—as we graphically proclaim
ON OUr COVET.
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If you want an automatic
crossover precision voltage
and current stabilizer,
but don’t want a lab-type unit,
look into

PTR

in an OEM-type power supply module.
There are six Kepco PTR models
ranging froma 0-7V, 0-5.5A
unittoa 0-100V,
0-600mA supply

PTR is the no-compromise power supply for the demanding applications. They're
true automatic crossover, 0.001% source effect in voltage mode 0.005% source effect
in current mode, 0.1 mV/0.5 mA ripple. What's more, both modes are fully programmable
by analog or digital control. PTR’s don’t compromise with their temperature rating, either.
You get full output at +71°C with no derating.

Ask your Kepco man for details about the Kepco
automatic crossover PTR module. If you don’t
know who he is, call (212) 461-7000 collect, or
write Dept. EL-14 and we will be glad to direct you g8
to the only automatic crossover modules on the
scene.

KEPRPCQO.,

KEPCO, INC. * 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352  (212) 461-7000 « TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
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If You Need A Power Transformer
Tomorrow - Call Abbott Today

Now Abbott Stocks 60 Hz and 400 Hz Transformers
W ith Output Voltages from 5 to 5000 Volts

Both the 60 Hz and the 400 Hertz transformers are built to meet the
specifications of MIL-T-27C. Long life and reliability are inherent in these
hermetically sealed, ruggedly built power transformers. The 60 Hertz line
comes in eleven power ratings from 5 to 300 watts. The 400 Hz line
comes in six power ratings from 2 to 175 watts. Most all of your power
transformer needs can be found in this line of Abbott transformers.

Input Primary

Insulation
Construction

Environment

Secondary

60 Hertz

115 VAC, 60 Hz = 5 Hz, 1 phase

1750 YAC or 150% of secondary volt.
age (whichever is higher)

TO MIL-T-27C, grade: 4, class: “S”,
life: X" (10,000 hrs.), case: steel

To operate in 105°C maximum ambient
temperature. Encapsulated to meet MIL-
£-5272C and MIL-E-5400H for vibration,
shock, acceleration, sand, dust, humid-
ity, saltspray, fungus, sunshine, rain,
explosion, and altitude (to a vacuum)

From 5 voits to 5000 volts at 32
milliamperes to 20 amperes

400 Hertz

115V, 400 Hz = 20 Hz, 1 phase

2500 VDC or 150% of secondary volt-
age (whichever is higher)

To MIL-T-27C. grade: 5, class: “S”,
Iife: “X" (10,000 hrs.), case: smaller

Encapsulated to meet MIL-E-5272C,
including vibration to Proc. XII, tem-
perature to 105°C, shock, sand, dust,
humidity, saltspray, fungus, sunshine,
rain, explosion, and altitude (to a
vacuum)

From 5 volts to 5000 volts at 14
milliamperes to 35 amperes

A complete description of all of these power transformers together with
their prices is contained in Abbott’s 10 page transformer brochure,
available FREE on request.

Please see pages 618 to 632 of your 1971-72 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott modules. Send for our new 56 page FREE catalog.

abbot: NIFYTIEICIR

LABORATORIES, INCORPORATED

5200 W. Jefferson Blvd./los Angeles 90016
(213) 936-8185 Cable ABTLABS

1224 Anderson Ave. Fort Lee, N.J. 07024
(201) 224-6900 |

6 Circle 6 on reader service card

Readers comment

In and out

To the Editor: The Engineer’s news-
letter is generally interesting and oc-
casionally outstanding. But the last
item on page 122 of the March 15
issue, entitled “How to attack the
TTL-ECL interface,” strongly implies
that Motorola’s MC10124 and
MCI10125 move you in one direc-
tion between ECL and TTL, and
states that Motorola’s MC1067 and
MC1068 take you in the opposite
direction. I would like to point out
that that is only half right.

The MC 10124 and 10125 are
members of the MECL 10K family;
the 10124 takes you from TTL to
ECL, and the 10125 takes you from
ECL to TTL. The MC1067 and 1068
are members of the MECL II fam-
ily, and their logic levels are a few
tens of millivolts different from
those of MECL 10K. As with the
previous pair, one—the 1067—takes
you from TTL to ECL and the other—
the 1068—goes the other way, from
ECL to TTL.

The 1068 and 10124 are not pin-
for-pin, or even functionally,
equivalent as far as logic is con-
cerned. Note also that 5-nanosecond
propagation delay is not guaranteed
for any of the four devices.

Lawrence W. Johnson
Manager

Materials Engineering
Hewlett-Packard Co.
Santa Clara, Calif.

® We want to thank reader Johnson
for clarifying this point. We did, in-
deed, mix up the pairs.

Different specs

To the Editor: Your March 15, 1973
issue (page 170) carried a new prod-
ucts write-up about Cornell Dubi-
lier, concerning our exclusive 4-ter-
minal aluminum electrolytic
capacitor. The article contained one
slight but very significant error.

This particular capacitor’s imped-
ance decreases at frequencies above
10,000 hertz, not 1,000 Hz as stated
in your description.

John R. Reed

Public Relations Manager
Cornell Dubilier Electronics
Newark, N.J.
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Dramatic new
product opportunities...
yours with new 3C8 ferrites

The market is ripe for product breakthroughs. Just look,
for example, at the growth of such items as the hand-
held calculator, small camera flashguns, ultra-mini porta-
ble radios and recorders. The key to these tremendous
sales successes is high frequenzy power conversion
circuits.

And the key to still more efficient, high-frequency pow-
er conversion is Ferroxcube's new 3C8!

This important new ferrite material gives significantly
higher flux densities at higher temperatures, and lower
losses at high excitation levels than any other magnetic
core material. It is available in practical size cores for use
up to kilowatt power levels.

3C8 is already being used with great success in: in-
verters, battery chargers, fluorescent lamp ballasts,

strobe light devices for highway markers and harbor
buoys, power oscillators, power amplifiers, ultrasonic
generators.

In all of these circuits Ferroxcube's 3C8 material has
led to greater efficiency, lower cost, less weight. and
smaller sized units. In one power supply, for examnple,
the size of the core was reduced from 13 Ibs. at 60Hz to
4 Ibs. at 20,000 Hz and the volume from 35 to 9 cu. inches
—savings of 70 to 75%!

Can 3C8 improve your present products or suggest
new products and markets for your company? If you've
got the imagination, we've got the core! Call 914e
246-2811, TWX 510-247-5410 or write today.

Ferroxcube linear ferrites—made in Saugerties, N.Y.
and stocked in seven U. S. locations.

FERROXCUBE corrPORATION. SAUGERTIES. N.Y. 12477

A NORTH AMERICAN PHILIPS COMPANY

T™™  Distributed through North American Philips Electronic Components Corporation with warehouses in Boston, 617+449-1406: New York. 516-538-2300;
Saugerties. 914-246-5861. Phitadelpnia 215:927-6262 Chicago. 312+593-8220: Santa Clara. 408+249-1134. San Diego. 714-4£3-9250
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...including BRIDGE-DOWN and LINE-INTERRUPT

T-BAR Series 5200/5300 Remote Control Monitoring
Switches give fast, reliable connection between
4-wire Telco or 25-wire EIA (RS232) lines and the
user’s monitoring equipment

Series 5200 has a bridge-down-
only function, while Series 5300
includes a line-interrupt and
bridge-down on both sides of the
tine-interrupt point.

The systems include a Switcher,

lighted Pushbutton Control Panel,

Ill)lll'l'll'..._ﬁ

uaolm'

“T-BAR'MONITOR SWITCHING

Control Cable, plus screw-type
Telco interface terminal strips,
in 8- or 16-channel standard
packages for rack, wall or under-
floor installation. Write or phone
today for complete literature and

T-Bar

INCORPORATED

SWITCHING TECHNOLOGY

141 Danbury Road, Wiiton, CT 06897
phone 203/762-8351

Circle 8 on reader service card

40 years ago

From the pages of Electronics, May 1933

The public is now being offered ra-
dio sets at prices all the way from
$12 to $400. Is it any wonder that
the man or woman ready to buy a
set, stands confused by this wide
range of prices? The advertisements
call them all “‘radio sets,” and there
has been little to make clear to the
public the wide difference in the ser-
vice they deliver.

The little “pee-wees,” the cigar-
box models, the midgets, the per-
sonal radio sets, all bring in voice,
speeches, news, etc., distinctly and
understandably, even if (as in a tele-
phone) the full tones are missing. So
let’s classify that whole group of
little sets as “‘speech radios.” And
let’s enthusiastically sell and recom-
mend these little sets—these *“speech
radios” for use where voice and
speech are chiefly to be received.

But if the customer wants to listen
to music—to the great singers, to the
great symphonies, to jazz orchestras,
or to a brass band—then there is no
question that he needs a musical in-
strument, a musical reproducer—a
“music radio” to bring the great
music that is on the air, and which
the broadcasters have spent so
much to transmit.

Most modern of light sources,
gaseous discharge tubes will be
called upon to do their spectacular
best at the World’s Fair Century of
Progress Exposition in Chicago. Ac-
cording to recent estimates, when
the exposition opens formally in
June it is probable that between
75,000 and 100,000 ft. of gaseous
discharge lighting will be in use.

“The technology which produced
radio broadcasting, seems destined
to revolutionize advertising methods
still further, both by providing
wholly new electronic media now as
little known as broadcasting once
was, and by radically revising
present printing methods,” declared
Orestes H. Caldwell, president of
the New York Electrical Society and
editor of Electronics, speaking be-
fore the Advertising Club of New
York City, on the subject “New
Things Up Radio’s Sleeve for Ad-
vertising Men.”

Electronics/May 10, 1973




E .
lectronics/May 10, 1973

.’i / ¢co0!
& 727100 ¢ool
, 100X 0003

§~ ‘oY *"M
19T\ -T2

~
&y
e
S 97

N-M0S P-HOS

emory p nas always gone all
{he wa § on 10 gysiems MS
esult: weé de\'\vered re mono
lithic M€ 1alled operatind
wor\dwd than all ihe other suppliers
put ogether

Ask for the fa We got tne
Facls MS semt ucto memories
cost, P orman reliabitity our proc
ess tech ologt facts On o get
AMS me ory W n you . who 1S
using our emory at ihey k aboul
it. Pr of that we e who! job. from
silicon 10 systems: do W g

We've v all 109 pner, 10 9V
ou betlé this iness, !

\.I-\ Name

7 2
6 g
>' Company )

S e B
3 5
City
< 2

o ‘«,\ 7ip

g ' g
4 el | =
: :
'ADVANCED MEMORY SYSTEMS® ADVANCED MEMORY SYSTEMS

Cclip and mal 1o us

C' Cle 9 [¢] eade service d
vice C
a



qNp
TA
INPORS
[l |
E |, l'l‘ls

Am2¢si2
50 Bl B?— 83

Bo 8,82 8s

100 n- DATA BuS
100 5 l ol o
N OATA 8US
100 . PO e L .‘DAm o

Advanced Micro Devices, Inc., 901 Thompson Place, Sunnyvale, California 94086/TWX 910-339-9280/TLX 346306.
For product or sales information, call the AMD sales representative nearest you. In Sunnyvale, Shel Schumaker at (800) 538-7904
(tolt free from outside California) or (408) 732-2400; in the eastern United States, Steve Marks or Bill Seifert at
(516) 676-4500; in Washington/Baltimore, Ken Smyth at (301) 744-8233; in Mid-America, Chuck Keough at (312) 297-4115;
in the Los Angeles area, Steve Zelencik or Russ Almand at (213) 360-2102 or Larry Strong at (213) 870-9191;
in the United Kingdom, Des Candy at Herne Bay (Kent) 61611; and in Germany, Hermann Lichotka at (0811) 594-680.

Advanced Micro Devices is distributed nationaily by Cramer and Hamilton/Avnet Electronics.
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| Am26512 Quad

A, BUS Tl‘a nscelvel‘. Designed using Schottky clamped
transistors, the Am26S12 has a bus driver current sink capability of 100mA
at 0.8V (maximum) which enables it to drive as many as 200 devices.
Receiver hysteresis provides high noise immunity with noise margins of
greater than 1.0V. The unique terminating scheme of the Am26S12 allows

A 3 each end of the bus to be terminated with a resistor as low as 100 ohms.
H—TJ 3 Threshhotd limits are 1.4 to 2.0V = 0.2V. Also available: The Am26S12A.

Pin-compatible with DM8838. Threshhold timits, 1.2 t0 2.25V + 0.2V.
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It’s a bus driver with the world’s highest drive capability
and a bus receiver with unbelievably high noise immunity
together in a single package.

It’s the speedy new Am26S12 Quad Bus Transceiver.

Yet another step forward in our relentless effort to become
the sixth largest maker of integrated circuits in the

country by 1975.
Advanced Micro Devices Inc.

(We're going to be 6.)



9. No more "latching-up.”
Intersil's new Floating Body
technology eliminates the
problem.

2. No more
channel-to-channel

shorting. Intersil's

new gates guaran-
tee break-before-
make switching.

3. No more costly low-

reliability hybrid construction.

Intersil's new CMOS gates
—— are all monolithic.

12 Electronics/May 10, 1973



Figure 1. A high current path exists
when the negative supply is off and
a negative input signal is present

Under these conditions, latch-up
destruction of the device will occur

Floating Body technology does it.

Up to now, high level CMOS analog gates
had real problems. Worst of all was the “latch-
up” which occurred when a negative signal
came along and the power supplies were off
(Figure 1). At best, the switch just stoped oper-
ating, but all too often the whole IC was de-
stroyed and had to be replaced.

But no more. Intersil's new IH5040 Series
CMOS analog gates utilize a new technology—
the “Floating Body" process—which not only
eliminates latch-up but protects against over-
voltages to =25V without degrading ON resist-
ance. It does this by effectively placing a diode

in series with the body, isolating

the entire device from the
body of the chip

(Figure 2).

or

The IH5040 Series CMOS
analog gates.

These monolithic switches will handle
positive or negative signals greater than 25V
p-p with =15V power supplies. Their ON re-
sistance is as low as 30 ohms, quiescent cur-
rent is less than 50rA, and they can be con-
trolled and switched in 500nS (typ.) from TTL,
DTL, CMOS and PMOS circuitry.

Available in military and commercial tem-
perature ranges, with volume prices of some
models approaching $2.00 per SPST channel,
they are equivalent replacements for many
more expensive hybrid analog gates.

Intersil

_PartNo. Type Ron ~ ReplacesJ
IH5040 SPST 759 New function|
IH5041 Dual SPST 759 DG182A/B
DG200 Dual SPST 70Q DG200
IH5042 SPDT 759 DG188A/B
IH5043 Dual SPDT 759 DG191A/B
IH5044 DPST 75Q New function
IH5045 Dual DPST 759 DG185A/B
1H5046 DPDT 75Q New function
IH5047 4PST 75Q New function
IH5048 Dual SPST 30Q DG181A/B
IH5049 Dual DPST 30Q DG184A/B
IH5050 SPDT 309 DG187A/B
IH5051 Dual SPDT 30Q DG190A/B

Electronics/May 10, 1973

Get ’em here

Intersil stocking distributors. Schweber Elec-
tronics. Semiconductor Specialists. R. V.
Weatherford Co.

Intersil area sales offices. Boston (617) 359-
7188. Chicago (312) 371-1440. Los Angeles
(213) 370-5766. Minneapolis (612) 925-1844.
New York (201) 567-5585. San Diego (714)
278-6053. San Francisco Bay Area (408) 257-
5450.

Overseas representatives., Copenhagen: E.
V. Johanssen A/S. Helsinki: Digelius Electron-
ics Finland OY. London: Tranchant Elec-
tronics (UK) Ltd. Milan: Auriema ltalia SRL.
Munich: Spezial Electronic. Paris: Tranchant
Electronique. Stockholm: Elektroholm. Tel Aviv:
Schweber Electronics. Tokyo: Internix. Zurich:
Laser- & Electronic-Equipment.

U.S. Representatives in all major cities.

Figure 2. Intersil's Floating Body
Process eliminates latch-up with a
diode between the N-channel FET
body and the positive supply.

T
Intersil
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FREE

Engineering
Handbook

from RCL
Electromagnetic
Delay Lines

Including Dual-In-Line
(DIP)
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NEW
73
EDITION
Terms...engineering
definitions... test methods
... how to specify delay lines
...characteristics of various
types...specifications
...they’re all included in
this concise, easy-to-read
handbook...yours for
the asking.
LUMPED CONSTANT ...
DISTRIBUTED CONSTANT
...VARIABLE
all three types are covered

in this reference
handbook.

CL

RCL ELECTRONICS, Inc.,

General Sales Office:

Seven Hundred
South Twenty First Street
lrvington, New Jersey 07111
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Profits and apples: both
concern Quotron's Mohr

If, as Churchill said, recreation is
only a change in worries, Milton E.
Mohr, president of Quotron Corp.,
Los Angeles, is getting plenty of rec-
reation. His avocation is raising ap-
ples; he has 14,000 trees planted
near San Luis Obispo, Calif. Last
year frost wiped out most of the
crop.

Like Quotron, which was Scantlin
Electronics until last month, his ap-
ples now show a lot of promise. But
at Quotron, Mohr has a great deal
more control over the elements than
he does in his orchards. It’s prob-
ably because he’s exercised that
control carefully that Quotron ap-
pears ready to bear fruit.

Mohr, who was president of
Bunker Ramo Corp. before he
joined Scantlin in 1970, feels that
the company will become profitable
this year. Its present business is sup-
plying communications to broker-
age houses, and it’s taken a great
deal of front-end money to get go-
ing. The industry’s confidence in the
company, though, is shown by
heavy investments from Dow Jones,
Dun and Bradstreet, and Rockefel-
ler interests. Quotron has major
contracts from Wheaton and Solo-
mon Brothers for quotes, trading,
and research systems—including
electronic billboard displays—and is
now expanding into other fields.

High on the list is credit checking
for banks and Dun and Bradstreet.
D&B has three systems to process
data, and is adding 95 around the
country, all replacing tedious man-
ual collection systems with com-
puter systems that collect, edit,
store, communicate, and type out
reports.

What it took. Mohr feels that his
major contribution has been in
making the company a going con-
cern by finishing system develop-
ment, building the field force, and
obtaining financing. His main work
is in management, but he sometimes
falls back on his background in elec-
trical engineering (University of Ne-
braska, 1938): “I even get into the
lab occasionally.”

Mohr for the money. Quotron's Mohr
helped firm obtain new financing.

After a stint at Bell Labs, he went
to Hughes Aircraft Co., then to
Ramo Wooldridge, where he man-
aged the computer division (by then
part of TRW). This merged with a di-
vision of Martin Marietta to become
Bunker Ramo, and Mohr became
president in 1966. He left in 1969,
disagreeing with new management
from Amphenol (“There were too
many second-guessers”). While
there, though, Mohr negotiated a
contract for Bunker Ramo to supply
the Nasdaq (National Association of
Security Dealers Automated Quota-
tion) system for over-the-counter
stocks.

With the expected profitability of
the company this year, Mohr can
worry more about his apples. He ex-
pects a good crop this year, but is
still thinking about frost: “We can’t
use smudge pots because of the pol-
lution, and fans are expensive. It
looks like helicopters, which could
fly over when the temperature
drops, may be a good solution.”

In-Line founders are in tune
with photoprocessing trend

A company that started as a part-
time effort some 18 months ago has
recently become its founders’ sole
business concern, and indeed, they
appear in a good position to profit
from semiconductor manufacturers’
growing enthusiasm for automating
their photoprocessing operations.
While Hendrik F. Bok and Eu-
gene R. St. Onge worked together in
the Systems division of EPEC Indus-
tries Inc., New Bedford, Mass., they
saw the need for systems that could
automatically handle cleaning, dry-

Electronics/May 10, 1973
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Sangamo Recorders.
For people who need 32 channels of data.

And people who don’t.

When you tackle a job that calls for 32 channel recording,
you've pretty well got to come to us. We make the Sabre V,
the only IRIG all-band portable tape recorder on the market
with up to 32 channels on one-inch tape.

But not all jobs need the Sabre V., and we want you to
depend on Sangamo anyway. So we also offer the Sabre Iil,
Sabre IV and the Sangamo/Tandberg TIR 100
newest addition to our line.

Sabre Il gives you lab quality and total bandwidth
convertibility in a compact all-band portable.

Sabre IV is our laboratory model that's setting new
standards of accuracy in recording and reproduction.

Both Sabre Hl and IV let you process data up to 2.0 MHz
in the direct mode, 500 KHz in the FM mode, and with full

serial and parallel PCM capability. They feature total
bandwidth convertibility, toa.

The Sangamo-Tandberg TIR 100 does almost everything
you'd expect a $16,000 recorder to do but costs under
$4,500. it features four channels ircluding one for vaice or
data recording, a built-in CRT monitor and a portable size
smaller than a cubic foot.

That's four Sanganmo recorde™s in all. One of them s
bound to do the best possitle job on your data recording job
whatever it is. :

For more information, write:

Sangamo Electric Company, Data Systems,
P.O. Box 3347, Springfield, llinois 62714.
Or call (217) 544-6411/Telex 406-421.

SANGCGAMO RECORDERS

THE INNOVATORS IN TAPE INSTRUMENTATION

Electronics/May 10, 1973
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| ing, etching, and developing. “There

are a lot of different systems avail-
able,” notes Bok, “but you have to
buy the etcher from one company,
the coater from another. To form a
complete line of equipment, a plant
manager needs to buy four or five
{ makes of equipment that aren’t al-

ways compatible.”
The two men joined forces to
| make specialized turnkey photopro-
cessing systems, and In-Line Tech-
| nology Inc. was born in Assonet,
Mass. By now, In-Line has emerged
" lse | from a custom-equipment phase
h ii | with a number of standard items, in-
cluding cleaners, coaters, dryers, de-
| velopers, etchers, wet strippers, and
plasma strippers, all of which are in-
terfaced for either manual or auto-

| matic loading.

Cutting loose. During In-Line’s
first year, Bok and St. Onge kept
their jobs at EPEC, but last October
they were able to buy out EPEC’s
Spray division and devote full time

Types: to In-Line, of which they are sole
Encapsulated WIMA MKS 3 Metallized ?nv;/l?g; Sales this year may reach $1
in cast resin under ?Oorl);ggtzrngagsag i\t/ocrjsc Bok thinks part of their success is
vacuum to eliminate 0022 uF...047 UF. ) a resglllt1 of “thltl:].nmagmaucl))n lto colmt}
. . —— ) up with something new,” but part o
air inclusions. WIMA FKS 3 it is traceable to their backgrounds
) . &

Polyester film and metal foil | also. Bok, 47, founded his first com-
itors for 160 and any in 1954 in his native Nether-

Advantages: capetel | pany i :
2 p 400V d.c.1000pF...01pF. lands. (He still speaks with a Dutch
Small physical size; WIMA FKC 3 accent.() It madepspray coaters, and
high resistance to Polycarbonate film and in 1958 he brought the process with
moisture, favourable metal foil capacitors suitable, him to the U.S. where three years
a. c. characteristics. for frequency divider later he founded another company
Ve : circuits. Close tolerances | With expertisc based on the same
oltage ratings available. 160. 400. 630 process. Joining EPEC in 1967 as a
up to 1000V d.c. and 1000’ vd 'C ’ | vice president, he gained experience
100 pF ... 0.1 UF in coating and first started to build
il i | integrated systems including
i WIMA FKS 2 min. sprayers, dryers, exposure equip-
o s_trlngent Polyester film and metal foil | nr:en){ and dgelo’ ers.p P

requirements i ini ’ :

q . CaPaC“O"S. subminiature, While Bok considers himself a
suitable for very small “concept” engineer, St. Onge, 36, is
equipment. 100 V d. c. a process engineer. One need they
from 100 pF...0.047 yF. | see is for better yields, and they be-

lieve their automatic production

WILHELM lines, which include automatic wafer

Please send for ® WESTERMANN | handling, can help. Since wafers
our latest and plates are untouched through-
catalogue. Spezialfabrik | out production, and the line is so

fur Kondensatoren

Augusta-Anlage 56
~ P.O. Box 2345

D-68 Mannheim 1

Fed. Rep. of Germany

Tel.: (621) 408012

timed that clean plates don’t have to
wait before being coated, dirt-
caused pinholes and other faults are
cut down.
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'UHF demanded 1 GHz FETs.

Signetics D-MOS does it.

FETs? From Signetics?

~

Surprise! Signetics goes
discrete. With the first FETs ever
produced for frequencies above
450 MHz. And everything we've
poured into optimized ICs
for years — ingenuity, pain-
staking research, user-oriented problem solving—
has gone into developing these trouble-shooting
UHF FETSs. All double-diffused MOS devices of the
N-channel enhancement mode type.

Four of them to start. Providing UHF
designers unique performance that bipolar has
never matched for mobile units, marine phones,
TV tuners...and hundreds of similar applications.

Two single-gate D-MOS FETs. SD-200,
unprotected by design. SD-201 with diode protec-
tion against transients. Both offer exceptionally low
gate leakage. Plus unbeatable high-gain, low-noise
figures.

And two dual-gate diode-protected FETS,
that show excelient linearity in cross- and inter-
modulation. SD-300 with AGC capacity, and ultra
low noise SD-301.

CHARACTERISTIC SD-200/201 | SD-300 | SD-301
Gain at 1 GHz 10dB 13dE 14dB
Noise at 1 GHz 4 5dB 8dB 6dB
Fwd. Transconductance (4MHO) 15,000 10,000 | 10,000
Input Capacitance 2.0pF 2.0pF 2 OpF
Qutput Capacitance 1.0pF 1.0pF 0.6pF
Feedback Capacitance 0.13pF 0.02pF | 0.02pF
Drain-to-Source Voltage +30V +30V +30V

Superb cross modula-
tion characteristics at 1 GHz.
Remarkably low input and feed-
back capacitance. Extremely
high transconductance.

f = The lowest noise figures
of any existing s.And
simpler bias schemes. I an

Record-breaking low cost too. Our D-MOS
FETs obviously outperform standard bipolars, hands
down — for less than one-fifth the cost. Under four
bucks in 100-piece quantities, instead of the $20
or $30 you'd expect.

Available now through your distributor in
TO-46 hermetic cans, with four leads. Call for
immediate delivery. Or tune in for the news behind
the news, by sending for complete data sheets,
technical and editorial back-up information, and of
course, our application notes.

Public notice. Be one of the first 100
E ingdiries we receive, and you'll get
the D-MOS FET of your choice

FREE to play around with.

Signetics—D-MOS FETs
811 E. Arques Avenue
Sunnyvale, California 94086

Show me what a great IC supplier is up to in FETs.
Send everything you've got on these discrete devices
(and hopefully my FREE D-MOS FET: #SD-__).

Name
Title

in care of the letterhead address on the sheet of company
stationery | have stapled, glued, clipped or otherwise
appended to this coupon.

Signetics Corporation. A subsidiary of Carning Glass Works

Silnotics

Electronics/May 10, 1973
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Siemens has made
more cradle relays than
anyone in the world.




Whatever your application,
Siemens can offer you the right
cradle relay at the right price.
And in the quantity you require.

In the years since we designed
and built the first cradle relay, we've
produced over 100 million of them. And
we've developed highly automated
mass production and quality control
techniques that have made possible a
new order of product quality and
uniformity at the lowest possible prices.

Siemens cradle relays are UL
listed at no extra cost to you. And they
are freely interchangeable with cradle
relays of other manufacturers.

The Siemens line of cradle relays
includes the industry’s widest variety
of contacts, terminals and mounting
styles. And magnetic latching, hermetic

andsensitiveversions are also available.

Siemens cradle relays are ideal for
circuitry in computer peripherals,
communications, industrial controls,
alarms and signal equipment, medical
electronics and office machines.

While the cradle relay is still the
most popular relay around, Siemens
continues to introduce new designs.
Our latest is a new family of low-profile
PC board relays that we expect will
start another major trend.

Writeorcall us for more information.

Siemens Corporation, 186 Wood
Avenue South, Iselin, N.J. 08830.
(201) 494-1000 Ext. 239.

Electronics/May 10, 1973
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Meetings

1728 Combinations

with $90 worth of
Shelly Multi-Message

Modules.”

Aen:ospace Instrumentation Sym-
posium: ISA, Frontier, Las Vegas
Nev., May 21-23. B

National Aviation S

i ystem Planni
:(ew:lvivl Conference: FAA Waaslllllilrlll;g
on Hilt i ’ ’
ton R on, Washington, D.C., May

Datatron’s Girl Gabby

T

Electronic Com

ponent Show:
RECMF, Olympia, Lo '
May 22_25)" pia, London, England,

EAR GABBY: A math whiz
at our firm bet me he could dis-
play over 1700 different message
combinations for under $100. Im-
possible, isn't it?

WINSOME WAGERER

EAR WINSOME: This time
you lose some- On the 3 Shelly
Multi -Message Modules at the
right you could display 1728 dif-
ferent combinations of phrases,
words, letters, numerals, symbols
or pictures. Anything photograph-
able, for that matter. And you can
choose mixed colors to add more

meaning to the messages.

Take the center module. Any of

the 12 messages shown can be
g screen from

flashed on the viewin

a decimal or BCD input. For $30
lay 12 different mes-
nly $2.50 a message!

odules can be

Conference on Las

¢ er Engi i
and Appllcations: IEEE, OSAg"Il-Ieieilt':)':lg
Washington, D.C., May 30—.’1unc 1. ’

No Place
Like

m
dCI, Junc 4—6.

National Com
puter Confe
" Exposition: A rence and
: AFIPS, N i
seum, June 4-8. ew York Coli-

. S Show.
A . EIA,

Chicago Spri
pring Conferenc

| l;;'oa(}cast apd TV Receivers: fEl;)En
arriott, Chicago, June 11-12. ’

you can disp
sages. That's 0
And the compact ™
mounted in groups to provide
large vocabularies at a fraction of
the cost of CRT terminals, tele-
printers or other expensive inform-
ation displays.
Shelly Multi-Message Displays
give you more usable viewing area
too. Our SRO-90 with a 0.435"

Frequency Control

Symposium:
llif)gg{é I;Alft)lwar'd Johnson’s Motor
12—14‘, antic City, N.J., June

National Cable TV Association An-
Eual Convention: NCTA, Convention
enter, Anaheim, Calif., June

high display has a 20% larger im-

17-20.

age in a 20% smaller housing. An
our 0.7" high SRO-600 is 10%
larger than older types, yet the
housing is 30% smaller.
Before you make any more bets,
better send for Shelly’s Multi-
Message Readout brochure. picture |
s International Symposium on Fault
Tolerant Computing: IEEE, Palc;

shel |g /datatron Alto, Calif., June 20-22.

1562 Reynolds Ave. Santa Ana, Calif. 92711
(714) 540-9330 l

International S i
ymposium
:il;lact;omagnetic Compatibilitoy'-I
, New York Hi .
e Hilton, New York,

Design Automati

on Workshop:
v ACM, IEEE, Sherat !
.‘ e on, Portland, Ore.,

International IEEE G
/AP Symposi
End USNC/URSI Meeting: 1551!_)0 U u:;
olorado, Boulder, Aug. 21—24’1. .

. ,
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New TY-RAP Tool

completes one million ties
every month - o pomie: s

- tion model of this pneumatic hand tool,
TR-225, is continuing its life cycle test ...

1,000,000 cycles per month without a
falter,

This 20 ounce tool ties wire bundles from
1/16” to 4” diameter with just about
every regular and “Slim Line” type
TY-RAP® cable tie. .. 16 sizes in all. It
reduces operator
fatigue...and is
particularly well
suited for close-
up work, break-
out points and ty-
ing in confined
places in equip-
ment.

Our other new production tool, the high
speed TR-300, automatically positions a
TY-EAP tie around bundle, cinches to a
preset tension, locks tie securely and
trims evenly ... all in 8/10 of a second
...and on bundle diameters ranging
from 1/32” to 5/8”.

Write for new catalog. The Thomas &
Betts Co., Elizabeth, New Jersey 07207,
(201) 354-4321. In Canada, Thomas &
Betts Ltd., P.W.

Sold Only Through Authorized T&B Distributors

"T.B|| THOMAS & BETTS

| ENGINEERED
Division of Thomas & Betts Corporation
Circle 21 on reader service card 3



“Augat’s interconnection
system appeared to have more
advantages for use in the |
AN/TPX=-42 A Air Traffic Control
System.

“Our extensive testing
confirmed it.”

Robert A. Mesard, Group Leader
Transportation Systems Division
A LL Division of Cutler Hammer.




““When work began on the AN/TPX-42A, we
started looking for an interconnection system
that offered high reliability and design flexibility;
without sacrificing lower initial costs or low
field maintenance.

“Our program staff ran detailed relia- 4
bility and cost analyses of the four basic inter- Robert A Mesard
connection systems under consideration: PC. boards, multi-layering,
welded wire-stitching, and wire-wrapped plug-in panels.

“The system meeting all of our requirements was wire-wrapped
plug-in panels. We compared several manufacturers of socket panels and
selected the Augat panel based on overall quality, range of products, and
their willingness to respond to our needs.

“Our findings were incorporated into our proposal to the Air Force.
But as the wire-wrapped plug-in panel concept was comparatively
untried in U.S.A.E equipment, they requested additional testing. So we
ran a series of in-depth reliability and stability studies and tests as
part of our systems qualification and reliability demonstration program.

“After 13,200 test hours, we experienced no mechanical failure or

intermittence with the Augat system.

esee T “Electronic Systems Division of U.S.A.E accepted

L » these findings and approved the Augat system.
. ““We now have used substantial production quan-
5, tities of Augat panels without a single contact failure.”
Augat first pioneered the socket-panel concept
in 1965, and the exclusive precision-machined
tapered-entry contact has made Augat the reliability
standard for the plug-in interconnection industry.
A.IL’srecord of not a single contact failure is one
of the reasons why Augat supplies more panels than all
other manufacturers combined. I

As the world’s leading manufacturer of wire- | S9==
wrapped panels and other IC interconnection prod- |
ucts, Augat is ready and willing to help with all your|
interconnection requirements.

Call or write today for free brochure and com-
plete product information. Augat, Inc., 33 Perry
Ave., Attleboro, Massachusetts 02703. Represented
and distributed internationally. Augat C. Socket Panel

Plug into Augat. A.I.L.did.

“‘See us at booth #4931, NEPCON EAST”’ Circle 23 on reader service card

The AN/TPX-42A




Type EJ, the pot
with rotational life

in excess of

1 MILLION CYCLES.

This is the EJ, an extended life ver-
sion of our famous "J" pot. Same de-
pendable performance. Same power
handling capability. Same quality
throughout, but with a tremendous
difference inrotational life. One good
turn after another for more than
1,000,000 cycles (under normal use

EC73-10 1973 Allen-Bradley

Circle 24 on reader service card

within ratings per Publication 5230).
Specify the EJ for electronic organs,
lift trucks, automotive and process
control applications. Hot molded
composition, 2.25 watts. Resistances
from 50 ohms to 5.0 megs. Usable
from —55°C to +120°C. Five stan-
dard tapers. Single or dual sections.

(Y Allen

Actual Size

Request Publication 5230. Allen-
Bradley Electronics Division, 1201
South Second Street, Milwaukee,
Wisconsin 53204. Export: Bloom-
field, New Jersey 07003. Canada:
Allen-Bradley Canada Limited, Cam-
bridge, Ontario. United Kingdom:
Jarrow, County Durham NE32 3EN.
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Solitron drops 74C
as Gl debuts
with 4000 series

Fairchild wins
Navy award
for CCD work

Westinghouse tube
stores halftones
and alphanumerics

Monolithic IC contains
Hall-effect sensor

Electronics/May 10, 1973

Electronics newsletter

National Semiconductor’s 54C/74C, the complementary MOS family
that’s pin-to-pin compatible with the widely used 54/74 transistor-tran-
sistor-logic line, has lost more ground to the rival 4000 series. Solitron
Devices, which last year announced a number of 74C functions, has
quietly canceled them because of demand for RCA’s more popular 4000
series. Motorola Semiconductor is also sticking with 4000.

At the same time, General Instrument has decided to enter the C-
MOS market with a quad bilateral switch similar to RCA’s 4016. It will
be available this month. Ed Kramer, a product marketing manager in
GI's Semiconductor Components division, says GI will announce eight
4000-type C-MOS products by the end of the year.

But National appears to be unfazed. The company, which started
slowly with 74C, says it now has a complete line of functions with TTL
output and is still determined to make 74C its standard C-MOS product
line. One reason: most designers, National says, are familiar with TTL
and would tend to favor the compatibility of 74C. A big question,
though, has been whether or not Texas Instruments will build 74C; a
spokesman says flatly, “TI has no plans to introduce commercial 74C
CMOS.”

Nosing out Texas Instruments and RCA, Fairchild Camera & Instru-
ment has won an $800,000-plus phase 2 award for further development of
charge-coupled devices. Earlier, Fairchild had built for the contractor,
the Naval Electronics Systems Command, a 500-element linear imag-
ing array and a 100-by-100 area-imaging array, as well as a 100-by-100
CCD television camera [Electronics, Feb. 15, p. 31].

The nine-month phase 2 program calls for prototype cameras fabri-
cated from still larger arrays, with emphasis on perfecting anti-bloom-
ing and on-chip amplification techniques. Eventually, the program
aims to develop triservice low-light-level cameras.

Westinghouse is about to test an experimental scan-converter storage
tube, which is binary-addressable, for turning digital data into either
alphanumeric or halftone displays. The tube stores information as
charges on a mesa target. This is done after a collimated beam of elec-
trons floods through a 512-by-512 array of 1-mil-diameter holes drilled
in three aligned pairs of silicon plates, each 3 inches in diameter.
Charge patterns on the plates, in effect, close selected holes. The tech-
nique is similar to that used in the digitizer stack of Northrop Corp.’s
direct-view Digisplay tube [Electronics, June 21, 1971, p. 30].

To read out the information, the target is scanned with an electron
beam as in an ordinary vidicon camera. All of the more than a quarter-
million elements are individually addressable. The Army Electronics
Command at Ft. Monmouth, N.J., is sponsoring the work. Video-
frequency range of the tube is 0 to 10 megahertz.

Monolithic integrated circuits containing silicon Hall-effect sensors are
being made by Interdesign Inc., of Sunnyvale, Calif. Hans Camenzind,
president, says the devices will compete with electromagnetic proximity
switches in machine tools and other industrial control systems. The sen-
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In dense Ampex
array, cores
rub together

Laser lines up
sender, receiver
for communications

Addenda

Electronics newsletter

sor is part of an uncommitted array that also contains some 30 pnp and
npn transistors and a variety of diffused resistors. Called a Monochip,
the array is converted to custom analog, digital, or analog-digital con-
trol circuits with custom metalization patterns.

While the silicon Hall platelet is much less sensitive than the inter-
metallic ones used in tape readers [Electronics,, Feb. 1, p. 91}, it gener-
ates 50 millivolts in a field of less than 2 kilogauss. That allows the
tiniest magnets made for industrial controls to actuate the circuit, and if
more powerful outputs are required, the 50 millivolts can be amplified
on the chip.

Ampex Corp.’s Computer Products division, Marina del Rey, Calif., is
reported to be developing a new ferrite-core-memory array so dense
that the cores are literally rubbing against one another. The fully popu-
lated result of this design, which is a step up from the company’s her-
ringbone pattern [Electronics, Nov. 9, 1970, p. 119], looks like a thick
film; the individual cores are not distinguishable to the naked eye.

In the array, conventional 18-mil cores are stacked on edge and es-
sentially in contact, but staggered at a 40" angle instead of the usual 45°.
A single wire passes through one row of cores at the steep angle and
two wires through a row at right angles to the first at the shallower
angle, for a 2/2-dimensional system organization.

A major limitation of mobile laser communications—keeping both ends
of the path aligned—appears to have been overcome by a new stabi-
lized laser transceiver. Developed by American Laser Systems of Santa
Barbara, Calif., the unit can be hand-held on rolling ships, moving cars,
and speeding helicopters.

American Laser has combined a stabilized telescope with a small
diode laser transmitter and receiver to form a 5-pound device about the
size of a home movie camera with a 15- to 20-mile range. It operates
from rechargeable D cells, drawing one-third the current of a standard
flashlight. To use it, the operator just roughly sights in the target
through a 10-power telescope, then talks. Both the U.S. Navy and po-
lice departments are interested in the device for secure communi-
cations.

The Bell System has announced the first availability outside AT&T of a
new teleprinter unit called Dataspeed 40. The unit, developed by Tele-
type Corp., will be the first Bell System offering with a cathode-ray-
tube display and is another step toward having one vendor provide “end-
to-end” service. . . . Siemens AG of West Germany has awarded a con-
tract to a small three-year-old New Jersey firm for an $855,000 auto-
mated test system for pc boards. More than a dozen of the systems,
called System 390 by Instrumentation Engineering of Franklin Lakes,
N.J., have been sold to RCA, Raytheon, Xerox, ITT-Europe, and the
Navy. . .. Production of mated-film memory modules is being
doubled at the Federal Systems division of Univac in St. Paul, Minn.
The bulk of past production has been for Univac’s 1830 aerospace
computer—but the company is rumored to be preparing to change from
ferrite cores to mated film in its AN/UYK-7 computer for Navy ships,
and the change will absorb some of the increased production.
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100 WAYS TO GET MORE INDUSTRIAL

SWITCHING PERFORMANCE
FOR YOUR MONEY

Unitrode’'s UPT Power Switching Transistor series offers
the optimum combinations of price and performance from
0.5A to 20A, and up to 400V in 3 package types. Choose
from 100 different transistor types for more efficient and
simplified circuit design in power supplies, switching regu-
lators, inverters, converters, solenoids, stepper motors
and other inductive load driving applications. Thay're avail-
aple off-the-shelf from your local Unitrode distributor or

representative. For the one closest to you, dial (800)
645-9200 toll free, or in N.Y. State (516) 294-0990 collect.

For immediate action on any specific problem, call Sales
Engineering collect at (617) 926-0404, Unitrode Corporation,
Department 5Y, 580 Pleasant Street, Watertown,
Massachusetts 02172.

For specific data sheets containing full characterization
of devices check the table/coupon below.

Unitrode Corporation Dept. 5Y , 580 Pieasant St., Watertown, Mass. 02172
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When a power company

needed SCR’s fast,
GE delivered-- overnight.

Last April, the exciter on a generator for Public
Service Company of New Mexico failed, taking

22 GE high current silicon rectifier stacks out with
it. And 75 MW of power away from Albuquerque. §

Public Service contacted the exciter’s manu-
facturer, Fixing it was no problem, they
learned, but new rectifiers might take a
couple of weeks to get. They’d been
custom-built for that one exciter.

But two weeks was far too long for
Public Service to wait. So they
called GE direct. They got in touch
with Carolen Quinn, a Sales Assis-
tant in the Electronic Components
Sales Department.

Immediately Carolen went to work to
get those SCR’s, Her first move was to
call GE’s SCR plant in Auburn, New

York.

Carolen explained the problem and
how critical those rectifiers were.
The Auburn plant then went to
work for the customer. People
were put on overtime. Produc-
tion was expedited.

Next day GE had all 22 completed and
air freighted to Albuquerque. Public Service

got them installed, the generator back on line,
and the system back up to normal.

GE people like Carolen Quinn want to
keep our customers satisfied. Custom-
ers like you. Because good business
for us is being good for you to do
business with. 690-15

OUR NC. 1 GOA /2
TO MAKE
GENERAL ELECTRIC sﬁ“
YOUR BEST BUY o A

GE won’t leave you alone.

GENERAL @D ELECTRIC
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Significant developments in technology and business

Further controversy
shaping up over
900-MHz allocations

AT&T, Motorola are the
chief antagonists

as equipment makers
and users face FCC

Should 75 out of the 115 megahertz
allocated for land-mobile radio ser-
vice in the controversial 900-MHz re-
gion belong to AT&T? That lingering
question is the official frame for two
days of what is expected to be
heated argument. On May 14 and
15, the Federal Communications
Commission will hear contesting in-
terests on how the spectrum should
be divided and used.

The real issue—how much of the
booming market AT&T is entitled
to—pits the communications giant
against a leading equipment maker,
Motorola—along with General Elec-
tric, RCA, and smaller manufac-
turers—with a host of land-mobile
operators and users also worried
about how the 900-MHz portion of
the spectrum will be split up. At
stake is who will design the systems
and make the equipment.

Under relentless pressure from ra-
dio land-mobile interests contesting
AT&T’s lion’s share, the FCC is near-
ing the end of a year’s study over
how to divide the precious spec-
trum. Two years ago, it gave AT&T
and other wire-line common carriers
the 75-MHz region from 806 MHz to
881 MHz as a step toward develop-
ing a nationwide, broadband, com-
mon-carrier mobile service. It gave
the remaining 40 MHz (881-902 MHz
and 928-947 MHz) to the private
land-mobile radio users. Last year,
it removed the “wire-line” restric-
tion on AT&T’s allocation, a Solo-
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mon-like decision that, in effect, still
left the band to AT&T.

Gut issues. Although the verbal
battle between AT&T and the equip-
ment makers will involve such ques-
tions as efficient spectrum use, sys-
tem design, and the public interest,
it is based also on bread-and-butter
issues. AT&T says there are two key
issues: whether or not common car-
riers should be given exclusive use
of that 75 MHz for a nationwide sys-
tem, and whether dispatch-type ser-
vice should be provided separately.
Ma Bell claims that it needs the
whole 75 MHz for telephone service
in order to provide efficient service
with room for future expansion.

Inherent in AT&T’s arguments are

The users speak

Most of the witnesses at the two-
day presentations aren't equip-
ment makers. They'll be repre-
sentatives of public-safety, tran-
sit, dispatch, and health-user
associations. They, although
having no business interest, are
concerned that they have a
choice among competing sys-
tems, says George Petrutsas, as-
sistant chief of the FCC's Indus-
trial and Public Safety Rules
division. Other issues of FCC in-
terest include whether the na-
tional network envisioned by
AT&T is really needed and what
technical standards it needs.

The FCC doesn't have to make
a big decision now, but it has to
redress the allocation to meet
the market realities, contends
Motorola's William Drake. Chan-
ces are quite good, though, that
the commission will make a final
policy statement this summer.

the propositions that only it can pro-
vide the expertise and economies of
scale to implement a nationwide
system. But, apparently to placate
equipment makers, AT&T says it ex-
pects all equipment manufacturing
to be done outside its manufac-
turing arm, Western Electric.

The equipment makers argue that
AT&T, being big enough already,
could easily monopolize the market-
place with the 75-MHz share. And
since it doesn’t need the whole 75
MHz, it should get only 30 MHz at
the most. “It’s not fair competition
to put such services under the aegis
of a regulated common carrier,”
says Motorola vice president Wil-
liam C. Drake. AT&T however, will
probably contend that eventually it
can make good use of the 75 MHz.

Fear monopoly. Motorola, which
says it will still sell equipment, no
matter what, claims that a virtual
AT&T monopoly will hamper its
ability to compete worldwide and
hinder its efforts to build communi-
cations networks overseas. Another
fear is that if AT&T standardizes
equipment, U.S. companies could
be underbid by foreign manufac-
turers, especially the Japanese.

The current allocation doesn’t re-
flect the balance between the two
markets of telephone and radio dis-
patch, contends Glenn R. Petersen,
general manager of the mobile-ra-
dio department of GE’'s Communi-
cations System division, Lynchburg,
Va. He will testify for the Electronic
Industries Association along with an
RCA representative. “Everyone, in-
cluding AT&T, recognizes that the
mobile telephone market isn’t that
large right now.” He says EIA will
repeat its recommendation that the
spectrum be split approximately
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into four parts: public-message mo-
bile telephone, user-operated pri-
vate dispatch, ntultiple-user private
dispatch, and a reserved portion to
handle future needs. O

Instrumentation

Matrix recording
traps transients

Researchers are often interested in
analyzing single transient signals
that are of extremely short duration,
such as phenomena that occur in a
nuclear explosion. To capture such
fleeting transients with accuracies of
a nanosecond or better, scientists at
Lawrence Livermore Laboratory,
Livermore, Calif.,, have developed
an unusual technique, which they
call magnetic matrix recording.

The technique essentially “draws
a picture” of the transient signal in a
rectangular array of thin-film

memory elements. This “picture”
corresponds to the familiar oscillo-
scope trace and the area under it.
All thin-film memory elements are
magnetically anisotropic—that is,
they have an easy axis and a hard
axis of magnetization. Along the
easy axis they are readily magne-
tized in either direction, in binary
ones and zeros, but along the hard
axis their magnetism can be main-
tained only by an external field.

At the start of the experiment, all
the elements in the array are mag-
netized along the hard axis by word
currents along wires in the vertical
direction through the array. In addi-
tion, bias currents pass along wires
in the horizontal direction, decreas-
ing from most positive bias near the
bottom of the array to least positive
toward the top. The bias currents tilt
the magnetization vector to one side
or the other of the hard axis.

Dominoes. The signal to be re-
corded is represented by a current
pulse, which is added to the individ-
ual horizontal bias currents. As the

Magnetic matrix. Recording in matrix (top right) shows waveform imposed on previous all-
zero pattern (top left). In the matrix itself (bottom), which is actually a 32-by-38 array, signal
added to the bias current either sets memory element (at matrix intersection) to one or allows
it to go to zero when word currents in vertical lines turn off.
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signal begins, the vertical word cur-
rents are turned off in rapid-fire or-
der, rather like a row of falling do-
minoes. The intervals between
successive turn-offs equal the de-
sired resolution for the recorded sig-
nal.

When any particular word cur-
rent turns off, every element in that
column is exposed to a combination
of bias and signal currents that
cause the elements near the bottom
of the array to assume the one state
(the magnetization vector falls into
the easy axis in the one direction)
and those near the top to assume
the zero state (the vector falls the
other way). The number of elements
acquiring the one state depends on
the strength of the signal current at
the moment the word current turns
off. The result, after the signal has
ended, is a pattern of ones in the ar-
ray that forms a picture of the sig-
nal.

The technique has been imple-
mented with a mated-film memory
from the Federal Systems division
of Sperry Univac, under a contract
from EG&G Inc., which built the
measurement system for Livermore.
Univac has been building the
mated-film memories for several
years for use in various military and
aerospace computers [Electronics,
April 1, 1968, p. 31]. However, the
elements used in the magnetic
matrix recorder were specially de-
signed for uniformity and low dis-
persion—parameters that, although
important in thin-film computer
memories, sometimes are subordi-
nated to compactness, low cost,
yield, and other factors in commer-
cial design. 0

Microwave

Solid-state receivers
for X and Ku bands

In hopes of developing a commer-
cial product line, Watkins-Johnson
Co., Palo Alto, Calif., last month be-
gan designing X-band and Ku-band
solid-state microwave receivers. Al-
though integrated receivers oper-
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ating in these microwave bands are
being developed for military sys-
tems, none is yet available commer-
cially, says Richard I. Disman, man-
ager of W-J's microwave IC
department.

Disman thinks it will be possible
to develop low-cost narrowband
“front ends™ with new gallium-arse-
nide. field-effect transistors. The tar-
get cost of about $500 would be
about a quarter that of traveling-
wave-tube X-band and Ku-band
(7-18-gigahertz) receivers. He says
some of the GaAs FETs being devel-
oped by Hewlett-Packard Co. and
Fairchild’s Microwave and Opto-
electronics division look as if they
will prove suitable.

A $500 front end, Disman notes,
would make it economically prac-
tical for underdeveloped countries
such as India to put educational
television classrooms in remote vil-
lages, beaming programs from a sat-
ellite to microwave receivers in tele-
vision sets. Other potentially high-
volume commercial applications for
solid-state receivers include short-
range digital communications links,
cable television, and aircraft instru-
ment-landing-system (ILS) receivers.
The closest Watkins-Johnson comes
now to a commercial line of micro-
wave ICs are amplifiers used at fre-
quencies to 4.2 GHz in communi-
cations satellite ground stations. The
company also produces military ICs
operating to 6.4 GHz.

Fallout. To get the project rolling,
Disman’s department will first de-
velop an integrated front end oper-
ating at 9.2 to 9.8 GHz for an undis-
closed military customer. Disman
says that one of the reasons the two-
year contract was accepted was the
prospect of being able to adapt the
military design for commercial ap-
plications.

GaAs FETs will be used in two
stages—the radio-frequency ampli-
fier and the oscillator. The oscillator
will be tuned by a varactor diode,
controlled through a circuit that will
convert an exponential tuning
sweep to a linear control voltage.
Disman says bipolar transistors, al-
though preferred at lower fre-
quencies, were ruled out of the rf
amplifier because of the noise prob-
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Remote terminals in restaurants link

highway traveler to home or office

A businessman traveling alone on a
highway often has no convenient
way of receiving important mes-
sages from family o7 office. But the
Stuckey restaurant chair of Pet Inc.
has a new application of remote-
data-terminal technology that brings
traveler and home base together.
The computerized service is called
Helps, for Highway Emergency Lo-
cating Paging Service, and allows a
motorist to receive rnessages in any
of Stuckey's 350 restaurants across
the country.

The system is composed of a
message center at Stuckey head-
quarters in Eastman, Ga., and termi-
nals in each store. The center is
equipped with a Burrcughs 3500
digital computer system that stores
telephone messages urtil they are
retrieved by the traveler. Messages
are held until they have been trans-
mitted twice or for a maximum of
120 hours.

The terminal is made by Digi-Log
Systems Inc., Willow Grove, Pa.,
and combines a cathode-ray tube
and 12-key numeric keyboard. The
traveler enters his home or office

lems they present beyond 6 GHz.
Gunn diodes were rejected for the
oscillator because they draw too
much power and are not efficient
enough for X-band ICs.

The two new stages will be inte-
grated with a mixer already made
by w-J’s Relcom division, a conven-
tional 400-megahertz transistor am-
plifier, and a bandpass input filter,
to complete the solid-state front
end. Disman notes that TWTs would

phone number at the terminal key-
board to receive the message sent
for him. A network of privately
leased linss links the terminals with
the central processor.

First ‘nstallations were made in
April, and the entire system, cov-
ering 41 states, will be completed
by September. The service is free to
travelers, except for the initial mes-
sage that must be phoned to Stu-
ckey's headquarters. A company
spokesman says that FCC regu-
lations naw permit only phone num-
bers to pe sert and received on the
system, so that the only message a
motorist will receive is to call a cer-
tain number.

The message is held on the termi-
nal until a clear button is pressed.
The clear buiton is also used to
clear an incorrect entry. The com-
puter will send all messages placed
in the computer and, if a message
has been previously relayed, this
will be indicated on the screen. A
‘‘no message’’ is transmitted if no
ore is trying o reach the motorist,
and an error message is displayed
in the event of faulty transmission.

still be required for broad-band am-
plifiers at X and Ku bands because
input matching problems limit
GaAs-FET amplifiers to narrowband
designs.

Bipolar amplifiers, which handle
an octave frequency range, have
largely displaced tubes in lower-fre-
quency microwave receivers during
the past four years, Disman says.
The major exception is in appli-
cations where the rf amplifier might
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be subjected to high-power bursts of
rf energy from nearby transmitters.
Tubes can withstand bursts around
a kilowatt that would burn out inte-
grated front ends. O

Thin-film circulator
advances MIC art

Microwave ICs are ICs apart from
others. They’re often much like min-
iature low-frequency hybrids be-
cause some functions necessary at
microwave frequencies simply can’t
be made successfully by using diffu-
sion techniques. One of these is the
ferrite circulator.

Available circulators have been
something of a limit to the size and
performance of MICs. They usually
have been strip-transmission-line
devices, restricted in frequency
sometimes to the uhf band. They
also have been large relative to the
rest of the circuit, and often had to
be outboarded.

Now Bell Telephone Laboratory
research scientist Reinhard H.
Knerr has developed a lumped-con-
stant, thin-film circulator that prom-
ises to boost the MIC state of the art.
Knerr’s circulator is not only just a
tenth of the size of stripline devices
but its performance is said to be bet-
ter as well. Far from being limited
in frequency, it may be the first of a
series of devices good for operation
well beyond 10 gigahertz. Also, the
devices show promise of batch pro-
ducability.

Tiny. Having designed successful
circulators at L band, Knerr aimed
this time for the range between 4
and 5 GHz. The result is a round
sandwich composed of ferrite mate-
rial, a conductive layer, a dielectric,
and a ground plane, with the whole
a mere 0.175 inch across, and at its
junction only 0.075 inch in diame-
ter. The whole substrate is only
about 0.025 inch thick, and thus
Knerr feels that batch-processed cir-
culators could easily be dropped
into holes in MICs in somewhat the
same way beam-lead devices are in-
stalled in lower-frequency circuits.
Knerr found his device was far from
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limited to its 4-to-5-GHz design
range. Instead, the circulator could
be tuned magnetically to operate at
frequencies as high as 7 GHz, main-
taining a 10% bandwidth.

Importantly, insertion loss, at
only 0.5 to | decibel, is lower than
that of many circulators—and the
figure includes losses caused by the
test fixtures, which made up at least
20% of the total. Losses in real cir-
cuits would be far lower.

Knerr figures that it should be
possible to scale up the design run
well into X band, although its small
junction diameter of 0.04 inch might
require careful handling. But as
soon as the circulators come out of
the Allentown, Pa., lab—Knerr is
now busy “optimizing” what al-
ready appears to be good perform-
ance— users will have circulators of
a size matched to microwave semi-
conductors. And the result can only
be a lift for MIC applications. O

_ Computer-aided design

Nationwide network
handles pc boards

Automated drafting systems, al-
though very productive, are expen-
sive and therefore not widely avail-
able, except at large companies. But
a new dial-up nationwide network
may change that. It opens an exten-
sive library of drafting and circuit
design programs to anyone with a
teletypewriter. For most prospective

users, however, a remote job-entry
terminal with plotter would be more
desirable and would offer very fast
turnaround. This contrasts with the
usual requirement for a dedicated
drafting system plus access to a
large computer with specialized
drafting software.

The system, set up by ADREC Inc.,
Sherman Oaks, Calif., has access to
an 1BM 370/158 computer and is ac-
quiring and adapting existing auto-
mated programs already proven in
the field. Much of the drafting is for
civil engineering, but ADREC offers
two programs of special interest to
the electronics profession. One
draws finished schematic diagrams
from rough sketches; the other is a
powerful program that prepares
printed-circuit-board layouts from
logic net lists or from logic equa-
tions. Other programs will be
added.

Tied to 370. ADREC’s network is
the brainchild of A.T. Materna, the
company’s president. He has ar-
ranged for use of the large computer
installation at System Development
Corp., in Santa Monica, Calif. This
arrangement permits SDC to more
fully utilize its expensive installa-
tion, while providing the drafting
network access to the powerful com-
puters needed.

Although teletyped input, with
mailed plots, is possible, local draw-
ing output is especially attractive
because it permits turnaround in as
little as 15 minutes. ADREC has
agreements with two plotter firms,
California Computer Products and
Xynetics Inc., for suitable terminals.

Gaining access. Xynetics remote job-entry system is one that permits communication with
ADREC's national drafting library. Output is produced on the plotter.
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'New.DATELSYSTEMS
a breakthrough in

price/performance

16 bit D/A Gonverter

Single
Quantity

Datel System's growth is based on breakthroughs. We make it our
business to produce products that are a combination of increased reliability,
with more sophistication, smaller in size, yet lower in cost.

If you're at the IEEE Show, come to Booth 2609 and we'll show you

some of the things we're proud
of. If you miss the Show, call our r" ML
b,

nearest representative or write
us for complete details.

SYSTEMS, INC.

1020 TURNPIKE STREET, CANTON, MASSACHUSETTS 02021 . TEL. (617) 828-6395
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Features

¢ High Resolution — one part in 65,535

® Programmable Voltage Output — O to
+10V, to 10V, or =5V®@

e Programmable Current Output — 0 to
+2.0mAor =1mA

¢ Binary and Four Digit BCD

Coded Models

150 jwvolt or 30 nA Output Resolution

5 MHz update Rate

750 nsec Output Settling Time

Thin Film Stability

Includes Reference Source

and Output Amplifier

TTL Compatible Inputs

e 2”Lx 2”w x .375"h Total Size

() Four Digit BCD Model ~ one part in 10.000
21 Qutput Current - +5mA

TWX: 710-348-0135 . Telex: 924461
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Xynetics’ typical smart terminal in-
cludes a card reader, central proces-
sor, line printer, cathode-ray-tube
console, and the company’s model
1100 high-speed flatbed plotter.
This installation leases for about
$2,500 a month, little different from
the lease cost of a stand-alone draft-
ing system without large computer,
and obviously less expensive than
the salaries for draftsmen.

To operate the system, the user
enters the 370 by means of cards

over dial-up telephone lines. The
drawing layout is finished in a few
minutes, then stored until called for,
when it is plotted on-line at the local
installation. Materna says that
speeds of 15 to 20 inches per second,
the limit of a drafting machine, are
possible over regular lines.

He adds that his company is
charging less for the service than
normal service bureau charges just
for computer time, and is able to ab-
sorb distant telephone costs. O

Thin-film and silicon technologies
merged in developmental devices

A promising push toward active
thin-film devices a decade ago gave
way to the more reliable silicon
semiconductor technology, even
though the latter requires the ex-
pensive processes of single-crystal
and epitaxial growth. Now, scien-
tists at Johns Hopkins University’s
Applied Physics Laboratory, Silver
Spring, Md., have developed a tech-
nique that combines the two ap-
proaches to yield circuitry with the
geometric freedom of thin films and
the quality of silicon technology.
The long-sought technique con-
verts pure amorphous silicon thin
films on silica-glass substrates to
crystalline films to produce pn junc-
tion diodes and field-effect transis-
tors. So contend Charles Feldman,
head of the solid-state research
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group, and Richard Plachy, project
supervisor in the microelectronics
group, in a paper at the IEEE Elect-
ron Device Techniques conference,
May 2, in New York. While reluc-
tant to call the technique a break-
through, Feldman says “it’s the first
time that polycrystalline silicon
films on insulating glass substrates
have been successfully processed
into practical devices.”

One advantage is that silica-glass
substrates of any size may be used.
Because circuits won’t need to be
fabricated from slices of single crys-
tals 2 to 4 inches in diameter, de-
vices such as resistors and inductors
that need larger areas become prac-
tical. The technique also promises
economical production and gives
greater electrical isolation than sili-
con alone.

Discovery. New instrumentation
proved to be the key. What hung up
thin-film researchers before, Feld-
man says, was that they weren’t able
to assure the purity of the films nor
could they tell whether impurities
were from the film or the production
process. He turned to new sput-
tered-ion-source mass spectrometry
to solve the problem. The ion micro-
probe sweeps the surface of the film
with a beam of argon ions, sputter-
ing off everything on the surface,

Sample. Amorphous thin-film test pattern.
Diodes and FETs have been made.

and the stray matter is sent on to a
mass spectrometer for analysis.

Using “this powerful tool,” Feld-
man was able to find the impurities
and work backwards to eliminate
them in production and get film
“the same purity as bulk, or near it.”
The next stage was to add the impu-
rities needed to make successful pn
junctions, “and the whole thing fell
into place,” he says. The extremely
pure amorphous silicon films on
glass substrates can be crystallized
during device fabrication.

The amorphous samples are ob-
tained by melting silicon with elect-
ron beams in a molybdenum-lined
stainless-steel crucible and depos-
iting it on the fused silica substrates.
Electrical test data on his film com-
pare favorably with those of bulk
silicon.

The pure film can go through
standard processes of oxidation,
etching and diffusion. To produce n-
type or p-type material, samples
may be crystallized directly in
a diffusion furnace where either
phosphorous or boron dopants can
be introduced into the film simul-
tancously. Thin-film transistors fab-
ricated years ago from vacuum-
deposited germanium, tellurium,
cadmium sulphide and cadmium
selenide lacked the versatility and
stability to compete with silicon
technology, Feldman notes.

Before the technique is ready for
production, much more needs to be
done, Feldman says, such as deter-
mination of optimum processing
times and temperatures for films,
compared with wafers and diffusion
contrasts in polycrystalline evapo-
rated films.

Computers control
L. A. freeway signs

In Los Angeles, undisputed freeway
capital of the world, public pressure
has halted miles of new road con-
struction, forcing highway engineers
to turn their talents to making better
use of existing routes. Latest in their
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We've developed
more than 50 custom ICs
in the last 18 months

More than 50 times in the last 18 months, customers have
brought us IC problems that couldn’t be solved with stand-
ard circuits. In every case we’ve developed a custom circuit
that filled the bill. Our circuits are now in TV sets, watches
and clocks, electronic organs, calculators, automobiles, of-
fice copiers and a host of other applications. We've delivered
samples in as little as 8 weeks ARQO; few problems have
required more than 20 weeks to solution. Shouldn’t a semi-
conductor company with a record like that get a shot at your
custom circuit requirement?

We're doers, not talkers!
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ITT Semiconductors is a division of International Telephone and Telegraph Corporation, 3301 Electronics Way, West Palm Beach, Florida 33407. Phone 305/842-2411.
Factories in West Palm Beach, Florida ¢ Lawrence, Massachusetts ® Footscray, England ¢ Colmar, France o Freiburg, Germany e Cascais, Portugal e Sydney, Australia.
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Traffic director. Computer-controlled signs on Los Angeles freeway alert motorists to prob-
lems in time for them to change lanes or alter their routes.

i

efforts is a system of large, alterable
signs much like football scoreboards
that warn motorists of obstructions
ahead so that they change lanes,
take alternate routes, or at least re-
lax and chew a few more antacid
tablets.

The 35 signs are installed on a 13-
mile stretch of the Santa Monica
Freeway, one of the area’s busiest
because it’s the only east-west free-
way near downtown. Each sign con-
sists of a matrix of about 3,000
lamps that are controlled over
leased lines by a Data General
Nova 1220 minicomputer in the
downtown area. Various sensors and
reports are used to instruct the signs
to display such information as:
“Right lane closed in 1% miles.”
The signs are normally off; if they

M_ilitgry_electronics

are on, there are problems ahead.
Some 100 messages are stored in a
disk pack in the system, but an op-
erator can prepare his own in emer-
gencies such as a circus lion escap-
ing from a wrecked truck.

The system with 35 signs cost $1.2
million—less, it turns out, than a
single scoreboard in some new ath-
letic coliseums. It was designed by
the California Department of High-
ways, with the prime contractor
Federal Sign and Signal, and sys-
tems work by GTE Sylvania. Oper-
ation began in late April, about six
months late because of problems
with the light bulbs and wiring.

The system is to get a year-long
evaluation by the University of Cal-
ifornia at Los Angeles, then possible
extension to other area freeways. []

Industry wary of Pentagon’s
design-to-cost procurement

Contractors don’t much like the
Pentagon’s “design-to-cost” philoso-
phy and strongly told Defense De-
partment officials so during a joint
sitdown meeting in late April. De-
spite assurances by the officials that
the “design-to-cost” emphasis in
new contracts won’t burden com-
panies, electronics and aerospace
company executives remain skep-
tical—if not downright wary—of the
cost-cutting concept [Electronics,
Jan. 4, p. 70].

During a two-day DOD-industry
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forum sponsored by the Electronics
Industry Association in Washington,
D.C., industry representatives ex-
pressed the fear that DOD’s year-old
efforts to match performance speci-
fications to unit production costs
would saddle them with another
round of rigid contracting require-
ments. Specifically, the executives
charged that design-to-cost:

® [ooks like a new version of the
total-package-procurement concept
of the McNamara era, under which
some companies feel they got

burned, especially with its seeming
inflexibility.

s Still doesn’t provide any way to
prevent some companies from “‘buy-
ing-in” to major contracts by ex-
cluding research and development
costs in calculating production fig-
ures.

® Could stifle needed technological
innovation for the sake of lower
costs.

® Can’t mean too much until the
30-some odd contracting agencies of
DOD agree among themselves on
how to manage it.

® Doesn’t make clear how ceiling
prices on program costs are derived
and who derives them.

DOD rebuttal. Attempting to
counter the mistrust expressed by
some representatives, Jacques S.
Gansler, assistant director for elec-
tronics, Defense Department Re-
search and Engineering, told the
200 attendees that “the only similar-
ity” between total-package and de-
sign-to-cost procurement “is that
price is a consideration.” Otherwise,
where under total-package procure-
ment companies bid once for the
whole program without first devel-
oping hardware, design-to-cost is “a
totally incremental program,” with
competitive bidding between the de-
sign, development, and production
phases. There is “no commitment
made to producing the item until
we’ve finished the development pro-
gram,” he said; however, the devel-
opment program should have the
“maximum information” on the
production program’s costs so that
DOD can choose among competing
firms.

Gansler termed it “unrealistic” to
have both performance require-
ments and production prices firmly
fixed in the design-to-cost concept.
In choosing performance require-
ments, DOD hopes to ‘“call out the
three or four most important items”
and make the others options, he
said. The performance-oriented
concept emphasizes functional re-
quirements, not design specifica-
tions, he said. Having detailed spec-
ifications heretofore has “allowed
incompetent people to bid because
we told them how to solder,” Gan-
sler observes. Stressing the concept’s
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AlSilla

BRANTEC

SUBSTRATES

Extra strong ceramic substrates
for thick and thin film processes.
Special purpose substrates to get
rid of heat, to save space, to
match thermal expansion of glass,
for light sensitive devices or for
a contrasting background. Sub-
strates with high dielectric con-
stants. Bulletin 712 on request.
Phone 803/682-3215.
Telex 570449.

Circle 216 on reader service card

CHIP CARRIERS

These small hermetic chip carriers
allow far greater circuit density.
Electrical testing after hermetic
sealing allows storage of good
devices in a less expensive pack-
age before committing to the cir-
cuit. The design permits conven-
tional die attach, wire bonding
and lid sealing operations . . .
and re-flow solder attachment to
a multilayer ceramic substrate,
hybrid substrate or phenolic cir-
cvit board. Phone 615/265-3411.
Telex 558432.

Circle 219 on reader service card

c

SNAP-STRATES

From tooling for economy or from
laser for accuracy, Snap-Strates
are a proven cost reducer. Have
you considered how much Snap-
Strates and multiple processing
can save you? Bulletin 712 on
request. Phone 803/682-3215.
Telex 570449.

Circle 217 on reader service card

CUSTOM METALLIZING

Tailored for maximum bond
strength on wide choice of our
own ceramic compositions includ-
ing Black Alumina, White Alumina
and Beryllia. All popular metalli-
zations and platings, applied by
both precision generation and
photo-etching. Where air firing is
required, ceramics can be supplied
with noble metals, surface or
buried in multilayer ceramics.
Phone 615/265-3411.
Telex 558432.

Circle 220 on reader service card

0 HYBRID COMPONENTS

HYBRID PACKAGES

All ceramic construction plus
brazed-on leads for maximum
reliability. Co-fired monolithic
ceramic structure eliminates her-
meticity problems, grectly in-
creases thermal conductivity and
structural strength. Ceramic con-
struction permits mounting the
package over conductors on cir-
cuit board. Custom made or write
for current list of standard pack-
ages. Phone 615/265-3411.
Telex 558432.

Circle 218 on reader service card

CAPACITOR CHIPS

Single or multilayer, custom made
or stock. Diced chips from 1 pf
to .05 mfd. Sizes .020” square
and up. Multi-Cap® capacitors in
all EIA preferred sizes, .080" «x
.050" and up. Available in TC
compositions from P120 to N5600
and in all high dielectric constant
materials. Bulletins 689 and 694
on request. Phone 803/682-3215.
Telex 570449,
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innovative competitive tech-
nological nature, he noted that at
each phase it “won’t keep out the
guy who hasn’t been in the business
before,” nor new bidders.

As for prevention of buying in,
Gansler answered, “you don’t pre-
vent buy-ins—ever” because “people
are competitive by nature,” but such
practices “miss the point of procure-
ment,” which is ascertaining the
unit cost in production.

Both industry and defense panel-
ists agreed that rising costs of weap-
ons systems produced problems for
industry and defense. TRW’s Donald
Pitts, director of Government-busi-
ness policy, summarized, ‘“Cost
credibility is a problem we, DOD,
and industry have with Congress
and the public.

Carrot and stick. But, while hold-
ing out the carrot of “let’s all work
together,” the defense officials bran-
dished the stick, too. In answering a
question of how DOD would hold
down program costs, Donald N.
Fredericksen, assistant director
(land warfare), DDR&E, replied that
in programs where there weren’t
competing companies “‘we may get
competition in other ways.” He sug-
gested using backup programs to fill
the same mission, turning to an-
other program in an earlier phase,
improving existing systems, or buy-
ing foreign systems. The DOD panel-
ists also stated a strong preference
for contractor warranties.

DOD faces other problems in im-
plementing design to cost, according
to Donald W. Srull, Office of the
Deputy Defense Secretary for Cost
Analysis. Among them are: how to
handle programs already on stream,
how to effect “a change in the whole
contractual process” by insisting on
realistic costs—“we’re not looking
for bargains,” Srull insisted—and
whether DOD should share its own
cost estimates with bidders. He con-
cluded, “Solutions in the past where
we got more money are over’ so
that “we have no other alternative
but to put the squeeze on costs.”

Meanwhile, however, “industry is
very leary,” commented Robert F.
Finnell, new business manager for
Rockwell International’s Autonetics
division, which doesn’t have a de-
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News briefs

Signetics to sell stock publicly

Signetics Corp. is planning to sell 715,000 shares of common stock after
publishing its first profit and loss statement last month in a sale prospectus.
The company had a net income of $15.4 million on sales of $48.4 million in
1972, after losing $5.7 million in 1971 and $8.4 million in 1970. During the
first quarter of 1973, it had a net income of $1,342,469 on sales of
$17,840,911. None of the shares being sold is owned by parent company,
Corning Glass Works, although the sale will reduce Corning’s ownership of
outstanding shares from 92% of the total to 80.5%.

EIA to oppose repeal of tariff and tax benefits

The Electronics Industries Association plans to testify against parts of the
President's trade bill asking for authority to repeal tariff advantages and tax
benefits for offshore assembly. The May hearings, before the House Ways
and Means Committee, follow two April meetings with industry representa-
tives to discuss the problem.

Solitron enters vacuum-tube FET market

Latest to hop into the market for solid-state replacements for active vac-
uum-tubes, behind Teledyne Semiconductor and National Semiconductor,
is Solitron in San Diego. The company's Fetrode—Teledyne calls its ver-
sions Fetrons—uses a cascode arrangement of field-effect transistors, in-
cluding a 430-volt FET. The FETs, which mount on a socket, replace a type
of 6AKS tetrode widely used in communications equipment.

S§$SB ham transceiver is fully solid-state

Amateur radio operators, who constitute one of the largest markets for
single-sideband transmitters, can finally buy a medium-power fully solid-
state transceiver. Swan Electronics, Oceanside, Calif., a subsidiary of
Cubic Corp., makes the equipment, which generates 200 watts on high-fre-
quency amateur bands directly from a 12-volt automotive supply. The basic
equipment puts out 15 watts and costs $579.

Motorola to open MOS plant in Texas. . .

A late starter in the MOS products race, Motorola Semiconductor Products
division is increasing its commitment to MOS with a multimillion-dollar plant
to be built in Austin, Texas. It is the firm's first in the U.S. outside Arizona.
Stage one of the 300,000-square-foot plant will be built in a year, with com-
pletion due in 3'% years. The plant will house all MOS production.

. .as Fairchild settles in Poughkeepsie. . .
Also expanding manufacturing capacity for MOS, Fairchild Semiconductor
has announced plans to buy a 44,000-square-foot plant near Pough-
keepsie, N.Y. Occupancy is scheduled to begin after June 1 of this year.

. .and announces CCD prices

Fairchild Semiconductor Components group announced a single-unit price
of $1,200 for its 500-element charge-coupled-device image sensors [Elec-
tronics, March 29, p. 25]. Quantity prices will be negotiated, a spokesman
said. Reticon Corp., Mountain View, Calif., a leading supplier of diode ar-
rays, charges $1,600 for one 512-diode linear array, or $800 in 100-unit
lots. However, Reticon says it would accept orders for large production lots
at as little as $100 an array.

Army awards contract to Sperry Rand

Sperry Rand's Univac division has received a $30 million contract for 15
Model 1108 processing systems to be installed at the Army's Personnel
Center in Alexandria, Va. The General Services Administration is expected
to buy the computers for the Army after a year's lease.
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“THE PRACTIGALS’

y A COMPLETE FAMILY OF LOW-COST
HIGH PERFORMANCE PACKAGED AC-DC
REGULATED POWER SUPPLIES

They make systems engineers cost-efficiency experts

Today's OEM Engineer must assume many responsibilities
beyond the pure design of systems.

He must realistically specify the components and sub-
systems; buy the required performance specifications at
competitive prices; package the system in its most compact
form. in short, he must achieve the greatest cost-efficiency
and reliability per dollar invested.

Just compare the basic specifications and prices of “The
Practicals"” with other open construction power supplies.
Then consider that we give “The Practicals” the identical
5-Year Warranty as our premium mil spec units.

Standard output voltages and power availabilities satisfy
the most popular circuits. Custom specifications can easily
be adapted to order.

“The Practicals” are an OEM Engineer’s most realistic
answer to any power supply need. Call, wire or write today
for immediate delivery.

TECHNIPOWER “PRACTICALS”
Standard Specifications
Single, Dual, Triple, and Quadruple Output Models

Source voltage range: 105-125 volts

Source frequency range: 47.420 Hz.

Combined Source and Load Effects (Regulation): +-0.5%

Pard (Ripple) (RMS): 2mv.

Temperature Coefficient: (TYP.) 0.02% /°C.

Polarity: May be used positive or negative.

Output voltage and current: See model listing.

Short circuit protection: Automatic circuit protects the power supply if the output

- is shorted continuously. Automatic return upon removal of short circuit.

Remote sensing: Provisions are made for remote sensing to eliminate effects of
lead resistance on dc regulation.

Ambient Operating Temperature: 0°C to +55°C for current ratings specified
in model listings.

Storage temperature: —20°C to +85°C.

Recavery time: (TYP.) Less than 50 usec, ¥z L to FL.

Fixed Output and Dual Input Available: Consult factory

OEM guantity and less than 25 unit prices quoted upon request.

Custom specifications easily adapted to order.
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DUAL OUTPUT TRACKING SERIES designed for
op-amp and other commercial applications.

CASE SIZE #1

e |
Mt | om [ cunana | (460
_ Voltage | Amperes | Model No.

+120*+5% | 12 LPDT-12.0-1.2 | 25 or more
[+15.0 5% 1.0 LPDT-15.0-1.0 combined units
— Unit Price $80.75
Overvoltage Protection available on all models (LPDTC series). Add
$10.00. Independent output adjustment (non-tracking) provided

at slight additional cost.

Modification of standard output voltages can be provided over the
range of =5 to =28 volts at slight additional cost. Voltages below
=7 volts not available in Tracking models.

TRIPLE OUTPUT SERIES combines single and dual
output functions

CASE SIZE #2

NEW! HIGHER POWER MODELS IN 3 CASE SIZES

[ Adjustable | oOutput T
. . |  Output Current Standard
SINGLE OUTPUT SERIES designed for logic, op-amp, | Veltage Jmperes Model No $ 60
signal and other commercial applications +5.0+5% 5 o |
- _| S +12.0+5% LPM-1
[Adjustable Output Output Output —12.0+5% 25 or more
I Output Current Standard current Standard Current Standard 15 oiso/ Y combined units
Voltage Amperes Model No. Amperes Model No. | Amperes Model No. +15’0j_5°/" LPM-2 Unit Price $155.75
= - — - —— - - 4 0£5%
5.0+5% 50  LP5.050 | 100 LP5.0-100 | 20.0 LP5.0-20.0 0 —15.0+5% |
6.0=5% | 4.5 LP6.0-45 | 9.0 LP6.09.0 | 180 LP6.0-18.0 | o )
=B - T g i —_— Overvoltage Protection is standard on 5 Volt Output at no
{
[lz0=5% | 25 112025 | 80  LPl2080 | 160  LP120-160 | | Goarvelage Feotection ie stanlard on 8 Volt Duleut at ne
115.0+5% 20 LP1502.0 7.0 LP15.0-70 | 140  LPI5.014.0 (LPMC series). Add $10.00.
[24.0+5% | 15  1P24.0-1. 5 45  LP24.04.5 f 9.0 LP24.09.0 | m?:r:{lgggﬂrogfusggard output voitages can be provided at
[28.0259% 1.2 1P28.0-1.2 4.0  LP28.04.0 | 80 1P28.0-8.0 ’

CASE SIZE #1

$3980

CASE SIZE #2

$7980

CASE SIZE #3

$13180

QUADRUPLE OUTPUT SERIES combines triple out-
put functions plus output for indicator or drive voltage

CASE SIZE #3

ALL MODELS ALL MODELS ALL MODELS Adjustable | Output [ —]
25 or more 25 or more 25 or more Output current Standard
combined units combined units combined units Voltage | Amperes | Model No. |
Unit Price $49.75 Unit Price $99.75 Unit Price $164.75 +3.0=5% 10.0 From
+15.0+5% 2.0
Overvoltage protection available on al! models (LPC series). Add $5.00 —15.025% 2.0 trad $ 80
for case size 1, $10.00 for case size 2. $15.00 for case size 3. +28.0+5% | 10 | |
+5.0+5% 7.5
+15.0+5% 4.0 LPQ-2 25 or more
BACKED BY TECHNIPOWER 5-YEAR WARRANTY —15.0+5% 4.0 combined units
U.L. APPROVED. +280+5% | 10 | | UnitPrice
See Technipower products in Volume 1 of the 1972 1973 EEM, Pages 964-989. i;g::;/e 12.2 From $254.75
[t 23 :- ] .
-12.0+5% 2.5 A
+28.0+£5% | 1.0 P

TECHNIPOWER . inc.

Overvoltage Protection is standard on 5 Volt Output at no additional
A BENRUS JJ DIVISION

cost. Available on the =12 or =15 volt output (LPQC series). Add
$20.00 Modification of standard output voltages can be provided at
slight additional cost.

Benrus Center, Ridgefield, Ct 06877 203.438-0333 TWX: 710-467-0666
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sign-to-cost contmact. “DOD hasn’t
thought it through completely,” he
said, adding that even parts of DOD
aren’t in agreement. “‘Industry has a
wait-and-see attitude,” observed
Martin Marietta’s Darwin C. Mid-
dlekauf, design-to-cost manager for
the Orlando division, which is per-
forming three contracts with design-
to-cost features. “*Management has
to be strongly behind it or it won’t
work,” he said. One good thing is
that “it puts the engineer in the
loop” so that he knows the cost of
his decisions, Middlekauf said.
Overall, he thought, “right now it’s
a buzzword; it may become a way of
life later.” O

~ Packaging

‘Coupon’ IC carrier
trims package height

When beam-lead integrated circuits
first came on the scene, one of the
promises they held out was elimina-
tion of IC packages, because the
chip itself could be hermetically
sealed. Getting rid of the package
cuts costs and allows greater pack-

ing density on circuit boards. Engi-
neers at the Defense Systems divi-
sion of Bunker Ramo Corp., West-
lake Village, Calif., near Los An-
geles, have gone a long way toward
those two goals with their “‘coupon”
carrier. Bonded to the flat copper
carrier, ICs can be mounted directly
on inexpensive circuit boards that
make up a dense ‘‘planar coaxial”
assembly.

The carrier could also be
mounted on regular circuit boards.
Howard *“Bud” Parks, director of
advanced technology at the division,
estimates that the cost would be
about 5 cents per 24-pin carrier
compared to the usual 25 to 30 cents
now charged for a conventional
package.

Dense. Heart of the new ap-
proach is planar coax technology,
which Bunker Ramo developed (see
“What is planar coax?”) and which,
in turn, led to the need for the direct
mounting. Planar coax permits very
high packaging density, but even
very small IC packages that are 50 to
75 mils thick add significant extra
volume. To overcome this, Bunker
Ramo has mounted chips directly
on one of the interconnection layers,
or substrates.

Conventional wire bonds, beam

What is planar coax?

The name '‘planar coax,’’ while accurate, suggests only a part of the three-

dimensional packaging system developed by Bunker Ramo. It basically
consists of copper substrates—containing buried coax interconnections—
on which parts such as ICs are mounted. These copper wafers are stacked
vertically, with spacers where needed because of the thickness of compo-
nents. Connections from layer to layer are made by small copper-gold
bumps placed in insulating plastic. These vertical connections are also co-
axial, being surrounded by copper on each level. Pressure holds the as-
sembly together.

According to Howard Parks at Bunker Ramo, a big appeal of the system
is its economy. He estimates a two- to five-times reduction in cost over con-
ventional DIP circuit-board and connector packaging. The planar coax
costs about $30 per cubic inch, with about 1,500 terminals in that volume.
Design and processing costs are similar to those of regular circuit boards,
but total costs are much lower because of the high density. Another advan-
tage is circuit speed; the dense packaging and coax interconnections are
ideal for high-speed logic, permitting 100-picosecond typical propagation
delays.

Using the technique, Bunker Ramo has developed an 8,192-word semi-
conductor memory that occupies less than 2 cubic inches. The size does
not include interconnections. The company is also looking at commercial
markets, probably through licensing, and it is expected to use the technique
in its BR1018 military-oriented minicomputer.

for more information
on Microsystems’
memories contact:

microsystems sales offices

U.S.A.
CALIFORNIA,
Palo ANo .(415)493-0848
Sants Ans .. {714)979-6522
PA, Huntingdon Valley. [(215)W17-5641/2
MINNESOTA, New Hope. .(612)554-1802
KLINOIS, Schaumburg 312)894-7660
NEW HAMPSHIRE, Nashus (617)762-8298
CANADA
ONTARIO,
Ottawa. ... {613)828-8191
Toronto. (416)279-1358
QUEBEC, Montreal. (514)875-2814
sales representatives
U.S.A.
ALABAMA, Huntsvile Tech-Rep Associates..........(205)881-5925
ARIZONA, Scottedale Barnhill Five inc. {602)947-7841
CAUIFORNIA,
Los Altos WW. Posey {415)948-7771
Sants Anas Rical Associates {714)557 6543
an Diego Transdynamics Inc. {714)583-7018
+ OLORADO, Denver Barnhill Five Inc. .{303)934-5505
FLORIDA,

Tech-Rep A .....{305)723-9140
Largo Tech-Rep Associates. {813)595-2834
ILLINOIS, Chicago L-Tec Inc {312)286-1500
INDIANA, RE q & A (317)253-3997
MARYLAND, Baltimore L.H. Kolman Co (310)752-8756
MASSACHUSETTS, Waltham Ran-Tek (617)890-5110
MISSOURI, Kansas Florence & Meyer Inc. -(813)722-5210
NEW JERSEY, Tenally ABC Electronic Sales ...{201)568-2354
NEW YORK,
Clcero Advanced Components Inc ..(315)699-2671
New York ABC Electronic Sales. .(516)747 6610
North White Plains ABC Electronic Sales .(914)946-3001
NEW MEXICO, Alburquerque Barnhilt Five Inc. (505)299-7658

OHI0, C Tom Mulligan & A
PA, Huntingdon Valley ABC Electronic Sales

(614)457-2242
(215)W17-5641/2

TEXAS, Addison Campion Sales. (214)239-9196
UTAH, Salt Lake City Barnhiil Five Inc ....(801)487-1327
WASHINGTON, Seattle Carlyle Technical Sales.....(206)632-4290
distributors
U.S.A,
ARIZONA, Phoenix Kierulft Electronics SO— {602)273-7331
CALIFORNIA,
Carson Hi-Rel Distributor Sales (213)537 6500
Los Angeles Wesco Electronics. (2136859525
Menlo Park Bell Electronic Corp {415)323-9431
Riverside Electronic Supply {714)683-5591
San Carlos Sterling Electronics Corp. {415)592-2353
I San Diego Kierulff Electronics. {714)278-2112
COLORADO, Denver Kierultt Electronics ..-{303)343-7090
FLORIDA, Clearwater Southland Electronics. {813)443-4514
LONG ISLAND,
Arrow ics Inc. (415)323-9431
Freeport Milgray Electronics Inc {516)546-6000
| MARYLAND,
Baltimore Arrow Electronics Inc {310)247-5200
Rockville Pioneer Electronics inc (301)424-3300
MASSACHUSETTS,
Boston DeMambro Electronics. .(617)787-1200
Dedham Gerber Electronics {617)329-2400
Watertown Sterling Electronics Corp. {617)926-9720
NEW JERSEY, Mig-Atlantic E i 8288
NEW YORK,
Plainview Newark Electronics Corp. 1516)822-5000
Si ics.. (716)328-3230
Rome, Rome Electronics inc....... (315)337-5400
NEW MEXICO, Alburquerque Kierulff Electronics.. .(505)247-1055
TEXAS, Dallas Semiconductor Specialists Inc {214)358.5211
WASHINGTON, Seattle Kierulft Electronics. -(206)763-1550
CANADA
B.C. Vancouver R.A.E. Industrial Electronics Ltd.... .{604)687-2621
ONTARIO, Malton
Semiconductor Specialists {Canada) Ltd .(416)678-1444

QUEBEC, Montreal Cesco Electronics Ltd. .{514)735-5511

Also throughout Europe, Japan, Asia and
Australasia

microsystems

international
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Microsystems Intemational...

Big in Memories
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It's an understatement! We're about the biggest
semicon memory components manufacturer in
the business—-and we're getting big in memory
systems too. (The board in the photo is
Microsystems latest 8K X 12 memory module).

We're big in memory technology with p and n
channel silicon gate MOS L Sl for low cost, iow
power applications; and the complimentary
Schottky clamped bipolar for high speed
requirements. Our broad product line includes
RAMs, ROMs, pROMs, Shift Registers, Special
Purpose and Peripheral Circuits. The line
features TTL compatibility, a range of bit
capacities from 64 to 4096, access times from
20 ns to 1500 ns and a choice of static or
dynamic operating modes. Deliveries are the
best. Our high volume 3 inch water fab tacility is
running around the clock. And product of the
highest quality is assured by a fully approved test
lab, backed-up by our unique SEM failure
analysis program.

We haven't overlooked new products either.
Over 350 engineers and technicians are
dedicated to the development of advanced
circuits and processes. When it comes to service
we're hard to beat, with our worldwide network
of sales and applications engineering offices,
stocking distributors and sales representatives.
When considering your next order for memory
components and systems remember
Microsystems International—we're about the
biggest in the business.

microsystems
MOS & Bipolar Memories from 4

the performance leader

microsystems international limited, box 352¢ station ¢, ottawa, canada K1Y4J1

international
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BOOM. .. big infor-

mation in a small
package. nimo®, a
1.5” MINI-CRT re-
quiring no internal
or external focus-
ing or deflection.

Each of 64 inde-
pendent guns can
display a single let-
ter, number or sym-
bol up to .6” high,
or a complete mes-
sage of up to 3 lines
of 6 characters
(.187” high). In ef-
fect, this ingenious
display provides a
Read-Only-Memory
for your fixed data
with extremely sim-
ple and inexpensive
T2L interfacing; i.e.,
an 8 x 8 drive struc-
ture requires only
two SN 7442N de-
coders, and four MC
1820 P Hexinverters

to complete the package.

THE
MINI
CRT
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Don’t restrict your
thinking about the
nimo 64’s applica-
tions, they're great
for key-to-tape/
disc terminals for
character entry
verifications, digital
instrumentation,
annunciator sys-
tems, computer
prompters, optical
data scanning sys-
tems, teachHing ma-
chines, and point of
sale terminals.

The price? At ease
men. .. 60¢ a mes-
sage. nimo 64, the
ultimate display—
GIVE IT A SHOT!

Give us acall.
Industrial Electronic
Engineers, Inc.,
7740 Lemona
Avenue, Van Nuys,
Calif. 91405,
Telephone: (213)

787-0311, TWX 910-495-

Unmatched legibility
(true form characters),
and contrast ratio, boom
loud and clear, all on a
single plane.

1707. Our European Of-
fice: 6707 Schifferstadt,
Eichendorff-Allee 19,
Germany, Phone:
06235-662.

| —————
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leads, or inverse beam leads can be
used. A small ceramic preform is
placed around the chip (though this
isn’t required if there are beam-lead
connections), and a top can be
added. Coupon thickness with the
preform and top is 25 mils.

The interconnection layer is
largely copper, with a small amount
of insulation to isolate leads, and
provides excellent thermal charac-
teristics. In line with current trends,
Parks says that epoxy die bonding is
used, although a Kovar substrate
can be used to provide the proper

Coupon carrier. Bunker Ramo’s technique
combines IC carrier and interconnects.

thermal expansion coefficient for
eutectic bonding.

Cutting the coupon. At this stage,
the most practical approach seems
to be to mount one or two ICs on a
separate coupon formed by cutting
a full 2-by-2-inch copper substrate
into sixths. This permits testing the
IC before installation, and also sim-
plifies replacement if required. With
more experience and higher IC
yields, a full layer containing a
number of ICs would be practical,
and the whole wafer could be dis-
carded and replaced for quick ser-
vicing,.

Much of the low cost of the
scheme results from its use of only
small quantities of inexpensive ma-
terials. Some gold had to be used
but, with skyrocketing gold prices, it
is significant that only the small
connection bumps, a few mils in
diameter, need to be gold-plated
and then only with 0.2 mil of gold.
In conventional packages, it is often
necessary to plate all metal parts. [J
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ROM ADDRESS
CONTROL LOGIC
ROM ADDRESS REGISTER

CLOCK GENERATION
AND TIMING

INSTRUCTION REGISTER

READ ONLY MEMORY
MULTIPLE MCM 14524 “\’ ???;T/?f?/

DECODER DECODER

DECODER

BUS RECEIVERS

Creates All- CMOS System Capability-

The interest aroused by Motorola’s new MCM-
14524 McMOS* ROM was predictable. After all, it's
the first 1024-bit CMOS memory. And *he interest
is much deeper than simple curiosity. The growing
ranks of designers with requirements for low power
operation and/or high noise immunity have recog-
nized the MCM14524 as the closing link in the solu-
tion to many of their problems. The all-CMOS system.

For example, this machine or processor control
section using microprogramming techniques can
now take full advantage of CMOS. No need to mix in
bipolar ROMs. Until the MCM14524 pravided an
alternative, no matter how the rest of the logic was
executed, only relatively power hungry memory
options were available for the ROM function. None of
them offered any simple approach to noise immunity.
With availability of the MCM 14524, integrity of low
system power use and high system noise immunity
may be maintained.

Because it's a mask programmable ROM, the
MCM14524 is ordered as a factory special, with the
desired unique pattern for the 256 x 4 organization
specified on punched computer cards, or if preferable
by means of a completed truth table. The memory is

expandable by virtue of memory enable on the chip.
Output latches provide a storage register, and full
address decoding circuitry is on the chip, too.

Somewhat paradoxically, though the McMOS
ROM is generally considered in the medium speed
category, 70ns data retrieval is possible under cer-
tain conditions, i.e., in the chip enable access mode
where addressing already has been established.

General McMOS family characteristics serve as a
good guide to further definition of the MCM14524.
Each of two versions is designed for single supply
operation. The AL suffix version operates over a wide
supply voltage range of +3 to +18 volts with a —55
to +125°C operating temperature range. The CL ver-
sion operates over the +3 to +16 V supply range and
a —40 to +85°C temperature range.

Mask charges are $1,400.00 on orders to 24, but
gradually decline to nothing when order quantities
reach 500. 100-999 prices are $24.70 and $13.75
for the AL and CL respectively. Documentation,
including programming instructions, is available from
Motorola Semiconductor Products Inc., P.O. Box
20912, Phoenix, AZ, 85036. Your Motorola sales
office with be pleased to entertain enquiries, too.

“Trademark of Motorola Inc.

MOTOROLA MOS

Expanding Dimensions In Digital Design

Electronics/May 10, 1973
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Fast Stored Writing Speed,
With Long Viewing Times.
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The Tektronix 7000-Series Storage Family

Your requirements, to store (200 cm/us for hours). We invite Storage Family with each one
and look at increasingly-faster you to try this multimode scope in offering an excellent price/
waveforms, spurs us onin our your application and see for performance ratio. Choose the
storage R & D effort. Storage yourself. And high-speed storage 7613/R7613 for Variable
technology is not new to is just one of the modes available Persistence Storage or the
TEKTRONIX, we are now in our in this mainframe. You may also 7313/R7313 for Bistable

11th year of delivering Storage choose Variable Persistence, Phosphor Storage. All four models
Scopes. We believe that the Bistable Storage or Non-storage have stored writing speeds up to
multimode 7623 Storage operation at the push of a button. 5c¢cm/us and operate in two
Oscilloscope, our latest and There are four other members modes: STORE and NONSTORE
fastest storage mainframe, offers in the TEKTRONIX 7000-Series (conventional).

you the very best storage/view-
time capability available today

44 Electronics/May 10, 1973




Three Types of Storage, Six Mainframes

Multimode Storage (7623/R7623)
4 modes of Operation
100 MHz bandwidth

FAST—stores up to 200cm/us
with the FAST CRT option and up
to 100 div/us (0.9 div/cm) in the
standard model.

VARIABLE PERSISTENCE—i.
those bright high contrast or
halftone displays.
BISTABLE—for the lower writing
speed requirements of 30 div/ms
and slower.

NONSTORE—for the conven-
tional oscilloscope applications.

T
,'14 i

Variable Persistence
Storage (7613/R7613)
2 modes of operation
100 MHz bandwidth

VARIABLE PERSISTENCE—
gives bright high contrast
display of fast-risetime low
rep-rate signals, ideal display for
the 7L12 Spectrum Analyzer.
Stores up to 5 div/us (0.9
div/cm).

NONSTORE—for the conven-
tional oscilloscope applications.

-

ni
i
i

All oscilloscopes with
CRT READOUT

You gain overall efficiency in
operator speed and accuracy
and simplify your measurements
by using CRT READOUT. It puts
the measurement parameters,
right on the CRT, adjacent to the
waveform you are viewing,
measuring or photographing.
With CRT READOUT you can use
the complete line of Digital
plug-ins available in the 7000
Series.

All CRT’s are extremely
burn resistant. . .
requiring no special
operating precautions.

7000-Series . . . more than
just an oscilloscope.

A 7000-Series mainframe
equipped from a selection of
over 22 plug-ins plus an entire
line of probes, cameras, SCOPE-
MOBILE carts and other
accessories offers you the widest
scale of measurement solutions
available today.

Measurement problems, ranging
from the very simplest to the most

For a demonstration circle 44 on reader service card

e guiet e nf
5:%‘-:-1 el

Bistable Phosphor Storage
(7313/R7313) 2 modes

of operation

25 MHz bandwidth

STORE—retains fast waveforms
moving up to 5 cm/us. Features
split-screen operation for
realtime and stored waveform
comparisons.

NONSTORE—for the conven-
tional oscilloscope applications.

complex, in many disciplines, are
solvable with 7000-Series
plug-ins. Choose from: Amplifiers,
Time Bases, Curve Tracer,
Digital Multimeter, Digital
Counters, Digital Delay, Sampler
and Spectrum Analyzer Plug-ins
... and there are more coming.

Tektronix, Inc. . . . the pioneering
pacesetter in storage display
technology, offers sales, after
sales support, and service . . .
world wide.

PRICES without plug-ins:

w/o CRT
Mainframe READOUT STANDARD
7623 ........ $2450........ $2850
R7623 ........ $2550........ $2950
for FAST WRITING CRT add $500
7613 ........ $2100........ $2500
R7613 ........ $2200........ $2600
7313 ... $1600........ $2000
R7313 ........ $1700........ $2100

For a *hands-on'* demonstration of the only
total storage capability, contact your nearby
TEKTRONIX Field Engineer or write:
Tektronix, Inc., P.O, Box 500, Beaverton,
Oregon 87005. In Europe write: Tektronix Ltd.,
P.O. Box 36, St. Peter Port, Guernsey,
Channel Islands.

i

TEKTRONIX
v ercotance
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Excellon

The Mark lll is unguestionably the
most advanced p.c. drilling system ever
produced by us or anybody else.

It has no competition.

Of course, that doesn't mean they're
not out there trying to equal it.

But just look what they're up against.

The Mark Il is computer-directed,
utilizing a General Automation SPC-12/15.
The SPC-12/15, with 16K memory, handles
a variety of code formats and is plug-
compatible with central computers. It offers
step and repeat, repeat pattern (16 and
14 pin dual in-line, 8 pin L package),
automatic table offset, mirror image and
automatic rewind. In its own right, it, too,
has no competition.

The Mark Il can produce drill hit rates
of 200 per minute. And we're talking about
quality holes at .25-inch movement and
.002 chip load.

Table travel speed is 400 ipm on
each axis. A computer-driven,
high-torque, high-speed, low-inertia servo
motor provides instant acceleration for
unmatched production.

Spindle motor speeds are from 45,000 to
80,000 rpm. AC variable-frequency motors
with air bearings easily exceed the prac-
tical limits of common ball bearing motors.

Spindle feed rates range from 20 to
250 ipm. Constant feed rate accuracy is
assured to within 2.0 percent of setting.
The stroke limit is adjustable in .001-inch
increments.

And as a unique option, there's the
Excellon automatic drill changer. It selects
from 12 drill sizes on computer command.

Call or write Dick Hogan, Sales Manager,
today. His number is (213) 325-8000.

Excellon

EXCELLON INDUSTRIES
23915 GARNIER / TORRANCE,
CALIFORNIA 90505

Phone: (213) 325-8000

Telex 674562 — Cable EXCELLON Torrance

Excellon Sales and Service in ENGLAND » FRANCE
SCANDINAVIA * W. GERMANY « SPAIN * HOLLAND
ITALY » ARGENTINA * ISRAEL * AUSTRALIA * HONG
KONG * TAIWAN * JAPAN
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Another New Signal Generator—from Narda

NOW -in one instrument
sweep from 2 to 18 GHz

2 0-18.0 GHz SWEEPER

SORID STATE MODEL P40

SWEEP i !SE(I.
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20 2 to 18 GHz leveled sweep at 4 mW (+6 dBm) output power 18.0 GHz

no BWO tubes - no extra plug-ins - no other gimmicks
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doarn mivessssge. NAYAL 73010706

THE NARDA MICROWAVE CORPORATION - PLAINVIEW, L.I, NEW YORK 11803
516-433-9000 . TWX:510-221-1867 o+ CABLE: NARDACORP PLAINVIEW NEWYORK
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Now sweep continuously from 2 to 18 GHz and anywhere in between
with the Narda 9530 all solid-state sweeper. Use it also as an accurate
stable CW signal generator. Make more significant measurements
quickly . . . one broadband instrument, with 0.5% frequency accur-
acy, at least 0 dBm calibrated leveled output power, low residual FM,
and modulation capabilities. Save man hours by eliminating plug-ins
and warm-up time . . . no need for separate signal generators. Save
too by eliminating your BWO and Klystron tube replacement costs.

Narda now offers you an extensive line of broadband accessories to
work withr the 9500 (1 to 12.4 GHz) and the 9530 signal generator/
sweeper . . . turret attenuators, DC to 18 GHz for sensitivity and attenu-
ation measurements — broadband high directivity couplers to 18 GHz
for precise return loss and insertion loss measurements.

Get all the facts about our Broadbands . . . write for new literature.




Postal Service
begins automation
of business mail

Collision-avoidance
systems cause FAA
more trouble. . .

. . and anti-crash
device is another
agency headache

Small Applications
Satellite changes
name, maybe form

Electronics/May 10, 1973

Washington newsletter

The multibillion-dollar network of preferential mail centers, eagerly
awaited by equipment contractors, will be kicked off by the U. S. Postal
Service with development of the Automatic Business Mail Processing
System to handle business reply mail [Electronics, Nov. 6, 1972, p. 67].
Responses to two requests for proposals are due back from industry
within a month. One contract will call for automation of about 30 man-
ual sorting machines, coupled with purchase of 10 or more Digital
Equipment PDP-8E minicomputers, for at least $1.5 million. The other
will be for prototype equipment to automate Burroughs’ manual sorting
machines, followed a year later by a planned contract to upgrade 400
Burroughs’ sorters. The Postal Service also has contracted with Philco
Ford for the upgrading of 20 optical character readers in 13 cities. The
business-mail system will precede the mammoth automation of prefer-
ential mail centers by one or two years, say postal sources.

The Federal Aviation Administration is about to collide with Congress
again over aircraft collision-avoidance systems. The Senate Commerce
Committee will hold hearings in June on a bill by Sen. Frank E. Moss
(D., Utah) requiring the agency to select a national CAS standard by
June 30, 1974, and is expected to grill FAA officials on why they have
not selected one by now. Certain FAA topside are known to favor an
improved ground-based air-traffic control for CAS functions and are
uninterested in choosing from among competing airborne systems by
Honeywell, McDonnell Douglas and RCA [Electronics, Dec. 20, 1971,
p- 69]. To sidestep an earlier Moss bill, the FAA had agreed to set up a
special program to evaluate the systems and was to have reported back
to Congress last January [Electronics, Jan. 31, 1972, p. 29].

Whether or not to require ground-proximity warning devices on air-
liners also is causing the FAA some grief, since the National Trans-
portation Safety Board and equipment makers favor them but parts of
the agency and the airlines don’t. Spurred by the Dec. 29, 1972 crash of
an Eastern Airlines Lockheed L-1011 in Florida, the agency is asking
for comments from interested parties by July 24, but says that the big
problem is that there already are too many warning gadgets in cockpits.
It has, however, okayed a Sunstrand system for European Douglas DC-
10s and says that United and TWA have modified their radio altimeters
to achieve a similar purpose. It also has a contract with Boeing Co. to
study concepts in which Honeywell, too, is reportedly interested, the
FAA says.

A funny thing happened to the proposed 500-pound Small Appli-
cations Satellite project [Electronics, Dec. 18, 1972, p. 34] as the idea
went through NASA channels: it lost its name and may lose its space-
craft as well. Currently called the heat-capacity mapping mission, it is
being viewed at in-house conferences as either a satellite or a sensing
package to go onboard another satellite. Deliberations could go well
into fiscal 1974 before a design contract could be let, though sources in-
dicate that NASA may opt to build the unit itself in either form. The
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DOT mulls a unified
air-sea SOS system

Private equipment
harms network,
says AT&T report

Ship-shore-satellite
program may get
help from Comsat

EIA reports big
jump in 1972 sales
of color-TV tubes

Washington newsletter

small satellite has been considered one of a projected family of “mass-
produced” craft on which specific sensing packages could be mounted.

A committee at the Department of Transportation is considering the
possibility of creating a unified distress alerting system for planes and
ships, and its report, expected this summer, could help shape equip-
ment policies and specifications for communications and individual
transmitting gear. The group is looking at the FAA’s Electronic Loca-
tion Transmission System now required on most planes, at maritime
systems, and the Coast Guard’s idea for a satellite-monitored Global
Rescue Alarm Network and its present coastal Distress Alerting and
Locating system.

Although DOT eventually wants commonality, initial problems in-
clude potential high user equipment costs and a difficult marriage of sys-
tems. The Defense Department already is funding its own Advanced
Survival Avionics Program.

In response to an FCC inquiry into whether to extend the private-attach-
ment rules to include customer-provided interconnection equipment,
AT&T weighed in with a lengthy statistical report charging that, among
those using non-Bell equipment, about 9% used too much data signal
power and nearly 30% of reported troubles harmed the network. AT&T
figures, based on analysis in several areas, also show that nearly half of
the reported trouble came from the private equipment. Worse, the com-
pany complained that “customers employing their own equipment rely
on the telephone company to determine whether trouble exists in their
equipment, thus diverting our maintenance resources from main-
taining telephone company equipment.”

AT&T’s report was requested by the FCC’s Common Carrier Bureau,
which within a few weeks will ask the communications giant to clarify
whether the report applies to data and/or voice usage.

Looking to find a satellite for its automated ship-shore-satellite pro-
gram, the Maritime Administration is talking with Communications
Satellite Corp. about using space onboard the proposed Navy-Comsat
interim navigation satellite [Electronics, March 15, p. 36]. The program,
which was momentarily stopped when NASA dropped further commu-
nications work, will produce a large communications-equipment mar-
ket. Marad also has sounded out American Satellite Corp. for space
onboard its domestic satellite system. Marad will perform L-band ex-
periments on Applications Technology Satellite F, to be launched in
1974.

A striking leap in the export market for color-TV tubes paced a strong
rise in factory sales of color tubes during 1972, according to figures
recently released by the Electronics Industries Association. The export
market ran 180% above 1971, to 622,000 units from 1971’s 222,000,
while the total 1972 volume rose 22%, or to 8.4 million units versus 6.9
million the year before. On the other hand, imported color picture
tubes declined almost 6% from 122,000 units to 115,000 during the year.
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svarnon €O connan DIGITAL MULTIMETER MODEL 7205

at this price!

=1\ resolution

> [ull funetions

20 ranges
Lead-compensated ohms

For immediate information on Systron-Donner’'s new Model
7205 5% -digit Multimeter, eall us collect on our Quick Reaction
line: (415) 682-6471. Or you may contact your Scientific
Devices office or S-D Concord Instruments Division, 10
Systron Drive, Concord, CA 94518. Europe: Systron-Donner
GmbH, Munich, W. Germany; Systron-Donner Ltd.,
Leamington Spa, U.K.; Systron-Donner S. A., Paris (Le Port
Marly) France. Australia: Systron-Donner Pty. Ltd. Melbourne.

SYSTRON @ DONNER

The Systron-Donner Instruments Group:
Concord Instruments [J Computer Systems [J Datapulse [J Kruse Electronics [J Microwave O Trygon Electronics
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Electronics international

Signiticant developments in technology and business

Quartz wafer, without being disturbed,
controls its own ion machining

By lapping, quartz crystals that will
oscillate at 30 megahertz can be eas-
ily made. Even 45-MHz operation is
possible—if low yields are accept-
able. At 45 MHz, the wafer is about
40 micrometers thick. Lapping,
cleaning, and checking something
that thin destroys many samples.

Now G. V. Planar Ltd. of Sun-
bury-on-Thames, with support from
the Ministry of Defence, is develop-
ing an ion-bombardment thinning
technique that produces very thin
quartz wafers. What’s more, a probe
contacting the wafer gives a readout
of the resonant frequency reached
without disturbing it, minimizing
damage risk. Planar has made 65-
MHz wafers—about 30 micrometers
thick—and says it can be done with
good yields. Wafers for 100-MHz op-
eration—about 18 micrometers
thick—should be possible.

Turning. The ion machine is a
straight-forward 7,000-volt argon
accelerator, costing about $7,000,
that was developed originally by
Planar for fine etching of semicon-
ductors. It produces a collimated
flood beam about 5 inches in diame-
ter, moving upwards. Paul Rei-
mann, one of the development engi-
neers, has mounted a small turn-
table, which revolves at 1 revolution
per minute, in the beam path. It has
recesses to take a dozen standard
300-mil-diameter quartz wafers.

A mask covers the rim of the wa-
fer so that only the central section,
about 200 mils in diameter, and a
path through the rim to take the
electrode lead are eroded away.
Leaving the rim thick makes the fi-
nal product stronger and easier to
handle. With lapping, of course, all
the surface is thinned. Reimann
says the wafer surfaces have a good
polish, and uniformity variation be-
tween wafers is 1%.

The planing rate is about 1 micro-
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meter per hour at maximum energy.
Reaching 35 micrometers takes
some 30 hours. For the last micro-
meter, the energy is cut to about
4,000 v. When the elapsed time in-
dicates that the wanted thickness is
near, the probe monitor is used.

The contact surface of the probe
is a gold disc about 100 mils across.
It faces upwards, under the wafer,
and its support extends through the
vacuum envelope. A thin layer of
gold—about 1,000 angstroms—is
sputtered off the probe face onto the
underside of the wafer, forming an
electrode. The gold remaining on
the probe contacts this electrode.

Peter Evison, senior scientist, says
that this probe gives a resolution of
0.005%, or 3 kilohertz at 60 MHz.
The Ministry of Defence is inter-
ested in the approach because scien-
tists at the Royal Aircraft Estab-
lishment think the crystals could be
useful for calibration purposes.
Planar intends to sell both finished
crystals and the production equip-
ment, if there is a market. Evison
also has in mind a single wafer
blank with many wells etched into
it, each with a bottom of different
thickness, producing a band filter in
a single wafer. O

France

Modules combine for
uhf transmitter

It’s still not child’s play, but build-
ing airborne uhf transmitters with
the modules that RTC-La Radio-
technique-Compelec has developed
gets close to it. RTC’s power pack-
ages can be combined to get outputs
up to 80 watts over the frequency
band from 225 to 400 magahertz.

All avionics makers need do, essen-
tially, is mount the modules on a
heat sink and tack on modulator,
antenna, and power supply.

RTC, a French unit in the Philips
Gloeilampenfabrieken group,
builds the power packages from two
basic elements—a 25-w (peak-
power) hybrid amplifier and an in-
terdigitated A/4 coupler. The com-
pany is just getting into pilot prod-
uction of the modules, but already
has a quartet of different versions in
the works. The most elaborate is a
45-w module, a pair of amplifiers,
and a pair of couplers tucked into
the same package. Then there’s a
driver package, a pair of amplifiers,
and a coupler. As you'd expect, the
basic amplifier and the coupler can
be had packaged by themselves. All
the packages have 50-ohm input
and output impedance.

Package. The kingpin component
in the hybrid amplifier, of course, is
a silicon power transistor. The chip
measures 1 by 2 millimeters and has
five 7-w cells laid down on it. This
chip mounts on a beryllium oxide
substrate, along with a silicon re-
sistor plus MOS and ceramic capaci-
tor chips. The inductance needed
for the LC-impedance-matching cir-
cuits consist of gold over nichrome
meanders deposited directly on the
substrate by photogravure. The
lines are 100 micrometers wide, and
they’re spaced 100 micrometers
apart. In its own 18-mm-diameter
can, the amplifier is rated for an
output of at least 25-w peak and a
gain of 5.5 decibels or more.

To parallel these amplifiers, RTC
designed a -3-decibel coupler that
can handle up to 100-w peak. It
consists essentially of interdigitated
A/4 delay lines terminated by a 50-
ohm nichrome resistor. There’s no
trouble pairing two of the 45-w
modules to obtain an 80-w peak
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transmitter amplifier. In fact, that’s
what RTC’s sister company, Télé-
communications Radioélectriques et
Téléphoniques is doing for the uhf
radio it’s building for the Anglo-
French Jaguar trainer/attack jet. [

ltaly

Point-of-sale system
checks out in Turin

Europe’s first complete electronic
point-of-sale data-processing system
has been installed in a new depart-
ment store in Turin owned by La

Electronics/May 10, 1973

Rinascente, one of Italy’s leading re-
tailing groups.

The system includes 60 stand-
alone intelligent terminals with
magnetic-tag readers, a duplex
minicomputer processor. and two
dedicated back-office terminals for
accounting and installment-plan
and credit-card processing. It is
somewhat more sophisticated, ac-
cording to Litton, than similar sys-
tems that it has installed recently in
two American department stores.

Purposeful. The system was de-
signed and manufactured, mostly in
Europe, by Litton’s cash-register
subsidiary, Sweda. It is not only
aimed at eliminating cashier errors,
but also at improving customer ser-
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vice and providing management
with up-to-the-minute information
on the inventory situation and sales
performance of individual depart-
ments and the store as a whole.

La Rinascente executives say that
early operating experience indicates
the system has virtually eliminated
the problem of “lost™ transactions.
Aldo De Thierry, the group’s infor-
mations systems and EDP director,
says that in standard sales-control
operations small punch-card-type
labels attached to the merchandise
are collected and processed to indi-
cate sales volume and stock turn-
over. But, because of missing or
ripped tags, plus clerical errors, up
to 10% of all sales transactions are
lost and cannot be retraced.

Found. With the new system
nearly 100% of sales are recorded.
De Thierry says that in the first 10
days of operations there were only
450 erroneous entries out of a total
of about 130,000 transactions. He
emphasizes that these 450 were not
lost but merely wrong; many of
them were caused by unfamiliarity
with the processor. What’s more, all
450 were identified and re-entered
later into the store’s records.

The Datapen reads at speeds
from 5 to 50 inches per second at
signal frequencies from 400 to 4,000
bits per second. It can read from ei-
ther end of the label, upside down,
from curved surfaces, and even
through transparent surfaces. If in-
formation must be entered man-
ually—a marked-down special sale
price. for instance—a special key
erases the magnetic information and
new data can be punched in by
hand. O

At work. Shoppers at Turin's new depart-
ment store get their bill fast as data on mer-
chandise tags (left) is read magnetically into
electronic cash-register terminal (right).
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We'll build your circuit that: Beeps, Smells,
Listens, Reads or Goes Bump in the Night.

Fast and Cheap.
We caII it Monochip.

Monochip is a one-chip custom bipolar IC that can be
made into a fantastic variety of linear and digital circuits.
Plus, it gives all the performance and reliability you could
want in a world of applications.

Beeps One of our customers builds a small clip-on heart monitor that
beeps when the heart beats and buzzes when it doesn’t. Circuit
- complexity and reliability made Monochip a must.

Smells Bacharach Instrument Co. Inc. needed a gas analyzer circuit
in one package. A tough challenge. Low cost, ruggedness and precise
performance were crucial. Monochip met all these conditions.

Listens Then, there’s this alarm clock that shuts off when you yell
at it. Very satisfying. R. W. Enterprises picked Monochip for its
size/performance capability.

Reads Monochip gave Tekelec, Inc. a great cost advantage in their
panel meters. Contents: a MOS device, some LEDs, and of course,
our customized IC to do the measuring.

Goes Bump in the Night Somebody (possibly the C.I.A.) gave us
just their I/0 specs. Nothing else. We shipped Monochips that met
their cost and delivery requirements. That’s all we know. Spooky.

Fast and Cheap $1800 gets you 50 packaged, evaluation units in only
3 weeks. That’s fast. And no matter how many production units you
order, they’ll cost less than other custom ICs, hybrids, or discrete
assemblles of equal complexity. That’s cheap. There is an Interdesign
Design Kit that contains everything needed to breadboard and simulate
your circuit’s performance, including stray effects. 16 DIP kit parts,
designer’s handbook and more. All for $39. Or, we can do the design
work for you. Just send in your schematic and/or specs for

free evaluation.

Either way, Monochip makes a lot of sense. Now, while you’re thinking

of it, call or write us. I.Ttl.e’l‘.

1190 Elko Dr.. Sunnyvale, California 94086
(408) 734-8666
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Italy’s cities
wire up for
cable TV

Europa 2 killed
as ELDO dies

Electronics/May 10, 1973

International newsletter

Italy, if the pace doesn’t slacken, could shortly have one of the largest
cable-TV networks in Europe. On April 16, a company was set up in
Milan to start a cable-TV station covering two sections of the city. This,
however, is just the latest of a rash of projects and operating stations
that have shot up in the last few months. Last July, in Biella, a quiet
textile town in Northern Italy, a former government-station TV director
put out the first programs in what appeared to be a flagrant affront to
the state monopoly of RAI-TV. The town’s magistrate ruled, however,
that cable TV was not competitive broadcasting. It was more in the na-
ture of video newspaper or magazine publishing, and that Article 21 of
the Italian constitution gave it justification. Today, the station, which
uses the call-letters A 21, says that it has 1,200 sets linked up and that
the number is growing. The local legal success of Telebiella led to a de-
sire to set up stations in some 30 Italian cities. However, each station
will have to fight its own legal battles, even though the experience of
Telebiella makes a good legal precedent.

There are two reasons for this sudden development. First come the
political battles over the reform of RAI-TV. Its contract from the govern-
ment expired last year, but the station continues operating on a year-to-
year basis. No political party wishes its demise since it is a powerful
mouthpiece for them, and yet all opposition parties are battling the
hold that the Christian Democrats have on it. The growth of the CATV
stations is a direct measure of the exasperation of political parties, local
and regional interest groups, and businessmen who are unable to get the
amount of advertising time they want on TV. The second element is the
low cost of setting up a station. A spokesman for Telebiella says that a
station can begin operating for an outlay of $35,000, not counting the
cost of cables.

After a long illness, Europe’s joint space launcher organization ELDO
died last week. The Paris-based organization announced it is dropping
plans to carry out the last two scheduled test firings of Europa 2, the
Franco-British-German-Italian launch vehicle that was to give Europe
an independent orbital capability. High costs and a series of abortive
launch attempts caused its downfall. Europa 2 was the last surviving
project of ELDO, which now is being absorbed—along with ESRO, the
satellite development organization—into a new European Space Com-
mand that will deal only in satellites [Electronics, Jan. 4, p. 59}

Future launches will be farmed out to NASA, with the outside possi-
bility of occasional launches by the Russians. Except for the 300 French
and German employees of ELDO who lost their jobs, the biggest blow
comes to the Franco-German Symphonie satellite program, originally
set up as a model of European cooperation to work toward busting the
U.S. lead in orbital communications systems. Symphonie now will
most likely be orbited in 1975 by NASA.

Meanwhile, still determined to see Europe get its own launch capa-
bility, the French are working on the West Germans to pin down a com-
mitment for participation in the development of the L3S rocket, a ve-
hicle that the French have hopes could be operational at a
development cost of $500 million, or about $100 million less than the
Europa 3, which ELDO abandoned at the end of December.
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Siemens readies
green-light
luminescence diodes

300-W transmitter
uses no tubes

South Africa takes
another step
toward color TV

BASF to handle
Mohawk Data Sciences
equipment

International newsletter

With its red- and infrared-light emitters already hot-selling items, Sie-
mens AG is now getting set for large-scale entry into the market for
green-light luminescence diodes. A relative latecomer in this field, the
company says its diodes exhibit an efficiency several times better than
that of devices offered by some other firms. It puts the efficiency for
production-type devices at up to 0.08%, and operating life at more than
100,000 hours before the half-light level is reached.

The Siemens gallium-phosphide green diodes will hit the market
within two to three months and sell at a price “somewhat higher than
that for red-emitting type.” In anticipation of big sales—particularly to
instrument, radio, and camera makers—the company is preparing for
volume production so that orders of 10,000 units and more can be filled
on relatively short terms. They will be available in three versions: as
single devices, of 3- and 5-millimeter diameters, designated the LD37
and LD57, respectively, and as the LD147 linear array with up to 10
diodes. Responsible for high efficiency, Siemens says, is the use of epi-
taxial, instead of diffusion, methods in diode fabrication.

Rohde and Schwarz has unveiled a fully-transistorized 300-watt radio
transmitter, which it believes to be the first tubeless type with this
power level on the market. The ultra-shortwave transmitter occupies
about one third the space of a conventional 360-W version and uses as
key components four BLX15 power transistors, supplied by Valvo
GmbH, a Philips subsidiary. Transistor cooling is by convection. The
new R&S transmitter, priced at about $14,000, will go into operation at
Radio Bavaria in Munich, where it will be used for local broadcasts of
frequency-modulated mono and stereo programs.

The South African government will allow a sixth television manufac-
turing company to be set up in the country. It will join the five com-
panies that received licenses last September to make sets in preparation
for the introduction of the TV-transmission service scheduled to start in
January 1976. The new licensee is a joint venture by the South African
subsidiaries of Thorn Electrical Industries Ltd., Britain’s largest TV set
maker, and ITT. The new company still has to be set up, but most likely
its sets will be engineered by Thorn, using many ITT components.

The other five licensees are South African Philips; Electra Television
Appliances and Partners, which is associated with the U.S. General
Electric Co. and AEG-Telefunken; Barlow Rand, which is associated
with Matsushita and the British TV-program distributor Rediffusion
Ltd.; Tedelex, which is associated with Sony, Blaupunkt, and Bosch;
and Fuchs Electronics and Partners. At the start of broadcasting, there
will be only one television channel, using the PAL color standard devel-
oped by West Germany’s AEG-Telefunken.

West Germany’s BASF and Mohawk Data Sciences Corp., of Utica,
New York, have signed an agreement whereby the German company
will market MDS-made magnetic-tape stores. BASF, which manufactures
magnetic tape, will handle marketing in all countries, except in Japan,
Canada, and the U.S. In its marketing area, BASF anticipates a business
volume of about $5 million during the next two years alone.
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How . . .

MEASURE ANTENNA CHARACTERISTICS
Even in presence of strong interfering signals.

Type SMLU
{2 Watts Output)

Type ZRZ

PROGRAMMABLE - SWEEPABLE - DIRECT READING
REFLECTION & TRANSMISSION TEST SYSTEM

<< Interference
64% field Ep Transmisslon
FEATURES APPLICATIONS
®  Covers 25 — 1000 MHz Freq. En Fe——— L_—[—C m Check two & four terminal
Range __{' lﬁ networks
: L_Z___ . .
8  Measure Reflection DPU Attenuator ® Measure & adjust filters,
Coefficient 0.5% — 100% when En >10 mV diplexers, attenuators, &
® Directivity > 50 dB J ZRZ couplers
o o
® Measure Attenuation 0 — 70 ® Low test voltage (1 mV)on
o o
dB active components such as
®  ZRZ available in 50 £ 60 §2 0 a @ transistors, tuners & amplifiers
or 7582 ® Higher test voltage (I V) for
s Recorder & Oscilloscope Gl m:qsure;nent n
Outputs SMLU Signal generator presence of interference
s BCD Programmable 1 @ ® Ideal for production testing
, - S on cables & CATV
®  Up to 2 Watts output with S 8 installations
ALC from SMLU Py @
®  AM Modulation provided

Get The Extra Capability, RO H D E & S C HWARZ

Greater Reliability, ana 111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 « (201) 773-8010
Longer Useful Life Of ...
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believes there
is o

Today, our capability is the industry’s best. We’re making it better.
AVX is doing something today about tomorrow. We're building a new
addition at Myrtle Beach — substantially increasing our two million a

day capacity. We’re beefing up our capability to help fill the ever-

increasing demand for multi-layer ceramic capacitors.

AVX is refining what is already a proven production process. Computerized control
speeds product off the end of the line. Every conceivable means, including
proprietary mechanization and in-line testing, is used to deliver customer orders
to spec and on time.

AVX believes there is a tomorrow and that’'s why we’re doing so much today. If you
need help with multi-layer ceramic capacitors, ceramic discs, tubular feed-thrus,

chips or ceramic filters, write AVX Ceramics Corporation, P.O. Box 867,
Myrtle Beach, S§.C. 29577 or telephone (803) 448-3191. We’ll help you.

L7 AV/A

THE Ceramic Capacitor Manufacturer
Braintree, MA,
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HP’s Calculator
Aided Design--
Your Answer 10
The High Cost
Of Engineering

New HP calculators and program
software put the advantages of inter-
active modeling right on your desk
top. HP’s calculator aided design is
a tool that enables you to go from
an idealized design to a practical
case as fast as you can enter the
data and read the results. And you
can try a dozen alternatives in less
time than it would take you to
modify a circuit. Use Quine-
McCluskey techniques for logic mini-
mization; do network analysis using
a program similar to ECAP. Have
the power, at your finger tips, to
take a complex transfer function and
quickly realize an actual circuit. See
the results of your design inquiry
graphically pictured on labeled X-Y
plots. It’'s a wide ranging electronic
engineer's design tool that helps you
solve the everyday design problems,
at a cost you can afford.

For example, in filter design,
enter your data into one of our
Series 9820 calculators and let HP's
software program automatically de-



sign your 2-pole active filter. HP’s
X-Y plotter will draw your circuit
schematic, calculate all component
values, label those components, and
plot gain and phase versus fre-

quency—all automatically. Or try
another component value and see
the results of your changes, immedi-
ately. We have other programs for
multiple-pole filter design.

If your job is microwave de-
sign, you'll be interested in the HP
Model 9820 and its accompanying
S-parameter design programs. With
this powerful combination, you’ll
perform microwave circuit design
with more confidence and achieve
better results, in much less time.

For magnetic designers, we offer
transformer design techniques that
have been used and refined for five
years. You'll be amazed when you
watch your Model 9830 print out
both primary and secondary wire
sizes, turns, layers, percent fill,
temperature rise, and all the other
important physical and electrical

characteristics you need to physical-
ly build and test your transformer.
But that’s not all, with another pro-
gram, you can enter your shop
practices and quickly generate a
costed material list with complete
details of time and cost from as-
sembly through final test. This pro-
gram eliminates the most tedious of
tasks, from the time you start on a
quote, through delivery.

Control systems engineers can
really put the advantages of inter-
active design to work. Start with
our Series 9830, enter your pre-
recorded program, key in your par-
ameters, press EXECUTE and per-
form a time domain analysis or find
the root locus of your system. Now
add the plotter and watch the time
waveform of a selected node or
watch the poles and zeroes move as
you change system parameters. With
the 9830 calculator system, it’s hard
to believe that control system analy-
sis and design can be so easy.

If you're designing components, cir-

For a demonstration, circle reader service no. 60
For information, circle reader service no. 61

cuits, networks or systems, there’s
probably an HP calculator program
waiting to make your job easier. So
check into calculator aided design with
HP software: Write or call—

033/4

HEWLETT hp; PACKARD

Sales, Service and support in 172 centers in 65 countries.
Loveland Colorado 80537 Otfices in principal cilies throughout the U §

Hewlett-Packard, P.O. Box 301,

Loveland, Colorado 80537.

[0 Please send me more information on
HP’s Software Programs.

O Please have your nearest calculator field
engineer call for an appointment.

Name.

Title.

Company___ .

Address

City___ )

State Zip

Phone

My application is:

For
Morg —-—
Info



SCHOTTKY ON

Atlast.

Available now,
allinone place.
The whole mix
in Schottky logic-
to match every high
speed TTL functionin
demand today. Signetics
broad line of 74S circuits. Plus our compatible 82S
series of enhanced MSI devices that help Schottky give
you a competitive step-up in speed, in design-ease, in
versatility...and of course, in MSI complexity.

And you get it where you want it, when you want it.
Fast service directly from distributor stock. Signetics
knocks off the waiting list tie-ups, the multi-stop
shopping. After all, how can we encourage you to ,1/
boost system speed by replacing TTL with
Schottky equivalents, if you can't getthe /
circuits to work with? All the parts you need— |
without delays, without runarounds, without
making six calls when one should do the job.

Here’s where Signetics makes the
difference. One call does the job. Completely.

SSI Schottky to cover full function range:

SSI SCHOTTKY 74S TTL

74S00  Quad 2-Input NAND Gate

74503  Quad 2-Input NAND Gate (Open Collector)
74504 Hex-Inverter

74505 Hex - Inverter (Open Collector)

74510  Triple 3-Input NAND Gate

74511 Triple 3-Input Positive AND Gate

74515 Triple 3-Input Positive AND Gate (Open Collector)
74520  Dual 4-Input NAND Gate

74564 4-2-3-2-Input AND/OR/INVERT Gate
74865  4-2-3-2-Input AND/OR/INVERT Gate
74574 Dual D-Type Edge-Triggered Flip-Flop
745112 Dual J-K Edge-Triggered Flip-Fiop

745113 Dual J-K Edge-Triggered Flip-Flop

748114 Dual J-K Edge-Triggered Flip-Flop

74840 Dual 4-Input NAND Buffer

745140 Dual 4-Input NAND Line Driver

62

One-stop TTL shopping for 745 MSI, SS1...

You can make the same cal! encompass MSI too.
Signetics 74S MSI circuits offer the same volume
availability as SSI, as well as the same
total TTL compatibility—pin-for-pin _
fits with standard TTL and low-power
Schottky. Ten MSI devices in stock _
now, with more to be announced in the
next few months.

745151 8-Input Data Selector/Multiplexer
745153 Dual 4-Input-to-1-Line Selector/Multiplexer
745157 Quad 2-Line-to-1-Line Data Selector/Multiplexer
745158 Quad 2-Line-to-1-Line Selector/Multiplexer (Inverting)
745174 Hex D-Type Flip-Flop w/Clear
745175 Quad D-Type Flip-Flop w/Clear
*745181 Arithmetic Logic
*745194 4-Bit Bidirectional Shift Register
*745195 4-Bit Parallel Access Shift Register
745251 8-Input Data Selector/Multiplexer w/tri-state
745253 Dual 4-Input-to-1-Line Selector/Multiplexer w/tri-state
745257 Quad 2-Line-to-1-Line Data Selector/Multiplexer
w/tri-state outputs
745258 Quad 2-Line-to-1-Line Selector/Multiplexer
(Inverting) w/tri-state

*January-February announcement

Complementing 748, Signetics 82S series MSI
circuits offer significant advantages in sophisticated
Schottky systems designs. The conventional TTL input
circuit found in all Schottky logic, other than
Signetics 828, suffers from low input
impedance.

Signetics advanced PNP structure
produces significantly higher input im-
pedance. You candrivefar more devices
from one output since input current is one-fifth that of
standard Schottky inputs. With Signetics 82S MSI you
need not worry about noise when driving long lines
since, in addition to 10 PNP loads, atermination
resistor can be accommodated when needed with-
out fan-out reduction.
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THE DOUBLE.

...and now optimized 825 MSI too.

CONVENTIONAL 74S INPUT

IN (1) = 504

1N (0) = 400,A

The growing line of 828 includes ultra high speed
pin-for-pin replacements for the popular 8200 series
MSI. In addition, the 82590/91 100 MHz counter will
replace the 74196/197, and the 82S70/71 70 MHz shift
register will replace the 74178/179in systems
requiring improved speed performance.

The BCD arithmetic unit 82582 replaces at least six
MSI packages previously needed for the same
function while at the same time operating speed is
improved by afactor of 3. For BCD applications that
only require addition, the 82583 adder will replace three
MSI circuits, and double operating speed. The 82562
parity generator/checker is unsurpassed in speed.

Electronics/May 10, 1973

Of course the 82S MSI line interfaces with 74S logic
directly, operating inthe same design environment as
all 7400 circuitry but with the added advantage of
direct replacement without violating fan-out rules.

SPEED

628&/:1 182 g::nput DlglmlDMulﬁp.l:uxnr A, 15ns
82833/ nput, 4-Bit Digital ; 15ns
82841/42  Quad mmmnm«wgeﬁmp,-ngn 5ns
82S50/52  Binary-to-Octal/BCD-to-Decimal Decoder 12ns
82562 9-Bit Parity Gammwlm 17 ns
B2S66/67 2-Input, 4-Bit Digital Mu g i 15ns
82S70/71 4-Bit Shift Register | 70MHz
82582 BCD c Unit 20 ns
82583 BCD Adder (3AT0 20ns
82890/91 Presettable Decade/Binary Counter 100 MHz

74S5/82S Schottky TTL. Just one call to one of our
distributors, reps or salesmen. And Signetics puts iton
the line. Yourline.

Signetics-Schottky
811 East Arques Avenue
Sunnyvale, California 94086

High speed response requested on Schottky TTL data, specs,
applications and delivery for 74S SSI, 74S MSI and 82S MSI.

Name

Title

Company

Address
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Cinch Dura-Con
0.050" centers

Small. Dependable.
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Now you have an effective source for your micro-
miniature connector needs. Cinch can produce and
deliver these rugged reliable connectors on a
timely basis, with size 24 contacts on 0.050” centers.

These connectors utilize the proven pin-socket
contact system, where the pin, made from a pre-
cision spring cable, is the spring member. The
seven cable strands are fused in a hemispherical
weld, resulting in a strong flexible shock and vibra-
tion resistant contact with assured alignment and
no discontinuities.

The Dura-Con pin is available in five sizes of Dura-

Available.

p

/
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Con D-configurations as well as single row strip
configurations. It can also be supplied in custom
insulators.

The size 24 contacts with 0.050” centers are sup-
plied factory terminated, with pigtail or wire leads.
Size 22 contacts, on 0.075” and 0.100” centers, are
crimp removable.

Cinch Dura-Con Micro-Miniature Connectors are
described in Bulletin PBC-174, available from Cinch
Connectors, an Electronic Components Division of
TRW Inc., 1501 Morse Avenue, Elk Grove Village,
Ilinois 60007, (312) 439-8800 CM-7304

TRW cincH connvecTors
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Probingthenews

Analysis of technology and business developments

TV network has bright future—maybe

Multipoint Distribution Service, using microwave transmission,
to begin tests soon; scheduled broadcasts to start in fall

by William F. Arnold, Aerospace Editor

A new form of metropolitan tele-
communications service that’s
touted in some quarters as the fu-
ture third type of TV network will
begin test-broadcasting soon in
Washington, Houston, Chicago, and
Philadelphia. It’s scheduled to go
into operation in the fall.

Called Multipoint Distribution
Service, the system combines the
features of over-the-air, cable, and
closed-circuit television with point-
to-point microwave transmission.
Wide use is promised in private-net-
work entertainment, medical, and
industrial applications. And keen
interest, if not actual investment, is
shown by the more than 350 license
applications received by the Federal
Communications Commission since
it authorized the new service two
short years ago.

But, amid all the ballyhoo, MDs
also is attracting its share of skepti-
cism. License holders wax enthu-
siastic, but equipment makers are
less thrilled.

“We look at the market as being
very, very wide,” says Paul Taft,
whose Taft Broadcasting Co. in
Houston and Dallas staked out the
first licenses. “The market is diffi-
cult to predict at the moment,” Jo-
seph J. Pomparelli, national sales
manager for Varian Associates’ Mi-
cro-Link in Beverly, Mass., cau-
tiously observes. “It will be a nice
market but not a windfall,” predicts
Steve Koppelman, marketing vice
president for Electronics, Missiles
and Communications Inc., White
Haven, Penn., chief Varian competi-
tor for the MDS market. He charges
that there have been “exaggerated
claims for the market” and asserts
that “the industry itself is guilty of
drumming up manufacturers’ inter-
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est in order to drive the prices
down.”

Essentially, MDS is an omnidi-
rectional closed-circuit real-time
television system, in which a central
transmitter broadcasts line-of-sight
microwave signals to receivers
within a 25-mile radius. The master
antenna-receivers relay the signals
through a building’s internal cable
system to individual TV sets [Elec-
tronics, Dec. 4, 1972, p. 44]. In trans-
mitting, the a-m video and fm aural
signals go through an up-converter
and local oscillator to step them up
to the 2,150-megahertz MDS fre-
quency, explains Varian’s Pompa-
relli. In receiving, the signals are
down-converted and decoded be-
fore transmission to a TV set.

Pomparelli says “ballpark fig-
ures” for Varian’s transmitter and
receiver are $15,000 and $800, re-
spectively, while EMCI’'s Koppelman
says his prices will be $13,500 and
$800. A key element in MDS systems
are the encoder-decoders that pre-
vent broadcasts from being pirated.

Working on these are Athena Ca-
blevision; Laser Link Corp., and
Reach Communications. Also pro-
ducing equipment for multipoint
service are International Video
Corp., Tektronix, and the Andrew
Corp.

MDS came about when Varian,
seeking a new market for its equip-
ment in the not hugely successful in-
structional-television  fixed-service
(2,500-kilohertz) market, searched
the FCC regulations for an unused
radio spectrum and found it. Varian
petitioned the FCC, which without
fanfare enlarged the bandwidth to
10 MHz from 3.5 MHz in the 2,150-
MHz range, allowing 6 MHz for
eventual colorcasting and 3.5 MHz
for data transmission.

Monopolies. But, unsure of the
demand for MDS, the commission
allocated only one license per met-
ropolitan area, thus creating a
monopoly situation. As word got
out, the stampede was on with TV
station owners, audiovisual com-
panies, radio dispatch firms, and

From here to there. Schematic of typical MDS layout. Each receiving station would have

parabolic dish antenna 2 to 6 feet in diameter. A decoder unit would activate receivers for
which signal is intended, but signal must be converted to broadcast spectrum to be seen.
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more traditional communications
companies—including Cox Cable,
Datran, and Newhouse Publishing—
clamoring for licenses.

Although Taft got the first license,
prime mover for MDS service is the
New York-based Microband organi-
zation, which as Microband Corp.
of America holds exclusive broad-
casting licenses in many major
cities, among them New York and
Washington, and as Microband Na-
tional Systems Inc. controls the pro-
gram time in about 200 of the top
metropolitan markets.

And it is Microband’s Washing-
ton station where MDS probably will
receive its first big test. Motorola,
which has options with Microband
for four hours of prime time enter-
tainment in 50 major cities, soon
will begin evaluating the concept for
motel and hotel rental viewing.
Wells National Services Inc. of New
York, which holds Tv rental fran-
chises in 600 major hospitals across
the country, will test the MDS con-
cept in D.C.-area hospitals “in late
summer or early fall,” says Arnold
Wells, president.

Motorola, whose officials say that
“MDS represents about the cheapest
and fastest way yet until cable
comes along,” eyes a lucrative enter-
tainment market providing movies
and perhaps live entertainment to
hotel and motel guests on a vari-
ation of pay Tv. It has created an in-
stitutional electronics unit cutting
across divisional lines to explore the
idea, with the possibility of getting
into data transmission and produc-
ing its own equipment, including
collection boxes atop the Tv sets.

Arnold Wells sees the Washing-
ton operation as the possible fore-
runner to “providing health infor-
mation and medical information on
a continuous basis for doctors, med-
ical people, paramedical personnel,
and patients.” But, “it takes time as
it’s a whole new way to distribute
information,” he adds. Rumors per-
sist that an automaker also is about
to buy time to broadcast sales and
service training information.

Of course, it remains to be seen
where the MDS market really goes.
Mark Foster, Microband’s national
system president, says that beyond
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entertainment and medicine a “big-
ger potential” is in retailing, where,
for example, a chain store mer-
chandiser could use MDs for data
exchange, sales pep talks, and
executive meetings. Paul Taft avers
that the “real sales potential is in
training programs.”

Nationwide. A potential national
network intrigues many. Taft be-
lieves the network will come into
being, but “the number of cities that
will have to become interconnected
will take a whole hell of a lot of line
cost.” Foster says that the domestic
satellite system now aborning,
coupled with low-cost ground sta-
tions, will give MDS a boost. Others
predict that an MDs-domsat combi-
nation may be the direction cable
and pay Tv will take.

A factor that should influence the
market is the FCC, which *has no in-
tention of promulgating a monop-
oly,” according to. W. Randolph
Young, chief of tfé' microwave
branch. The commission hopes to
complete by June its proposed rule-
making creating a second MDS
channel in the 50 largest cities, he
says. The proposed channel will be
the next one up—2,156 to 2,162
MHz, or 2,163 MHz if there’s a 1-MHz
separation. The channel has been
under consideration for a year, but
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technical problems presented by
having adjacent channels in the
same city, compounded by industry
comments “which were less than we
had hoped for,” slowed work. At
any rate, the FCC already has stated
that it won’t give any applicant
more than 6 MHz out of the 10 MHz
now available in any area.

How much MDS equipment can
be sold is conjectural. Foster says
that the “big market is in receivers
and decoders since there’ll be one to
a set.” He adds that “studies show a
substantial market for equipment,”
amounting to $50 million by 1975
and 1976. EMCI's Koppelman, in
predicting a sales top of 4,000 re-
ceivers over the next four years,
points out, however, that the 50th
largest area of the top 200 is Wilkes-
Barre/Scranton. Even a Motorola
official says that in formulating its
plans “we want to guard against
selling our customers a white ele-
phant.”

“What sort of market they find is
anyone’s guess,” comments Young,

since “‘not everyone is serious” in fil-
ing for applications. Alluding to “a
lot of claim-staking in there,” he
adds that “there’s got to be a lot of
people who filed applications just to
see what happens—but that’s just
my opinion.” O
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Now see this. Mark Foster, president of Microband National Systems steps before cameras.
He foresees impetus for MDS coming from a U.S. domestic communications satellite.
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the New BUSS"® SN P'L”CK

Rear Panel Mounted FUSEHOLDERS

Easy...
Quick. ..

Time Saving . . .
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The new BUSS fuseholder with special “SNAP-LOCK"
feature is quick and easy to install. It saves time
because the fuseholder can be pre-wired and
“snapped” quickly into place from rear of panel. A
fastening nut is eliminated because the “SNAP-LOCK”
feature securely holds the fuseholder in place.

The fuseholder with “SNAP-LOCK” feature is simply
installed by pushing it into panel from rear side.
“SNAP-LOCK"” firgers engage edge of hole in panel
and lock holder securely in place.

The new BUSS “SNAP-LOCK” fuseholder can be used
in panels .025 to .085 inch thick. (See recommended
mounting hole in dimensions below).

The BUSS “SNAP-LOCK” feature is available on the
following BUSS {fuseholders:

to take Yax1%s inch fuses:
Symbol HTA-00, Space Saver, extends just 1 in. behind
panel.
HTA-00 Fuseholder-actual size Symbol HLD-00, Visual Indicating Fuseholder.
Symbol HKP-00, Standard Fuseholder.

ta take Yax1 inch fuses:
Symbol HJM-00, Standard Fuseholder.

e % MAX.|~ WITH FUSZ INSTALLED

All are available with quick
connect terminals, if so desired.

MOUNTING HOLE

.810
820

BUSSMANN MFG. DIVISION
Mchu Edison Company
Louis, Mo. 63107
Malers o/ a fidl line of Electric Fuses

BBO
890

SUPPLIED THE ECONO!
FOR PANELS .025 085 THICK picrAd el Rl
RECOMMENDED MOUNTING HOLE FOR
ALL HOLDERS WITH SNAP-LOCK FEATURE
Dimensions of HTA 00 holder
When tooling up for mounting get latest blueprint.
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Companies

Power from transistors

Communications Transistor Corp. started in 1969, has half
the market for power devices in mobile communications

by George Sideris, San Francisco bureau manager

Inside one of the world’s largest
power-tube plants, a small semicon-
ductor company—Communications
Transistor Corp.—is eating away at
its host’s business. CTC makes radio-
frequency power transistors with
ratings into hundreds of watts—us-
ing the chemical plumbing, power
buses, and other support facilities of
Varian Associates’ Eimac grid-tube
plant at San Carlos, Calif.

Yet Varian is not alarmed by the
situation—because CTC is an affil-
iate. Shortly after CTC was founded
in 1969, Varian bought a large block
of preferred stock and offered CTC
room and board. However, CTC is
legally an independent corporation,
says Thomas Ciochetti, the firm’s
president. He says Varian continues
to nurture his company because it
has been highly profitable from its
inception.

The nearly 100 transistors in
CTC’s catalog no doubt are a worry
to other tube manufacturers. Those
in production now operate at a min-
imum of 60 watts in the 225-400-
megahertz band and at up to 200 w
at the low end of the mobile-com-
munications spectrum. Next on the
schedule is one that dissipates 400-
w peaks and 150-w continuous out-
puts at 80 MHz. Being developed are
100-400-w transistors for the
225-400-MHz band.

Big boy. The 400-w chip is dub-
bed Huge Huey. Measuring a giant
180 by 266 mils, the chip will be
produced as soon as a package big
enough to handle it is developed.
Worked into the metalization pat-
tern along with 24 base areas and
960 emitter fingers is a picture of a
hungry monster and the legend,
“San Carlos amp eater.,” Huge
Huey draws up to 20 amperes.

68

Moreover, like most CTC transistors,
the device is designed to withstand
an infinite mismatch, so that it can
be paralleled safely in higher-power
combinations.

CTC commands half the mobile-
communications market for power
transistors, including a major share
of the sockets in land-mobile sets
made by Motorola, RCA, and Gen-
eral Electric. But Ciochetti keeps the
sales figures private, saying only
that they tripled last year and that
CTC’s regular customer rolls now in-
clude 25 large and about 100 small
communications-equipment com-
panies.

Big average price. The orders
aren’t large, compared with those
for small-signal transistors, but the
average selling price is—a big cus-
tomer is one that orders 1,000-unit
lots and a small one may want only
100 a year, and many of the stock
parts in the catalog cost from $25 to
$150. Big or small, most of the cus-
tomers want transistors with special
characteristics or packages. CTC sec-
ond-sources some low-power types,
but the majority of its products are
sole-source and prime-source parts.
As a result, Ciochetti estimates, 60%
of his business is in “specials.”

Ciochetti quit a job as manager of
five product lines at Fairchild Semi-
conductor division to start his tran-
sistor-catering business. He says he
did so at the urging of some Fair-
child customers who had unfilled
needs for small lots of special tran-
sistors. “Big companies aren’t orga-
nized to handle such orders,” he
contends.

Leaving Fairchild with him were
Robert Reber, head of the power-
transistor line, and Thomas Mou-
toux, applications engineering man-

TR TSy

Assembly. 80-W, 100 to 200 MHz power
transistor, MOS capacitor, an RLC network.

ager for the line. They became CTC
vice presidents for production and
engineering,

“We weren’t just another Fair-
child spin-off,” Ciochetti asserts.
“We wanted only that small seg-
ment of the transistor market the
big houses were not servicing.” The
firm is still relatively small: its 80
employees occupy a 20,000-square-
foot “cocoon” surrounded by some
800 Eimac workers.

All chip layouts are designed by
radio engineers because semicon-
ductor designers might not recog-
nize the subtle pitfalls of rf design.
For example, Ciochetti says, a semi-
conductor designer wants to “im-
prove specs,” perhaps not realizing
that a minor increase in power gain
could cause a customer’s amplifier
to oscillate.

To ease their tasks, Moutoux’s en-
gineers often use proven transistor
patterns as cells, as LSI-array design-
ers do. Four 10-w designs may be
paralleled, for example, to make an
80-w chip—Huge Huey was born
this way. More typical is the new
C2M60-28 (2N6439) composed of
16 base areas with nearly 100 emit-
ter fingers in each area. A large-
scale array of some 1,500 npn silicon
transistors, the chip measures nearly
100 by 200 mils. It provides a min-
imum of 60 W at 225-400-MHz.

Narrow fingers. Such transistors
would be much larger if CTC had
not developed methods of etching
emitter fingers as narrow as 1 micro-
meter and 0.5 micrometer. The stan-
dard for less-complex chips, 2-mi-
crometer lines in 4-micrometer
windows, is tighter than most LSI
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Movers. Above, Thomas Ciochetti, CTC president; top right, Thomas Moutoux, vice presi-
dent of engineering and development; and Robert Reber, vice president, manufacturing,

manufacturers use, Reber notes.
Emitter diffusion depths are con-
trolled to +0.1 micrometer, he adds.

Such precise work is based on
proprietary techniques. Wafers are
etched in a circuit that quenches the
etch when sample transistors on the
wafer are operating properly. A dig-
itally controlled technique deposits
aluminum-silicon-copper alloy.

The alloy-deposition technique
took 18 months to develop. Adding
silicon to the aluminum, a technique
IBM developed, keeps the aluminum
from eating away the underlying
silicon and wrecking the diffusion-
depth tolerance. Reber says that he
knows of no other company that
adds copper, however. The copper
prevents the narrow lines from mi-
grating to a lump at one end of the
chip in high-power operation.

Dense currents. The 0.5-micro-
meter lines must withstand current
densities of 100,000 to 1 million am-
peres per square centimeter of cross-
section. When an aluminum-silicon
alloy was tried, the lines migrated in
100 to 200 hours in stress tests at
500,000 A per square centimeter at
325°C. After 10% copper was added
to the alloy, the lines withstood the
stress for 5,000 hours. That, says Re-
ber, represents 20 to 40 years of nor-
mal operation.

Most chips go into specially made
packages that are thickly plated
with gold wherever conductivity is
required. “We pay more for our
packages than anyone in the indus-
try,” Reber claims. He also claims
that CTC is the first to put power
transistors in epoxy-sealed ceramic
packages. Both TRW Inc. and
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Hughes Aircraft Corp. have verified
that the seals meet military hermetic
specifications, he says.

The assemblies are designed for
“infinite VSWR”—the ability to with-
stand mismatches causing a volt-
age/standing-wave ratio of 30:1.
This prevents the transistors from
burning out.

Custom matching networks are
built into each transistor assembly
by adding an MOS capacitor chip
and connecting it to the transistor
chip with stiff, arched, aluminum-
silicon wire. MOS chips were first
used by TRW to raise power-transis-
tor input impedance. A big chip like
the C2M60-28 has such low imped-
ance that it looks like a short in the
circuit unless an input impedance
transformer, such as a MOS capaci-
tor, is used.

The wires are connected to each
cell on the chip. A special stitch-
bonding machine varies the length,
positioning, and height of the
arched wires, thus varying the resist-
ance and inductance of the RLC
network.

Tough testing. Final tests are
made in an amplifier circuit fixed-
tuned to the customer’s specifica-
tions. Tweaking-in transistors is now
allowed, says Reber, because the
customer might then have to tweak-
in his own circuit. Also, maximum
current stress is applied to heat the
transistor before the voltage-break-
down stress is applied. Reber calls
these procedures unique.

CTC designers try out transistors
in passive networks to develop
matched sets. Reber says that CTC is
considering packaging the most use-

R
Huge Huey. This is the 70-MHz, 300-W

power transistor on a chip 266 mils long.
There are 960 emitters in the transistor.

ful chip-network combinations as
hybrid-IC power modules. Then,
customers could simply plug in
gain-stage components and leave
the subtler details for CTC to work
out. It would be more like ordering
a combination dinner from a Chi-
nese restaurant than using an 2 la
carte menu. O
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Automotive electronics

Truck-brake controls set to roll

Federal requirement for shorter stopping distances on heavy rigs

is expected to add up to a possibie $100 million annual market

by Alfred Rosenblatt, New York bureau manager

While electronics in passenger cars
gathers most of the publicity, a
promising market for electronics in
heavy-duty trucks is about to
bloom. The spur is the Department
of Transportation requirement that
braking systems appreciably shorten
the stopping distance of air-brake
trucks on both dry and wet road-
ways.

And although Motor Vehicle
Safety Standard 121 makes no men-
tion of electronics, experts agree the
job can be done only with some
form of electronic skid-control or
anti-wheel-lock system. At stake: a
market that—when the standard
goes into effect on Sept. 1, 1974, for
1975 models—could reach $100 mil-
lion yearly.

As many as a dozen companies
are competing for the business.
Among them are Rockwell-Stan-
dard division of Rockwell Inter-
national, Detroit; Bendix-West-
inghouse’s Air Brake division,
Elyria, Ohio; Eaton Corp.’s Brake
division, Southfield, Mich.; Wagner
Electric Corp.’s Automotive Prod-
ucts division, Newark, N.J.; Kelsey-
Hayes Corp., Romulus, Mich., and
B.F. Goodrich Co., Troy, Mich. And
in Europe, Fiat, Daimler-Benz,
Robert Bosch, and others are exper-
imenting. The decisions as to which
systems the truck builders will buy
must be made within weeks or
months if the suppliers are to be
able to tool up in time to meet pro-
duction deadlines.

Kelsey-Hayes may have the big-
gest lead—it already has some 5,000
of its Computer Brake Control axle
sets installed as optional equipment.
Other companies number their in-
stalled systems in the hundreds.

Of the various adaptive-braking
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designs known to be in develop-
ment, only one uses an all-digital
technique—implemented with the
metal-oxide-semiconductor, large-
scale-integration technology. This is
Rockwell-Standard’s Skid-Trol sys-
tem, designed with the close cooper-
ation of the Rockwell Micro-
electronics division, Anaheim,
Calif., a longtime supplier of MOS
LsI calculator chips.

The other designs range from the
strictly analog Eaton system to com-
binations of analog and digital pro-
cessing, such as used by Bendix-
Westinghouse. The analog designs
may seem old-fashioned to the tech-
nology-conscious electronics indus-
try, but to truck builders they may
make sense.

“An analog system is easier to
change during the development
stage,” explains D. Dean Forester,
assistant chief engineer for General
Motors® GMC Truck and Coach divi-
sion in Pontiac, Mich. “With a cus-

tom design, integrated in silicon,
you must be absolutely right before
you lock in.” What’s more, he con-
tinues, “anything as new as this
should have the opportunity for fur-
ther development even for several
years after we go into production.”

However, Earl H. Schaefer, Skid-
Trol program manager, points out
that it’s not at all difficult to change
capabilities with his digital 1C de-
sign. It can be done simply by
changing the programing of the
MOS chip’s read-only memory. As
many as 800 decisions can be han-
dled on the chip, he says.

On the job. Regardless of how the
systems are implemented, however,
they all perform the same functions.
Generally some sort of electro-
magnetic pickup on each wheel
senses speed, a ‘“computer” deter-
mines whether safe operating condi-
tions are being met, and a controller
opens or closes the brake’s air line.
One such set of electronics is used

Stopping standard spells it out

Impetus for the installation of anti-skid or adaptive-braking systems comes
from Motor Vehicle Safety Standard 121 issued by the Department of Trans-
portation's National Highway Traffic Safety Administration. It's the first Fed-
eral regulation setting performance requirements for new vehicles using air
brakes. Thus, generally speaking, it applies to trucks, buses, and trailers
with a gross vehicle weight of 19,500 pounds and more. Hydraulic braking
systems also used on such big vehicles are unaffected by the standard.

Nowhere does the standard mention anti-skid devices specifically.
Rather, it spells out the stopping distances and calls for straight-line stops
with a minimum of side-to-side motion. These requirements can be met, ve-
hicle manufacturers agree, with some form of electronic anti-skid system,
as well as by beefing up the brakes themselves.

The requirements are that a vehicle going at 20 miles per hour must stop
within 33 feet on dry pavement, 54 feet on wet. At 60 mph, the dry-pave-
ment stopping distance is 345 feet. There's no specification for stopping at
60 mph on wet pavement because the traffic-safety agency has no test fa-
cility where that performance can be measured safely. At all speeds, the ve-
hicle must keep within a 12-foot lane.
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AILTECH RF Power Signal Sources provide more pcwer at
every frequency than any comparable instrument around.
Power for susceptibility testing to Mil Std 461/462; power
for pattern measurements and VSWR tests of antennas;
power for the testing of RF Power Transistors and for RF
wattmeter calioration; power for the researcher for NMR,
plasma and related investigations.

Covering the coniplete 0.01 to 2500MHz range, there's
Model 445 VHF-UHF Power Oscillator. Features include
plug-in heads for eight frequency ranges, positive no-load
protection, and power outputs to 50 watts with fuil Aiv and
FM capability. The most versatile power source available,

with direct frequency readout, single dial control and mon-
itoring of both forward and reflected power.

For broad frequency coverage, from 200MHz to
8000MHz, we offer Models 125 and 126. Model 125 has CW
power availeble as high as 90 watts with continuous adjust-
ment of power to 30dB below maximum. Model 126 covers
all S- and C-bands from 2 to 8GHz in a single range.

For any application that requires power — stable, abun-
dant power — there’s an AILTECH Power Signal Source.
Write today for the complete story or for a really powerfut
argument, ask for a demo.

PART OF THE GOLD LINE SERIES FROM ALI ECH

EAST COAST OPERATION » 815 BROADHOLLOW ROAD ¢ FARMINGDALE, NEW YOFK 11735 » TELEPHONE: (516) 595-6471 ¢ TWX: 51D-224-6558
WEST COAST OPERATION « 19535 EAST WALNUT DRIVE « CITY OF INDUSTRY, CA. 91748 » TELEPHONE: (213) 965-4911 » TWX: 91D-584-1811
Crowthorne, Berks, England (Crowthome 5777) < 92 Gennevilllers, Paris, France (733.72.20) « Munich, West Germany (0811) 5233023

A CUTLER-HAMMER COMPANY
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on cach truck axle, controlling the
both sets of wheels.

If a wheel begins to slide over a
slick road surface and lock up be-
cause of excessive braking. indi-
cated by excessive deceleration. the
computer opens the valve in short
pulses to “pump” the brakes until

the wheel *“catches” again, and trac-
tion is restored. The systems also
generally incorporate a self-check-
ing function and a display box in
the truck cab to indicate whether it
is operating faultlessly.

Rockwell’s computer is based on
a microprogramed variation of one
of its single-chip calculator circuits.
However, its read-only memory is
mask-programed in production to

Most discussions concerning the use of custom
CMOS/LSI circuits acknowledge the obvious technical
advantages of this approach to implementing complex
systems—things like low power requirements, high
noise immunity and fanout, good transfer characteristics
and the ease of logic simulation.

What many people overlook, however, is the dramatic
cost saving often realized by employing custom

CMOS in place of multiple-package systems using
conventional logic circuits. The fact is this: one of the
most significant advantages of custom CMOS/LSI is its
ability to shrink system costs—even in moderate
production volumes.

We've just published a Cost Analysis File on just this
subject. In it are four detailed examples of specific
systems in which dramatic savings resulted from the use
of CMOS/LS!. One example explains how a single
CMOS circuit replaced a 21-package logic system and
saved the customer over $200,000 on a run of only
4500 units. Another shows why CMOS/LSI is competitive
even with today's very low TTL prices.

A copy of this publication may help you understand
more about the very real cost advantages of the
technology. To get one, circle reader service
number 245.

We can help.

You should know
about the real
cost advantages

of custom CMOS.

MICRO POWER SYSTEMS

3100 Alfred Street, Santa Clara, California 95050
TECHNICAL REPRESENTATIVES IN EUROPE AND THE FAR EAST

Telephone (408) 247-5350

perform the braking functions. In
addition, the system contains an ac-
curate clock controlled by an inex-
pensive 3.6-megahertz quartz crystal
for time and rate control. Dividers
provide the required clock pulses.

Eaton’s analog system, on the
other hand, relies largely on discrete
components. The alternating signal
picked up by each wheel sensor is
converted to a dc level, which 1is
then processed with operational-
amplifier circuitry.

Engineering manager Mack Law-
rence, like GMC's Forester, values
the analog approach during the de-
velopment phase because “changes
can be made easily.” In addition,
he's “a little skeptical” about the
ability of semiconductor suppliers to
make “economically”” a large quan-
tity of custom digital iCs with the
reliability needed.

In fact, he is pretty caustic about
semiconductor reliability. “They’ve
been making off-the-shelf oper-
ational amplifiers for years, and
they still can’t make them reliable
enough,” he declares. And he is also
concerned about the tough noise en-
vironment the systems must operate
in. A digital system, he feels, may be
much more susceptible to noise.

Somewhere between the Rock-
well and Eaton systems is Bendix-
Westinghouse’s. Digital circuits are
used for a mode-selection section,
which sets certain operation param-
eters based on such factors as ve-
hicle load and road conditions, ac-
cording to engineering manager
Ralph W. Rothfusz. Signal process-
ing is basically analog with some
custom IC op-amp and speed-pro-
cessing circuits. “We picked areas
where we wouldn’t be hurt too
much if changes must be made,
Rothfusz says. “The functions being
performed by the ICs are really
pretty basic.”

But once their designs are frozen
and committed to production, both
Rothfusz and Lawrence say they’ll
look further into integration. Reduc-
ing costs will, of course, be the main
goal here. Right now, these costs
will bring the price to a truck
builder to anywhere from $100 to
$140 per axle. With 60,000 to 70,000
heavy truck axles on driver tractors
and trailers being turned out each
month, that $100 million market is
easy to estimate. O
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HERMES
LOOP
ANTENNA

THREE SAMPLE SITES
ON THE NORTH AMERICAN
CONTINENT —

DIFFERENT LATITUDES
DIFFERENT CLIMATE

FROBISHER BAY, CANAD

S .

e 5 *L‘,

— - - Ever in the solitude of the forest depths, from rooftops,
MARSHFIELD, MASS. arctic tundra, swamps to sweltering tropics, 'neath snow,

sand orice,

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.

Excellent directional characteristics in rosette
configuration, the Hermes loop antenna provides an
omnidirectional broadband receiving array in space
merely 1/100th that of the traditional antenna farm.

. ) More than 53 government agencies around the world have
& Wl = pressed the loop antenna into service.
NEAR SAN DIEGO, CALIF. A new, even more compact version is available|  2-32MH:
Only Hermes Electronics makes it. BROADBAND

ASK US Send for our Brochure
Hermes Electronics Limited

Suite 315

2020 F Street NW

Washington, DC 20006 USA

202-296 2978

TWX 710 822 1106
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Probing the news

Microwaves

Traveling-wave tubes advance

Upshot of developments—such as pc version and improved magnets

and cathodes—could be stiffer competition for Gunns, Impatts

Next month, Varian Associates
plans to send to the Army Electron-
ics Command a traveling-wave tube
built on a printed-circuit board with
$30 worth of parts, including two
thin-film circuits that replace the he-
lix winding and some 200 other ele-

could drop $50 apiece if production
volume reaches 100,000.

And even as Varian builds its
tubes with planar techniques, other
manufacturers are taking evolu-
tionary approaches in attempts to
make TWTs that cost less and last

Plece offering. These are the parts of the pc-board TWT built by Varian for the military. Two
thin-film circuits replace helix winding as well as other parts of conventional tubes.

ments of a conventional TWT. If the
sample passes muster, Varian in-
tends to produce the tube—and oth-
ers with different printed-circuit
patterns—on an automated line at a
cost of about $100 a copy. Sales
price would be higher.

Compare this with the $1,000 to
$2,000 it costs to make a conven-
‘tional TWT—which has many parts
unique to each tube design—and it
might be concluded that a quiet rev-
olution is building in this microwave
amplifier sector. What such a revo-
lution could do is move TWTs into a
more competitive position with
solid-state microwave sources, such
as Impatt and Gunn diodes, partic-
ularly since Varian estimates cost
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longer. They are working with new
magnets and new cathode designs,
for example, to come up with tubes
that are smaller and need less
power.

At Varian the TWT development
staff, headed by Allen W. Scott, is
confident the tube will meet the
specs set last year by the Army: a
20-decibel signal gain at S band,
with a peak output power of 2 kilo-
watts at an 8% duty cycle. Pro-
totypes of the tube, assembled with
two 10-dB stages, already have
passed tests at Varian’s plant in Palo
Alto, Calif. Scott’s staff was read-
ying in April a production model
with the same patterns printed on
the ceramic walls of a single tube.

The S-band tube will be almost
100 times as powerful, and twice as
big, as the 6-inch-long feasibility
model that won Varian develop-
ment contracts from the Air Force
as well as the Army. The model, not
powerful enough to compete with
transistor amplifiers, exhibited 10-
dB gain at L band but produced out-
puts of only about 22 watts {Elec-
tronics, Dec. 4, 1972, p. 35]. The Air
Force contract, which started this
January, calls for delivery of an
X-band tube with a gain of 30 dB
and peak outputs of 100 w at 10%
duty cycle. S-band tubes with con-
tinuous power ratings of 10 w al-
ready have been made to prove that
the complex patterns needed to at-
tain 30-dB gain can be printed.

In addition, Scott and his staff are
studying techniques of combining
two or more functioning tubes in the
same printed patterns. One of his
more promising ideas is to let one
channel run as a backward-wave os-
cillator and amplify the output of
that stage with a better-behaved
TWT stage. Another is to operate ad-
jacent TWTs at different frequencies
and duty cycles. Neither technique
is expected to present difficult de-
sign problems since the way already
has been opened by the Army and
Air Force tubes, which produce high
gains through mergers of several
microwave interaction structures.

The oscillator-amplifier concept
has been proposed as an expend-
able countermeasures transmitter.
Powered by small battery supplies,
such devices could produce kilo-
watts of broadband noise, or signals
at voltage-controlled frequencies.
Varian suggests they be dropped
from aircraft to confuse enemy fire-
control equipment. They would
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We clamp down fully

on the disadvantages of other displays.
Our digital readouts,

including the extremely lightweight,
mmi-size Multi-Numerical Indicator
with 8,10, and 12 digit readout,

oifer low-voltage.

law-current drain,

and stability advantages over
conventional displays.

All have eye-easy phosptorescent
segments with digits on a single-plane
for optimal visibility

under ambient light.

It’s a natural green glow,

so soft and clear you can see

it across the room.

But the best comes last:

They’re competively priced

for all modern applications

in calculators,

digital clocks, voltmeters and counters,
and a host of others.

Count on us.
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The Brighter Side of Electronics

ISE ELECTRONICS CORP.

2.0 Box 456 Ise City, Mie. Japan Tel: 05963-5-2121

Internationafl Div.

ISE INTERNATIONAL CORP.

Shirbashi Kokusai Bldg.

No. 7-7-2, Higashi Shinhushi Minato-ku, Tokyo, .Iapan
Tel: 433-6618 Catle: Iseworldrep

Telex: 126546 Iseirter

USA Sole Distributor

LEG] ELECTRONICS CORP.

1472 West 178th Street, Gacdena California 90248
Tel: (213) 532-0470, 0471
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burn out in a few minutes and
smash to pieces when they hit the
ground, but by then the plane that
dropped them would be miles away.

It was the prospect of being able
to buy cheap tubes by the tens of
thousands for expendable systems
that spurred the military interest in
Varian’s novel design, says John
Gibon, R&D product manager of the
firm’s TWT division.

Evolution. Most of Varian’s com-
petitors appear willing, for the time
being, to concentrate on evolutio-
nary improvements in TWTs. In Palo
Alto, Calif., Watkins-Johnson Co. is
empbhasizing development of solid-
state amplifiers operating through
Ku band—12 to 18 GHz. The com-
pany has developed a C-band de-
vice that operates at 4.8 GHz, and is
now developing amplifiers in the
7-12-GHz band, some of them un-
der military contracts.

The company also has revived the
depressed-collector technique, com-
bined it with periodic-permanent
magnet focusing and shadow grids,
and come up with a half-dozen
broadband tubes for counter-
measure applications. And RCA, us-
ing samarium-cobalt magnets, has
built three tubes covering 2 to 18
GHz with 30 W of power.

One of the major TWT developers
is Hughes Aircraft’s Electron Dy-
namics division in Torrance, Calif.
Work is under way there to improve
the efficiency of TWTs for smaller,
more powerful airborne devices by
optimizing conventional design
methods. Results are impressive. At
X band, using a single-stage de-
pressed collector and an improved
method of controlling the beam by
focusing with a periodic permanent
magnet, developmental tubes have
exhibited an over-all efficiency of
50%.

&
‘ \."

From France. This traveling-wave tube from
Thomson-CSF features a waveguide output.
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Thomson-csF, the top French
producer of nonconsumer electron-
ics hardware, has put evolutionary
improvements together in its 20-w

tubes for satellite communications |

transponders. These tubes operate
at 12 GHz and should have a life of
at least seven years in orbit.

Daniel Maillart, microwave tubes
sales manager for Thomson-CSF,
points out three kingpin improve-
ments that make 20-w operation
possible at K-band frequencies.
First, because cathode loading be-
comes too high under these condi-
tions for ordinary coated cathodes,
Thomson uses impregnated cath-
odes—sintered tungsten impreg-
nated with alumina. Their life ex-
pectancy is more than 200,000
hours. Second, the helix has a
double taper, with variable pitch, at
both the gun end and the collector
end; the gun-end taper helps meet
tight specifications for fine gain and
for phase shift between input and
output signals, while the taper at the
collector end helps increase effi-
ciency. But the most dramatic de-
sign difference from earlier tubes is
a three-stage collector, which is
largely credited for a boost in TWT
efficiency to 40% from 28%.

Wider bands. In Britain, EMI-
Varian Ltd., a jointly owned subsid-
iary of Varian and EMI Electronics,
is working to increase bandwidth in
powerful tubes with output up to 5
megawatts. Researchers expect to
have working tubes in about 18
months. Also, for about a year the
company has been making TWTSs in
which the cathode has a mean cur-
rent loading in excess of about 100
milliamperes per square centimeter
and also incorporates a technique
that’s claimed to increase cathode
life by three or four times.

Another British manufacturer,
GEC Telecommunications Ltd., 1is
building equipment for MC1 Com-
munications Corp.s planned U.S.
microwave links. For this equip-
ment M-O Valve Co. has developed
a 10-w C-band tube with expected
life of 50,000 hours, compared to
the 200,000-hour average usually
achieved with established tube de-
signs, M-O says. Long life has been
obtained by cutting cathode current
density to about 50 mA per square
centimeter, which is about a quarter
of the figure for the older tubes. [

CANNON
DISTRIBUTORS

ARE

INNOVATIVE,
TOO.

CALL THEM.

ALABAMA
Hall-Mark Electronics
Cor

Huntsville
205/539-0691

ARIZONA
Liberty Electronics/
Arizona
Phoenix
602/264-4438

CALIFORNIA

Kierulff Electronics, Inc
Los Angeles
213/685-5511

Kierulff Electronics, Inc

Liberty Electronics
El Segundo
213/322-8100
Richey Electronics, Inc
Sun valle
213/875-2862
Time Electronics
West, Inc.
Inglewood
213/673-5900
Western Radio/
Liberty
San Diego
714/2356571

COLORADO

Cramer Electronics, Inc
Denver
303/758-2100

CONNECTICUT
A.S.1/Connector
Corporation of
America
New Haven
203/624-0127
FLORIDA
Hall-Mark Electronics

Corp
Orlando
305/855-4020

GEORGIA

Electro Air Corp.
Atlanta
404/351-3545

ILLINOIS

Cramer Electronics, Inc
Mt. Prospect
312/593-0230

Radio Distributing

Company, Inc

Chicago
312/237-1105
INDIANA

Radio Distributing
Company, inc.

South Bend
219/287-2911

KANSAS
gall—Mark Electronics

Lenexa
913/888-4747

MARYLAND

Schweber Electronics
Rockville
301/881-2970

MASSACHUSETTS

Cramer Electronics, Inc
Newton
617/969-7700

Schweber Electronics

Waltham
617/891-8484

Time Electronics/

New England
Woburn
817/935-8080

MINNESOTA
Cramer/Bonn
Minneapolis
6812/941-2770
MISSOURI
Hall-Mark Electronics
Corp.
St. Louis
314/521-3800
NEW JERSEY
AS./Resco
Electronics
Pennsauken
609/662-4000

NEW MEXICO

Cramer Electronics, Inc
Albuguerque
505/265-5767

NEW YORK

A.S.1/Progress

Electronics Co,, Inc
Plainview, L.
516/433-1700

Schweber Electronics
Westbury, L.I.
516/334-7474

Summit Distributors, Inc
Buffalo
716/884-3450

Time Electronic Sales
Hauppauge, L1.
518/273-0100

OHIO

Radio Distributing

Company, Inc.
Cleveland
216/

OKLAHOMA
Hall-Mark Electronics
Corp
Tulsa
918/835-8458
PENNSYLVANIA
Aercon. Inc.
Clifton Heights
215/622-2500
Philadelphia
Electronics, Inc.
Philadelphia
215/568-7444

TEXAS
Hall-Mark Electronics
Corp.
Dallas
214/231-5101
Hall-Mark Electronics
Corp.
Houston
715/781-6100
Harrison Equipment
Co,, Inc.
Houston
713/224-9131
Kieruiff— Dallas
arland
214/2-24M
UTAH
Cramer Electronics, Inc
Sait Lake City
801/487-3681

WASHINGTON

Kierulff Electronics, inc
Seattle
206/763-1550

WISCONSIN

Cramer Electronics, Inc

Milwaukee
414/462-8300
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JOHNSON INSISTS ON CANNON BURGUN-D
CONNECTORS. POINTS TO UNIVERSALITY,

& COST SAVINGS.
AGEMENT RECOILS.

g«, MAN

w—~f\ A

“IF IT DOES A LOT, IT COSTS
A LOT; they chorus.

Jonhnson understood: “You keep trans-
lating uriversality into aerospace over-
engineering. That's the wrong message.
What happened was that Cannon just took
its aerosoace experiise and put it into a
low-cost crimp contact connector that
works with stranded or solid wire, flex
circuits, oc boards or what have you''

That mollifiec them a little but they still
balked at linking Cannon with low cost.
Johnsonpressedon “Lowcostinacouple
of ways. First, we can bulk-buy Burgun-D
connactors, yet still tailor them to our
applications with Cannon's variety of
connectors and accessories. That saves

inventary cash and record keeping. Then

there's Cannon's auiomatic
strip-and-crimp

machine. '

‘We thought
ours was AMPle; they complained.
Johnson chuckled: “it is, if you enjoy hand
operations or straightening twisted pairs
and adjusting for jacket thickness. But
seriously, Cannon's strip-and-crimp
machine takes twisted pairs, jacketed
cable ard hard-coated wire, handles up to
four gage sizes at a single setting and lets
one operator terminate about 10,000 con-
tacts per shift. See what | mean?”

Now Johnson could have laid the weric-
wide availability of Burgun-D on them,
_and the machine leasing deal that pays
= for itself many times cver, but why bother?
They got the message. Did your manage-
ment? Try it on them. It could be more
than just amply rewarding.

Start by writing for our free catalog
ITT Cannon Electric, Inter-
national Tele- ~ f '] -
phone and A 4"
Telegraph . 4
Corpora-
tion, 666
E Dyer Road,

SantaAna,
CA92702.
Phone (714)
557-4700.

Europeun faciliies in Brussel. Belgium, Basingstoke Hm!s England Toulous+, Fance, 7056 Beutel hach 'R, Ge r'rany Milano, Italy cAN NON ITT
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Hal'mis

Here are the
eight latest o

a dltlons to Dual 4 NOR Gate
our DI/CMOS
family--

the fastest
low-power
logic devices
on the market.
And they’re

fr ee Of SC ~55°Cto +125°C $3.40

latch-up
p rObI e m S . gtll)afggaplementary Pair

Last fall we introduced our first eight Plus Inverter

DI/CMOS logic devices.* Now,
through our continuing development
program, we've added eight more.
Like the first group, these offer speeds
twice as fast as any comparable IC's
(typically 10ns with 10-volt power
supplies) and extremely low power
dissipation. Power dissipation for
each of the eight new devices is
typically InW. These units also permit
a wide power supply range (3VDC to
18VDC), while providing large noise
immunity—typically 45% of supply
voltage. And because of our dielectric
isolation process, SCR latch-up
problems are completely eliminated.
Chip reliability is currently

reported at more than 325,000 device  pjp for pin compatible with CD-4007A.

hours at -+125°C without failure. 100-999 units
The first six devices ) 40°C to +85°C $1.00
diagrammed here (HD-4000 series) 55°C to + 125°C $2.65

are pin for pin compatible with the

CD-4000A series. The last two are

Harris proprietary devices (HD-4800

series). All are available in 14-pin

DIP’s except the HD-4814, which

comes in a 16-pin package. For

details see your Harris distributor HD-4019

or representative. Quad AND/OR Gate

78

Pin for pin compatible with CD-4002A.

completel e b seaun

Pin for pin compatible with CD-4019A.

100-999 units

-40°C to +85°C $2.45
55°Cto +125°C $5.05

HD-40231
Triple 3 NAND Gate

Pin for pin compatible with CD-4023A.

100-999 units
40°C to +85°C $1.00
55°C to +125°C $3.40

HD-4025
Triple 3 NOR Gate

Electronics/May 10, 1973



05 cont'd:

Pin for pin compatible with CD-4025A.
100-999 units
= 402C to + 85°g $1.00
—565°C to +125°C $3.40 HD-4814
Hex Inverter

HD-40301
Quad Exclusive OR Gate

14

A Harris proprietary device. )
Replaces HD-4009 in applications
requirng only the inverting function.

40°Cto +85°C
55°Cto +125°C

$2.10
$3.80

Pin for pin compatible with CD-4030A.

100-999 units

100-999 units
40°C to +85°C $2.10
-65°C to +125°C $3.80

*1ihrus

In case you missed the ad describing
our first eight CMOS devices, here
they are again. All are high-speed,
low-power units, The HD-4000
series is pin for pin compatible with
the CD-4000A series. The HD-4809
is a Harris proprietary device.

HD-48111
Quad Exclusive NOR Gate

1

100-999 units
40°C to 55°Cto
85°C  +125°C
1. HD-4000 Dual
3NORGate $1.00 $3.10
2. HD-4001 Quad
2NOR Gate $1.00 $3.30
3. HD-4009 HEX
Inverter $2.20 $5.25
4. HD-4010 HEX
Buffer $220 $5.25
5. +D-4011 Quad
2NAND Gate $1.00  $3.30
6. HD-4012 Dual
A Harris proprietary device. . 4 NAND Gate $1.00 $3.45
100-999 units 7. HD-4013 Dual
—40°C to +85°C $2.10 “D"FlipFlop $210 $4.75
~55°C to +125°C $3.80 8. HD-4808 Triple/
t Available through distributors True Complement
. 2.2 $5.30
in late May. —— L)
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HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS - INTERTYPE CORPORATION

P.O. Eox 883, Melbourne, Fla. 32901
(305) 727-5430

WHERE TO BUY THEM: ARIZONA: Phoenix—Liberty,
Weathertord. Scottsdale —HAR (602) 946-3556
CALIFORNIA: Anaheim —Weathertord; El Segundo—
Liberty; Glendale—Weatherford; Long Beach—HAR
{213, 426-7687, Mountain View —Elmar: Palo Altlo—
Weatherford, HAR (415} 964-6443, Pomona—
Weatherford: San Diego—Weathertord, Western
COLORADO: Denver—EImar, Weathertord
WASHINGTON, D.C.: HAR (202) 337-3170 FLORIDA:
Hollywoad — Schweber; Melbourne —HAR {305)
727-5430 GEORGIA: Atlanta— Schweber

ILLINOIS: Chicago—Semi-Specs,

Schweber. Palos Heights—HAR (312) §37-7510
INDIANA: Indianapolis—Semi-Specs MARYLAND:
Rockville—Schweber MASSACHUSETTS: Lexington
—R&D; Waltham—Schweber; Wellesley—HAR (617)
237-5430 MICHIGAN: Detroit— Semi-Specs
MINNESOTA: Minneapolis— Semi-Specs MISSOURI:
Kansas C4y—Semi-Specs, St Louis—Semi-Specs
NEW MERICO: Albuquerque —Weatherford NEW
YORK: Melville-HAR (516) 249-4500; Syracuse—
HAR (318) 463-3373; Rochester— Schwebes,
Westbury - Schweber OHIO: Beachwood —Schweber;
Dayton—Semi-Specs PENNSYLVANIA: Pittsburgh —
Semi-Spers, Wayne—HAR (215) 687-6680 TEXAS:
Dallas—Weatherford, Semi-Specs, HAR (214)
231-9031 WASHINGTON: Seattle — Liberty,
Weatherford WISCONSIN: Wauwatosa—Semi-Specs
LEGEND FOR HARRIS SALES OFFICES &
DISTRIBUTORS: Harris Semiconductor (HAR

Elmar Electronics (Etmar), Harvey/R&D Electronics
(R&DJ; Liberty Electronics (Liberty), Schweber
Electronics (Schweber). Semiconductor Specialists,
Inc (Semi-Specs), R. V Weatherford Co (Weatherford),
Western Radio (Western)
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First we souped-up
super beta transistors.
Then we closed
the gate

on FET leakage.

And as if that’s not enough, we've
come up with the lowest noise, lowest
drift dual FET around, too.

These three are just part '
of the broad line of high 2

performance dual mono- TN
lithic FETs and transistors v
we've designed to solve 200083220V

more of your linear circuit AD815 NPN
problems.

Our AD815 super beta dual mono-
lithic NPN transistor features 2000 beta
at a breakdown voltage of 20V. It can
reduce your input noise current by a fac-
tor of ten. Plus, you get a 0.5mV offset.
Price: $5.50in 100’s.

Our AD830 dual monolithic FET
gives you an extremely
' u low leakage current —
less than O.1pA.
' That's as low as they

come. Price:
= $11.10in 100’s.
o.mAﬁ
ADS30 FET

And when it comes to super-low noise
and drift, our AD840 dual monolithic
FET has the lowest noise of any dual
FET you can get anywhere: 9nV/ VHz.

It delivers an adjusted drift of 1.V/°C,
too. Price: $7.80in 100’s.

These designs are just right
for upgrading existing circuits {@
in low-current measurement "\
instruments, preamplifiers, )
and applications involving onV/VHz
high impedance sources. Or  1,v/°C
build them into brand new AD840 FET
circuits; they’ll make your
design a lot better than anybody else’s.

We've got samples and comprehensive
data sheets. And our 1973 Product
Guide. Just ask.

Analog Devices, Inc., Norwood,
Mass. 02062.

ANALOG
DEVICES

Call 617-329-4700

for everything you need to know about dual monolithic transistors and FETs.
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Technical articles

While Spike the burglar (see cover) may have found a lot
of electronic wonders in the comic-strip house, the fantasy
is unlikely to become a reality for a couple of years yet

by Gerald M. Walker, Consumer Editor

(J The automated household, crammed with silent elec-
tronic servants, is still just a part of science fiction lore.
In reality, most appliances and tools that consumers can
buy now are virtually bereft of sophisticated electronic
controls and sensors.

But, thanks mainly to the marketing value in the term
“solid state,” home-appliances manufacturers are now
beginning to design new types of electronic controls into
their products, and some of these products—air condi-
tioners, ranges, washers, and dryers—have already
reached the upper end of sales catalogs.

The current spate of blenders, mikers, white '§oRds
(kitchen appliances), and power tools with such contrdls
is not a new direction for the highly competitive appli-
ances manufacturers. At least 10 years'ago som¢ appli-
ances were introduced and promoted as electronically
controlled. A few companies had appliances ready, but
held off.

While some of these early efforts endured, most
flopped for a couple of reasons. First, the housewife
couldn’t see any real improvement over the previous
electromechanical means of running the appliances.
Second, she certainly wasn’t willing to pay a higher
price for something she didn’t really need.

Engineers for these companies agree that most of the
initial offerings were premature. After being once
burned, appliance designers have been slow in showing
renewed interest. The prime reason for the lack of en-
thusiasm is that standard components—switches, timers,
thermostats, tapped motors—do the job well and at a
cost consistently under the more-precise solid-state sub-
stitutes. In addition, say the manufacturers, semicon-
ductor companies have not been agressively pushing
applications assistance.

Nevertheless, Robert J. Scott, vice president of engi-
neering for Rival Manufacturing Co., Kansas City, Mo.,
states, “Any company without a significant effort in
electronics will get caught with its pants down, and in
this industry, that’s fatal.” Admittedly much of the in-
terest is based on the marketing points that solid state
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can add to a product, rather than any intrinsic improve-
ment in what is already acceptable performance. Since
the entertainment-products industry has glamorized
“all solid state” in the home, appliance companies can
see a ready-made set of coat tails on which to ride into
the kitchen and laundry room.

Magic in solid state

This promotion notion has led to some stretching of
meaning, as when an “all-solid-state control” consists of
a single-diode used to rectify motor current. “To most of
these designers,” an engineering vice president scoffs,
“solid state means anything without tubes. So,” he adds,
slamming his hand down, “this is a solid-state desk—
there are no tubes anywhere in it. Engineers in this in-
dustry are lost once they get beyond motor windings.”

But the search for marketing gambits has put com-
panies back on the electronics track. This time there has
to be a change in emphasis, says William E. Beller, di-
rector of engineering for Controls Co. of America, Chi-
cago, a major supplier of electromechanical assemblies
to appliance firms. He notes that until now the effort
has been simply to substitute a semiconductor device
for an electromechanical part, which immediately puts
electronics at a price disadvantage. Instead, the effort
should be to find a new contribution from electronics.

For example, Controls Co. of America pioneered a
moisture-sensing unit for dryers that not only controlled
the running time of the machine by sensing when the
contents were dry, as is the case in those now on the
market, but provided a range of dryness that could be
selected. This added feature did not catch on. In the
same way, electronic speed controls for automatic wash-
ers were tried and did not stick. An electronic pulsating
device to control blenders also did not fly.

But there’s another way of looking at the problem,
Beller continues. Most appliances operate on time-de-
pendent controls, which may not be the best parameter.
Thus it may be more logical to think of a dryer that
dries until the clothes are dry or a washer that washes
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until it cleans the contents rather than merely operating
for a preset time. “Engineering activity toward this end
will stimulate a more appropriate long-range use of
electronics than previously,” he says.

Solid state stirring in mixers and blenders

Generally considered to be the first company to put
an electronic speed control on a blender, Rival had two
versions on the market starting in 1966. Scott recalls
that “One had a dimmer-type SCR and the other had
feedback control to adjust motor speed to the blender’s
load. But consumers did not appreciate what we had
given them, and we killed these models because we
couldn’t sell against lower-priced units.”

He found that the electronic controls cost $2 to $3
more than standard units. Similarly, about four years
ago Scott developed an electric fry pan rated at 1,500
watts with a $6 electronic control. Heat setting was very
accurate, and the home economists loved it. But the al-
ternative design had a thermostat costing 50¢ to 60¢, so
this prototype went by the board.

Scott has not given up on electronic controls. He’s
convinced that the cost curve will make applications
more attractive, particularly for precise heating control
as in the fry pan and in room heaters. “Still,” he muses,
“the thermostat people won’t give up making improve-
ments either.”

While Rival has been cooling its heels, other blender
and mixer firms—such as Hamilton Beach, Waring, and
Oster—have brought out units featuring motor controls
primarily intended to increase the number of speeds
available from the motor. At its simplest, this function is
accomplished with one or two diodes, depending on the
product.

Hamilton Beach, a division of Scovill Mfg. Co., Wa-
terbury, Conn., developed its blender and mixer units
from experience in using a diode rectifier for an electric
knife back in 1962. Because of space limitations, use of
a small permanent-magnet motor with a diode to rectify
current was the best way to go, particularly since price
was not a factor in this product. At that time the diodes
cost 27 cents each; now they’re at 9 cents. The tradeoff
in the blender and mixer lines was between using a mo-
tor with 14 taps or a less expensive, standard seven-tap
motor with a diode rectifier. “As we use a permanent-
magnet motor, we had no option but to design in the

1. Mixer feedback. lona Co. designed this feedback speed control
to adjust mixer's motor effort to working load. Although it's a simple
design, added cost made electronics risky in marketing.

&

diode to rectify the current and thus make a virtue of
necessity,” comments Gus W. Wallin, manager of engi-
neering.

Dropping a diode or two into a mixer is not such a
big deal, yet doing anything more to add cost to these
appliances is very risky due to their price sensitivity.
Thus when the lona Co., Manchester, Conn., began to
develop and then produce a mixer with a feedback elec-
tronic control, the only precedents were failures suf-
fered by other companies—not a very encouraging start-
ing point.

Opting for a feedback circuit

Essentially the goal was to provide a variable-speed
unit with the capability of adjusting power output to
match the load on the mixing blades. “There are a
couple of ways to achieve this end,” Gerald Rideout,
vice president for engineering, remarks, “but from our
viewpoint, electronics, while still more costly, is superior
for quality and performance.” The payoff, aside from
convenience, is a motor that is never overloaded and
therefore lasts longer.

This control unit is now into its “third generation.”
The first unit (Fig. 1) consisted of a 1.6-ampere plastic-
encapsulated silicon-controlled rectifier, a 1-microfarad
tantalum capacitor, a 1,000-ohm trimming potentiome-
ter, four resistors, a 0.5-A diode, and a 3-A potentiome-
ter. Simple enough, but still costly for lona, so a second
version was developed with the help of the supplier to
“get the frills out.”

This version (Fig. 2) consists of just four resistors, the
l-microfarad tantalum capacitor, the 1.6-A SCR, two
diodes, and the 3-A pot, which provides a linear speed-
rise characteristic rather than an exponential rise. And
now that he has had enough experience with the sec-
ond-generation unit to be sure of its reliability, Rideout
completely encapsulated the third version to make han-
dling and assembly easier. The assembly, which is sup-
plied complete by two vendors, was designed by Iona. It
appears in five mixer models now, having been phased
in one model at a time.

Rideout readily admits that competition has forced
him to reconsider use of this feedback-type unit. “How-
ever,” he states, “we chose to challenge the design and
costs of electronics rather than give up on it too
quickly.” And now the components shortage has come

2. Next try. A second configuration of the lona control cut cost by
eliminating a couple of components and mounting the unit in a
smaller space. A third version is plastic-encapsulated.




to plague him. “Lead times are definitely longer, but I
have a stack of family photos to send to the suppliers in
the hope of convincing them that I'm a nice person,”
Rideout jests.

“Electronics as we understand it will play a promi-
nent role in our products as the cost factors come
down,” he continues. “How widespread this use will be
depends on cost, plus the advantages to the consumer—
but mainly cost, because we are always competing with
people who force us into considering cost factors.”

Another boost to electronics in small appliances may
come in the form of regulations concerning electro-
magnetic interference, according to Rideout. EMI sup-
pression is required in products for foreign sales, and he
fully expects it to be a factor in the U.S. and Canada
one day. “We recognize that one day suppression will
be a requirement and R&D must factor this into its plan-
ning. Electronics is certainly one element to consider.”

Major appliance makers think ICs

White goods manufacturers also have been cautious
users of electronic devices and for much the same rea-
son—cost. That’s why the arrival in the next two months
of a new electric range from Frigidaire division of Gen-
eral Motors, Dayton, Ohio, is being watched with more
than usual interest in the industry [Electronics, Feb. 1,
p. 44]. For its Touch Control range, Frigidaire has gone
all out for electronics, using three MOS large-scale inte-
grated circuits supplied by American Micro-systems
Inc,, Santa Clara, Calif,, and a digital display made up
of flat-envelope gas-discharge tubes from Sperry Infor-
mation Displays, Scottsdale, Ariz.

Since unveiling the unit earlier this year, Frigidaire,
typically, has been mum about design details and so far
has not revealed even the selling price. An industry
guess puts the price premium above present top-of-the-
line electric ranges at more than $200.

The leap into ICs and digital displays, as well as solid-
state power controls for the top burners of the range, is
all the more remarkable because Frigidaire introduced
a solid-state washer several years ago, only to abandon
it as too costly. Now, a spokesman claims, cost problems
have been solved with this range.

Frigidaire has virtually ripped out all the electrome-
chanical components of the range and replaced them
with an electronic system. With precise timing and con-
trol, it overcomes one of the longtime headaches of
cooking on an electric range. Oven cooking is also care-
fully controlled. All the controls are set and displayed
from a glass-covered panel mounted above the rear of
the range (Fig. 3).

When not in use, the display serves as a digital elec-
tronic clock. To cook a three-hour roast, for example,
the homemaker touches the control marked “start
time,” which takes the display out of the clock mode,
and then the numerals *300,” indicating that the oven
will go on at 3 o’clock. Next she touches the control
marked *“‘oven” and sets the oven temperature by touch-
ing the proper numerals. To shut off the oven after
three hours, she touches “stop time” and “600”. Finally,
she returns the display to interface with the digital clock
circuits, by touching the *“‘clock” panel. From this point
on, the operation is automatic, having been filed in
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memory. Any errors in setting will set off a flashing dis-
play, while a double touch of the “off”” pad turns off all
cooking simultaneously. The new range also has an
automatic broil cycle that controls heater wattage and
broiling time for varying degrees of “‘doneness”.

Application of electronics to gas ranges has also been
tried, although not on the grand scale of Frigidaire's
new electric unit. Pilot lights are a notorious nuisance to
housewives and a cause for costly service calls simply to
relight them when they go out. When they’re burning,
they create hot spots on stove tops and contribute to the
overheating of kitchens.

Caloric Corp., Topton, Pa., recently introduced a rel-
atively simple solution to this problem, the Direct
Burner Ignition System, that eliminates the pilot en-
tirely (Fig. 4). The system features a safety device con-

Japanese retrench, too

In Japan, which often leads the U.S. in consumer-
product innovations—and where the large electronics
companies also manufacture appliances—electronics
in home products is still not making major inroads. Re-
alization that they were adding functions not needed—
or even annoying to customers—has caused many
manufacturers to abandon products after introducing
them with great hoopla.

For example:
8 Most of Japan's dozen or so manufacturers of fans
have in the past offered products with continuous-
speed control using thyristors and have reverted to
three- or four-speed push-button control using tapped
motor windings or reactors.
8 Hitachi Ltd. and Matsushita Electric Industrial Co.
Ltd. had offered washing machines with continuous-
speed control. But Hitachi has dropped the product
and Matsushita is allowing its to die a slow death.
® Hitachi has stopped producing a refrigerator with a
hybrid IC in the temperature-control unit.
® Matsushita's continuous-speed control for vacuum
cleaners has not sold well against those with a simple
air bleed.
® Blenders with electronic speed control have not
sold well on the domestic market.
[ Like the U.S. electronic-components manufac-
turers, the Japanese electronics firms are competing
with tried-and-true electromechanical devices on
price alone. For instance, Hitachi says that its hybrid
IC was too expensive for use in the refrigerator men-
tioned above, but next time around a monolithic IC will
be tried because the price is right. Another promising |
application is MOS LSI with read-only memory and
countdown, plus logic circuits, to replace the mechan- |
ical timer and programer on washing machines.

Hitachi's new line of fans includes models with a
safety feature—a proximity control to turn the fan off
when an object approaches the fan guard. Every
Japanese manufacturer has models in which the far
motor is turned off either by a proximity switch or by a
touch switch keyed to the fan guard. The Hitachi inno-
vation, however, involves a trimmer capacitor for ad-
justment of proximity-switch sensitivity. On one model
the trimmer is brought out at the front panel, labeled
“distance’" control. The rest of the proximity circuit is
fairly straightforward.
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3. Housewlfe as programer. This new Frig-daire range, scheduled to be on the market this summer, features a digital display panel and ICs
to control operation of the oven. The home owner “‘programs’’ the oven with the touch panel, selecting cooking time and temperature.

sisting of a thermocouple-and-relay combination sup-
plied by ITT General Controls, Glendale, Calif. The
top-burner igniter coil is a 1.5-volt, 5-A, 7.5-w pilot that
heats to a temperature of 2,200 to 2,400°F at ignition
and is only activated when needed. The oven and
broier have a similar igniter, but it glows constantly in
the oven cavity. This approach is a departure from
previous igniter-type designs in that the Caloric igniters
light the gas flame directly. In previous versions, the ig-
niter lit a pilot, which in turn started the flame.

According to Howard Tomlin, manager of product
planning for Caloric, the direct ignition system permits
use of a fail-safe system in the oven. It consists of two
circuits working interdependently. An extremely sensi-
tive thermocouple controlling 4 single-pole. double-
throw relay in both circuits keeps the gas valve open af-
ter flame ignition and instantly shuts down the gas flow
in the event of igniter failure. Since the control circuits
close only when there is flame from the main burner, it’s
impossible to keep the gas on without ignition.

The igniters have undergone three years of field test-
ing, while the safety controls have been tested for 18
months at 25 utilities to determine if fuel differences in
various localities alter performance of the system. Retail
sales will begin in less than a vear.

While the ignition system is a relatively unsophisti-
cated design, Tomlin believes that electronics will be
making a larger contribution in temperature controls in
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the near future. He, too, believes that attempts to apply
solid-state controls some years ago were premature.

As for the future in ranges, some manufacturers feel
the appeal of so-called “cool-top cooking,” in which the
burners heat by ultrasonic power, may open the way to
more electronics. As envisioned now, thyristors and
power transistors would control the ultrasonic power
source. This possible configuration would have, below
the ceramic top, a magnetic coil that pumps 20 to 50 ki-
lohertz of ultrasonic energy into a transformer, which
then emits energy into any ferrous-metal cooking pot
placed on the stove. All the controls would be elec-
tronic. Still, this is a fairly expensive range at this time.
The concept has been demonstrated in one range,
mainly to show that it can be done, but the final product
was priced at $2,000, precluding wide acceptance.

Air conditioners still cooling it

Air-conditioner manufacturers want to reduce the
size and weight of motor and compressor units and im-
prove temperature control. One possible way of accom-
plishing this would be with a variable-speed motor,
driving it with an inverter operating at 5 or 10 kHz. This
approach would shrink the magnetics to reduce the mo-
tor’s size and weight. Also, it would be desirable to run
an air-conditioning system continuously, rather than
shutting down and starting up periodicallv. This capa-
bility would improve humidity control, for there are
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many cases when the air conditioner is not just cooling
but also dehumidifying the air.

While this likely application of electronics would
make a power-semiconductor supplier happy, its time
has not arrived. Electromechanical devices are still
more efficient and cheaper. Nevertheless, Carrier Air
Conditioning Co., Syracuse, N.Y., employs electronics
in 13 models of room air conditioners and in the out-
door condenser for eight central residential systems.

The room units contain a wave-chopping circuit that
furnishes infinitely variable fan speed, from stop to full
capacity. In the central air conditioner, there’s a solid
state Compressor Protect and Control System (CPCS)
guarding the compressor, which is the most important
and failure-prone part of these units (Fig. 6). It’s a
proprietary assembly composed of discrete components
and was designed in-house by Carrier’s corporate R&D
lab, jointly with the three operating divisions.

Essentially, the CPCS protects the compressor from
strains created by power interruption, brownouts, and
excessively high temperatures—the common summer-
time syndrome in this time of electricity shortages. The
circuit within the outdoor unit monitors critical electri-
cal parts, shifts the fan to high speed when the outdoor
temperature reaches 90°F, senses voltage drop and ad-
justs motor load, and delays restart after an electric out-
age to avoid a compressor-damaging power surge.

Heil-Quaker Corp., Nashville, Tenn., a Whirlpool
Corp. majority-owned subsidiary, has also developed a
central-air-conditioner control. It’s simply a circuit that
was introduced last year for an outdoor fan control used
in the top-end models to replace a two-speed switch.
Basically, it’s an SCR within a bridge circuit that is wired
in series with the motor. A thermistor senses the tem-
perature at the condenser coils, so it’s actually measur-
ing the outside temperature and the heat energy being
exhausted from the house. That combined temperature
signal is amplified and phase-controls the SCR; the con-
trol is calibrated to match the system. In addition, a re-
sistor is installed in parallel with the SCR, or in series
with the motor, to reduce the harmonics fed into the
motor and back into the power line.

“This approach,” Robert Ramsey, senior develop-
ment engineer in Heil-Quaker’s advanced development
department, explains, “substantially reduces mechani-
cal noise in the motor and improves the life of the elec-
tronic components. With this control we are regulating
the flow of refrigerant inside the system over a wider
range of outdoor temperatures and indoor heat loads. It
does not replace the indoor thermostat, which is still
employed as a time-proportional control.”

“There’s always a real value battle for engineering to
use electronic controls,” he adds. *‘One of the things we
face in central air conditioning is a tremendous number
of hours of usage, so we must make sure the compo-
nents are reliable. Design homework has to be done.
Customers don’t want to call a serviceman to adjust the
electronics in air conditioning twice a year, so we have
to use a factory-calibrated system that will maintain its
calibration for 10 to 15 years.”

Frigidaire is marketing what it calls an Electronic Air
Cleaner (Fig. 5) to operate with its room air condi-
tioners. It involves the same principle as the large-scale
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What about microwave ovens?

With sales for the year bubbling along briskly, micro-
wave ovens suddenly cooled off last month when Con-
sumers Union published in its **Consumers Report’ a
“‘not recommended’’ advisory for all ovens tested. Ac-
cording to CU, although all the ovens tested met the
Bureau of Radiological Health standards for allowable
emission, any stray radiation from these appliances
could be harmful [Electronics, Mar. 29, p. 64].

Thus CU had reopened a safety issue first raised
three years ago, before the present standards were
hammered out. ““We've gone through this before,"
one oven manufacturer recently confided, ‘‘only this
time, the Government is on our side.”

That appeared to be the case, as BRH spokesmen
volleyed back CU’s charge to the effect that the emis-
sions requirement—1 milliwatt per square centimeter i
measured 2 in. from the oven at the factory and 5
mW/cm2 measured 2 in. from the oven at retail or for
the oven’s operating life—would stick.

But retail sales were immediately affected, and deal-
ers became uneasy about the slowdown. And ai-
though manufacturers made confident statements that
the ovens are safe and that sales would continue to
rise, a counterattack on the CU findings was mounted.

The most elaborate rebuttal has come from Amana |
Refrigeration Inc., Amana, lowa, which claims to be
the No. 1 US. company in home microwave-oven
sales and, further, to be marketing the only all-Ameri-
can-made types. Amana's biggest flame in roasting
CU's report was James A. Van Allen, discoverer of the
earth's radiation belt and researcher into radiation
hazards. He labeled the CU findings '‘thoroughly un-
sound and, by innuendo, untrue.”

At a press conference organized by Amana, Van Al-
len volunteered to sit on top of a running microwave
oven for a year to support his contention that these
appliances are safe. He charged that Consumers
Union had failed to make scientific distinctions among
types of radiation, strength, and duration in attempting
to evaluate the health hazard. Van Allen, who has
owned and used a microwave oven in his home since
1969 says, ''It's safer than a gas oven.”

The whole issue may blow over once the barrage of
public statements subsides. Even CU gave this indica-
tion when a spokesman recently shrugged, ‘‘People
continue to smoke, too.”

electrostatic precipitators used to clean factory air.
Room air is drawn into the precipitator cell, where it’s
electrically charged. Particles or impurities are attracted
to plates of opposite charge and then deposited in the
cell. This cell requires periodic cleaning in soapy water.

Washers and dryers getting over Monday blues

Out in the utility room, not much new has happened
to automatic washing machines and dryers since the
manufacturers first ventured into electronic controls,
then pulled in their horns several years ago. Electronic
sensing for the top-of-the-line dryers has become a
staple among the major companies. General Electric’s
version, for example, is an interdigitized-electrode-and-
capacitor arrangement connected to a moisture sensor.
in this circuit, moisture from the clothes completes an
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electric contact. Because of a time constant the dryer
continues running until the sensor makes contact with
the clothing. When the contents are dry enough to
break contact in the circuit the machine shuts off.

More elaborate designs are in the works. For ex-
ample, one major appliance firm is working with an in-
tegrated-circuit manufacturer on a circuit to perform
the logic for a moisture-sensing system in a dryer. The
machine could be set by degree of dryness and adjust to
the weight and volume of the load, thus providing a
demonstrable improvement over the present moisture-
sensing units.

“Basically, we recognize that we can’t look to elec-
tronics to replace any one function or to replace a timer
alone,” comments Allan L. Wennerberg, director of
electronics research at Whirlpool Corp., Benton Harbor,
Mich. “Electronics really is cost-prohibitive now, but at
some point in time, a crossover has to occur. The cost of
materials for electromechanical systems is rising faster
than those of semiconductors. We're learning that in the
semiconductor business we haven’t exploited the vol-
ume opportunities that exist for a company the size of
Whirlpool. We know full well that the more functions
we can perform, the less the cost per function. So when
electronics comes, it will allow us to apply electronic-
type sensors, which will allow more features.”

Tools are old hands at variable speed

Makers of portable power tools have been using elec-
tronic variable-speed control circuits for several years,
and while these have been successful, there’s not much
inspiration for revising the original designs. Black &

Decker Mfg. Co., Towson, Md., for example, is heavily
involved in speed-control devices and rectification for
permanent-magnet motors on both drills and jig saws.
Originally, the latter units used selenium rectifiers, but
they have been replaced by silicon-junction, half-wave,
or full-wave diodes.

According to Carl Amrein, electrical design manager
of Black & Decker’s Home Products division, the speed-
control features added to the cost of some products, but
helped boost sales. The diode rectifier, on the other
hand, was justified because it reduced both size and cost
of the tool models in which it appeared. Although incor-
poration of electronics in its products is minimal, Black
& Decker uses electronics extensively in its testing
equipment and procedures.

Says Amrein, “Sophisticated factory testing methods
have become important to us as more and more auto-
mated testing systems, based on electronics, have been
developed. In the future, these systems will allow new,
more stringent testing of power tools, so you’d have to
say that electronics is having an indirect effect on our
products.”

The Singer Tools division, Pickens, S.C., of the Singer
Corp., benefited from its family ties to sewing-machine
manufacture when it converted part of its private-label
power-tool line to electronics. The first tool to use an
SCR variable-speed switch employed a circuit developed
by corporate R&D for a sewing-machine foot pedal. It
contains an SCR and a resistor strip wiped by a contact
to vary the speed as the tool trigger or foot pedal is de-
pressed. The ability to use one switch in two divisions
gave Singer a leg up in terms of initial cost, since vol-

4. Lighting up. This Caloric range has a new Direct Burner Ignition System, which eliminates the usual pilot light. An igniter coil lights the gas
flame directly, making-it possible to use a fail-safe device that, if it senses the gas has failed to ignite, shuts down the range.
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5. Clean air. An electrostatic precipitator, which attaches to a residential room air conaitioner, has been developed by Frigidaire to provide
an air-cleaner feature. Electrically charged dir: particles drawn intc the room are actracted to a collection plate of opposite charge.

ume purchases covered both the ool and sewing-ma-
chine requirements.

In addition, as Gene Holland, Singer Tools R&D head
explains, “speed control added new interest to an old
product.” On the other hand, it added a negative ele-
ment, too. The use of the variable-speed control in-
creased field failures from a range of 1% to 1.5% in
models with standard on-off switches to between 3.5%
and 4% in the electronic versions. The company found
that most failures occurred not in the SCR, but in the
wiping contacts and resistor strips.

Safeguarding the home

Probably the most complex—and, thus, costly—task to
be handled in the home by electronics is security and
fire protection. But with increasing atfluence, a rising
crime rate, and the lucrative potential market that these
two trends import, several companies have begun de-
signing systems for residential applications. The prob-
lems turned out to be more difficult that those of most
industrial installations.

For one, homes have a random pattern of occupancy,
while factories and stores have a known pattern. False
alarms are more frequent in homes than in commercial
locations because family members, pets, or innocent
callers can trip sensors inadvertently. Finally, home
owners are not prepared to pay the same high price for
a system as is a company that can write off such ex-
penses. As a result, security systems—as opposed to
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simple electromechanical home sirens—still remain
poised to gain entry to the home market, but are finding
it more difficult than burglars to break in.

Considerable design effort has been expended to de-
velop systems that are sensitive enough to respond to an
intruder, but rugged enough to resist family abuse, and
at the same time are sophisticated enough to foil the
burglar’s attempt to defeat it, but low enough in cost to
open the homeowner’s pocketbook. Failure to consider
all of these factors, plus lack of understanding of the
technology needed to accomplish them, has led to some
false starts in this market

And a lot of design effort is still necessary. For ex-
ample, “there & a need to concentrate on sensors that
would detect would-be intruders before they enter the
home,” comments Paul Corbell, technical director, Se-
curity-Devices division of Systron-Donner Corp., Dub-
lin, Calif.

Today, after a peried of technical obstacles, com-
panies are emerging with products that are designed to
fit the realities of the home environment. For example,
Advanced Devices Laboratory Inc., Santa Clara, Calif.,
makes two advanced products for home security—a
10.5-gigahertz microwave system and a passive infrared
detector.

Packaged to look like a stereo receiver, the micro-
wave system radiates at 10.5 GHz, using a Gunn diode
as the signal source. Power rating is 1.5 mw, but at the
antenna aperture the radiated power is an order of
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6. No sweat. Car~ier Corp.'s central air ccnditiones has a Compressor Protect and Controt System designed to extend life of the compressor
by adjusting tc varyirg loads It's also intended to control compressor motor curing summertime power brownouts, blackouts, and surges.

magnitude below the maximum allowed by Govern-
ment regulations that have been established for micro-
wave radiation.

It uses the Doppler-shift effect for sensing. But the
key to making the system work in the home, according
to ADL, lies in the diode oscillator cavity, a special de-
sign that allows several types of antennas to be used;
that is, it can be adapted to a specific situation with a
columnar beam, an area beam, or multiple beams using
a phased-array antenna. The columnar beam has a
range of 100 feet. The area beam spreads over 50 by 24
by 9 ft or 24 bv 24 by 9 ft.

ADL chose 10.5 GHz as the operating frequency be-
cause there are no communications assignments at this
frequency. Lower frequencies, says Charles F. Fontana,
national sales manager, can be absorbed too easily and
higher frequencies produce a beam too small to be
practical. In addition, 10.5 GHz allows use of small,
inexpensive aritennas.

By using both microwave and ultrasonic detection in
combination, Security Systems division of Bourns Inc.,
Riverside, Calif.. has attempted to eliminate most po-
tential false alarms. Basically, by having both types, the
total system can establish a steady-state field of ul-
trasound or microwave, depending on which approach
fits a particular area. It can sense any disturbance, pro-
cess or amplify the disturbance signal, activate a mecha-
nism, and turn on an alarm, either a phone dialer, dig-
ital communicator, horn, or other source of sound.

Hardwired connections to police stations, tape
dialers, and digital telephone dialers have been used as
communications links in home security, and cable tele-
vision is nmow entering the picture, too. Bourns has
been working on this approach, as has Oak Securities
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Inc., Crystal Lake, Ill. Meanwhile, Theta-Com of Los
Angeles, Calif., is one of a handful of companies con-
centrating on the transmission of security alarms via
two-way CATV. These setups require a computer at the
cable-transmission center that sends digital signals to
interrogate the user’s sensors. A digitally encoded mes-
sage alerts the computer to the location and type of
alarm (breakirg and entry, fire, emergency). This data
can then be transmitted to police stations, fire house, or
hospital by cable or by telephone lines.

Another indication of the rethinking done in home
security is the system to be marketed by AMF Inc.’s new
security systems division in Alexandria, Va., in about a
vear. Still undergoing tests, this system features a
household signal processor with diode-transistor-logic
and transistor-transistor-logic ICs to perform logic func-
tions in handling intrusion and fire-sensor signals. An-
other version for apartments employs ICs in the on-site
processor.

Sensor inputs will go into the master unit that is pro-
gramed to account for most typical false alarms and will
provide the user time to override inadvertent alarm trig-
gering, according to AMF. The ac-powered system will
have standby batteries in case of power outage. It will
also have an LED display for indicating at the master
panel the status of the complete system in order to de-
tect component failure.

The whole concept is aimed at eliminating false
alarms by recognizing that areas being protected are
usually occupied and including this situation in the sys-
tem plans. The household processor therefore has logic
modules to make it “forgiving” of possible false alarms.
It also gives the home owner a chance to check the op-
erating condition of the entire system. O
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Part III of a setieS mmemeesss——

Minicomputers simulate the ocean,
evaluate sonar-system designs

Costing far less than trials at sea, sonar simulation system
checks out signal-processing techniques and operator responses,
besides offering an applied research facility for display development

by Jerry C. Lamb, Andrew C. Krajec, and W. Allan Clearwaters, Naval Underwater Systems Center, New London, Conn.

ODesigners of modern so-
nar systems are caught be-
tween human limitations
and the deep blue sea. On
the one hand, the flood of
data generated by a com-
plex system needs to be
processed into displays
that make full use of the
information but do not
ask the operator to detect,
track and classify more
targets at one time than he
possibly can. On the other,
it’s  prohibitively expen-
sive and often inconclu-
sive to test a prototype
system at sea.

The Naval Underwater
Systems Center, faced
with the task of develop-
ing new digital techniques
for processing and dis-
playing data in a new U.S.
Navy sonar system, mea-
sures an operator’s capa-
bilities and avoids the cost
of testing at sea with a
simulated sonar system
implemented with mini-
computers.

A simulated sonar sys-
tem does away with much
of the expense of prototype development and engineer-
ing redesign, since it is simpler to alter software than a
hardware system. A simulated ocean is not subject to
the drawbacks of the real ocean, in which certain tests
may be impossible if they require certain environmental
conditions, multiple vessels, or both. Moreover, simula-
tion allows the operator’s actions to be related very
precisely to “operational” conditions and to be auto-
matically recorded.

Simulation has one disadvantage as opposed to oper-
ational testing: the mathematical models that describe
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the environment and the
operational system may
be inaccurate. However,
in this case, mini-
computers containing
well-tested mathematical
models of the ocean (they
are used for training so-
nar-system operators)
were available, so the risk
of inaccuracy was min-
imized.

Long term, the NUSC’s
objective was to create a
simulation facility for ap-
plied research on general
display formats and oper-
ator performance. But the
facility would also satisfy
the center’s immediate
need for a way to evaluate
different algorithms for
processing and displaying
sonar data in the light of
operator response.

The system that ulti-
mately took shape out of
these considerations has,
at one end, a mini-
computer that models the
ocean and, at the other
end, cathode-ray-tube
monitors and interactive
devices that interface the human operator to the system.
In between is a second minicomputer, which controls
the entire system, and a display controller. This second
minicomputer— the experimental stand-in for the spe-
cial-purpose processor to be found in actual sonar sys-
tems—processes the ocean data and inputs from the op-
erator and passes the results on to the display controller
for translation into visual form on the CRTs.

Figures 1 and 2 show the hardware already described,
plus an external core memory. Not shown are the inter-
active devices and various peripherals. The computers
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1. Sonar simulator. One minicomputer, the two disptay-control
channels, and additional memory are all housed in these four racks.
Central computer, a Supernova, is visible in the middle of the nearest
rack; the second computer, containing a model of the ocean, stands
alone and is not visible here.

are a Data General Supernova and a Honeywell DDP-
516. The Supernova is the system controller. It accepts
data from the DDP-516 and peripherals, formats it, and
sends it to the display controller, which transforms it
into displays like those in Figs. 3 and 4. In addition, the
Supernova either records inputs from the operator and
interrupts by the controller or transmits them to appro-
priate subprograms for action.

The Honeywell DDP-516 computer is a special sys-
tem serving as a peripheral device. Since its sole func-
tion is to produce the data base for the display experi-
ments, it stores an extensive set of mathematical models
of the sonar environment.

The system contains two independent display-control
channels, each simultaneously generating displays in
accordance with the data and instructions of the Super-
nova and also passing on operator interaction requests.
Interconnections with the rest of the system are shown
in Fig. 5. These two high-resolution display channels
each consist of a display controller interface that, in re-
sponse to instructions and data stored in the refresh
memory by the Supernova, activates a raster generator,
graphics generator and video processor, as well as a re-
fresh buffer memory. The refresh memory is a ferrite-
core array that contains 65,536 16-bit words and stores
the data its channel is to display plus a few control
words.

The two channels drive two CRT units. One CRT unit
is a simulated sonar display console. On this console,
the appearance and “feel” of the controls are important
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2. Simulated sonar console. Vertical rows of switches beside the
two screens are programable function switches; labels for them ap-
pear alongside on the screen, as in Figs. 3 and 4.

because they must resemble actual shipboard equip-
ment. The initial version (see Fig. 2) resembles the con-
sole in a proposed new sonar system and will be eval-
uated before the Navy releases specifications for the
system to be installed in the fleet. Later, the console can
easily be changed to resemble other systems.

The console consists of a single electronics bay in
which two CRT monitors are installed, along with vari-
ous interaction devices. The latter include several func-
tion keys, a force joystick—a non-moving device that re-
sponds to an applied force through strain gauges
instead of responding to displacements through shaft
encoders—and a single-axis cursor manipulator. Ar-
ranged about the sonar console are 72 switches—two
rows of 12 single-legend, back-lit function keys below
the screen, and 12 more back-lit push-button switches
arranged vertically on either side of each screen. The
rows across the bottom carry permanent legends, but
the vertically arranged switches do not. Their functions
change with the simulation program, so their legends
are displayed on the adjacent CRT.

The other CRT console, the research console, is used
for research and development of new display formats
and to study operator/computer interaction, in an on-
going project that will continue after the current simula-
tion project is complete. At present the research console,
which does not resemble a sonar console, contains more
or less conventional interactive devices, including a
light pen, track ball, a keyboard with 63 keys, and 12
back-lit function keys. These are used in conjunction
with one of the two CRT screens on the sonar console.
Eventually the research console will have its own large

Electronics/May 10, 1973



CRT with the smallest available spot size and maximum
resolution in both direct-write mode (in which the infor-
mation is traced directly on the screen) and raster mode
(in which the display is built up from a sequence of hor-
izontal or vertical scans). The console also has room for
other interactive devices, which can be installed to take
advantage of new developments.

Why two different computers?

For any simulation setup, the prime need is for
proven mathematical models, and proven models of the
sonar environment were fortunately available in the
Navy’s 14E19 sonar trainer. This trainer consists of two
Honeywell DDP-516s and incorporates many of the ba-
sic real-time mathematical models that simulation of
the sonar environment requires. Redeveloping these
models from scratch would have been costly, yet a di-
rect copy of the trainer was not suitable, because it was
designed for a specific system and was not flexible
enough for display research. Therefore an integrated
hardware/software package was developed, using
14E19 concepts in a modified form that met the simula-
tion facility’s requirements.

Even so, the mathematical models as programed for
the trainer required the entire capacity of one DDP-516.
That meant that a separate central computer would be
necessary for display formatting and system control. To
decide whether it should also be a DDP-516, or whether
a different minicomputer would be better, the designers
examined three aspects of the system requirements:
hardware, software, and availability.

The central computer had a variety of simulation re-
quirements that affected the choice of hardware. Its ba-
sic task was to reformat the data base for display, for-
ward it to the display controllers, and perform all input-

3. PPI display. Center of circular display, called plan position indi-
cation, represents the sonar operator’s ship. Echoes form a maplike
pattern. Top of the display can represent either ‘dead ahead" (ship
coordinates) or ''north" (true coordinates). The dark wedge-shaped
area is a baffle that screens the ship’s engine noise from the receiv-
ers. Characters along sides label function switches beside the dis-
play, visible in Fig. 2. Blanked areas obscure classified data.
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output operations. This computer needed a high
throughput while processing display data to develop
displays in real time.

Three conditions dictated speed requirements. First,
the timing of the basic sonar system displays is estab-
lished partly by the rate at which the second computer,
which contains the mathematical model, provides data
for display formatting, and partly by the amount of for-
matting necessary.

The second condition, probable specifications of
forthcoming new display formats, referred to one in
particular. This format consists of a 100-by-100 matrix
of echo-signal points, upon each of which a new calcu-
lation may have to be made rapidly enough to permit
showing the changing data at flicker-free rates—about
30 frames per second.

The third condition was development of new sonar
signal-processing algorithms—one of which was selected
as a bench mark. The algorithm combined space and
time averaging, computing a weighted average of the
returns on several adjacent or successive sonar beams as
the return on the central one of those beams. This pro-
cess tends to eliminate transient noise and to reinforce
echoes from real objects.

These considerations dictated the choice of a modern
machine with multiple registers, which would permit
easy data links between programs as well as fast compu-
tation. For communication with the display controllers,
the computer required a fast data channel with a flex-
ible interrupt structure. Standard peripheral equipment
and support should be available, and special-purpose
peripherals should be easy to include in the system,
preferably in the same manner as standard peripherals.
The sonar display is one such special-purpose periph-
eral unit. Another is a proposed eye-tracking device,

4. Variable depression search. The pips in this simulated display,
apparently random, actually lie along vertical lines. One line shows
echoes along a single beam, with range increasing from bottom to
top; six such adjacent lines produce data history for a beam. Several
beams make up one half display. Two halves of screen show echoes
from two kinds of pings separately generated and processed. Short
lines identify an area to be expanded on another screen.
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which in the simulator will determine where on the
screen the operator is looking under various conditions,
thus measuring his response at a new level of detail.
Besides being fast, the control computer had to be
commercially available, because time constraints man-
dated the use of low-risk technology. On the other
hand, the possibility of including new features, such as
semiconductor memory and floating-point processors,
made a machine with flexible architecture desirable.

Programing aspects

Software had to be usable by those system users—re-
search scientists and engineers—who were not primarily
programers but who needed hands-on operation for re-
search purposes. For them, problem-oriented languages
and corresponding compiler software were a require-
ment. Other general-purpose software and easily modi-
fied operating-system software also had to be available.

To avoid duplicating costly peripheral equipment,
the system’s designers decided to attach the devices only
to the main computer, with access by the second com-
puter through the coupler linking the two computers.
This meant that the central computer’s operating-sys-
tem software should regard the second computer as an-
other peripheral device. But it also meant that the satel-
lite computer would require a new operating system for

itself because of its unusual means of access to periph-
eral equipment.

Many machines were tested against specific criteria
developed from these general requirements, and bench-
mark programs actually were written for three ma-
chines. At the time of design (in early 1971), the Data
General Corp. Supernova was the most appropriate.

The math models, however, were already programed
in DDP-516 assembler language for the sonar trainer.
Converting these DDP-516 programs to Supernova
code would have been prohibitively expensive—nearly
25% of the original estimate for the total system.

This cost ruled out using two Supernovas, but still left
the designers with a choice between using two DDP-
516s, which would have enough capability for the basic
simulation but without full growth potential desired, or
taking the design risk of having two different machines,
which would present severe programing difficulties.

Revising the operating system

Two independent studies indicated that the second
alternative, using two different computers, was feasible,
although it would cause some delay in the original
schedule.

With the identity of the two computers established,
the means of treating the two display controller inter-

5. Simulation system. The display controller is a two-in-one device that controls both the sonar console and the research console. The cen-
tral computer is the Supernova. Most of the system's input-output equipment is conventional, except for DDP-516, a second computer that
masquerades as another peripheral on the Supernova channel but actually contains a model of the ocean.
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faces and the interaction tools became clear. To the sys-
tem they appear as standard peripherals with high pri-
ority; they are controlled by a modification of the basic
disk-operating system supplied by the manufacturers.
The resulting monitor system is called an integrated
disk-operating system, IDOS (Fig. 6).

In an off-line mode, the DDP-516 communicates
through 1DOS with all the peripherals connected to the
Supernova. Meanwhile, all DDP-516 standard software
is utilized, and normal disk-based functions for Super-
nova programs and peripherals are performed.

While executing real-time experimental programs,
IDOS controls all output to the display controller, moni-
tors all inputs from the interaction tools and controls
the timing of inputs from the DDP-516. Since the DDP-
516 contains a model of the ocean, these inputs repre-
sent acoustical noise originating in such things as wave
action, movements of sea animals, and passing ships
that are not targets.

Broad-based controller

The display-controller design was constrained by dis-
play research and console simulation applications. To
simulate most present-day sonar display consoles, the
display requires two independent channels with sepa-
rate refresh memories.

In addition, the projects for research into displays
planned at NUSC in general demand flexible and expan-
dable hardware that can accommodate new ideas. At
least one display channel must have better resolution
than present commercially available displays. In this
case, both channels were designed with higher resolu-
tion because duplication was more economical than de-
signing separate channels.

Scans and rasters

Simulating present sonar display formats requires
several different writing modes such as spiral scan for
plan position indication, rectangular raster for type B
range-vs-azimuth, other formats unique to sonar, and
direct write for graphics and alphanumerics. Raster and
direct-write modes can be combined in many ways on
one CRT at any time.

Core refresh memories were chosen because they
were easily available and reliable. They are also non-
volatile, an important advantage in this kind of simula-
tion. Nonvolatility is often desirable in a memory, but
in NUSC’s sonar simulator it is important for an unusual
reason. In the course of present and future experi-
mentation, a variable refresh rate for the display was
considered desirable. Since a volatile memory would it-
self have to be refreshed independently of the display,

6. Integrated software. Two software packages—one for each computer—are modified to interact with one another. The Supernova regards
the DDP-516 as just another input-output device, whereas the DDP-516 obtains access to its peripheral devices, except for the teleprinter,
through the Supernova. Colored arrows represent data flow; black arrows are controls.
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the synchronizing of the memory refresh and the dis-
play refresh was viewed as a potentially difficult prob-
lem that would divert too much effort from the prime
goal of developing new sonar systems.

Core memories, of course, also have the advantage,
thanks to their long dominance, of ease of use and ap-
plication. The units chosen were large enough to work
with typical sonar formats—for example, a 512-by-512
grid with 4 bits of intensity information. For use with
the large, high-resolution CRT monitor of the research
console, the two memories can be combined to drive
one display channel showing, for example, a 2,048-by-
256 grid with 4 bits for intensity.

Peripheral selection

The laboratory’s supporting computer center was a
prime factor in selection of the peripheral equipment.
Magnetic tape is the primary medium for exchanging
data with the computing center for off-line processing
and conversion. Individual reels of tape are also used by
programers for personal storage. The magnetic-tape
unit reads and writes nine tracks at 800 bits per inch
and 37.5 inches per second—fast enough to record real
sonar data in real time.

With this magnetic-tape capability and the computer
center, the simulation system does not need things like
card punches or paper-tape punch. But both a card
reader and a high-speed paper-tape reader are neces-

The simulator in action

In using the simulator to study how a design for a sonar
system would operate at sea, the experimenter divides
his work into three phases: initialization, experimentation,
and analysis.

Initialization occurs off line. Since the real-time mathe-
matical models stored in the DDP-516 generate the data
base from a series of tables and equations, the tabular
data and equation coefficients must be calculated off line
ahead of time by special initialization programs. To use
these programs, the experimenter first specifies the ex-
perimental conditions.

These conditions include, for example, the sonar envi-
ronment—depth and temperature, which affect the pro-
pagation of accustic energy in water—and the character-
istics of the supposed ship—its noise sources, such as
the engines, the deployment of sonar transducers on the
hull, and so on. And, of course, the experimenter speci-
fies the target characteristics. He then loads the initializa-
tion programs into the DDP-516; as it executes them, it
produces the tables and equations necessary for real-
time experimentation.

At the start of an experiment, the researcher tells the
sonar operator what task he is to do. He might be asked,
for example, to search for and detect a target, track it, or
classify it; or he might be assigned any combination of
these or other tasks.

The researcher then leaves the operator alone at the
sonar console; the operator observes the CRTs and uses
the sonar controls as if he were literally at sea. For ex-
ample, he may change range scales, cursor positions,
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sary for software development, as is either a line printer
or a teletypewriter.

A mass-memory storage device—specifically a disk
unit—is required for software development, when the
programer uses the disk for temporary storage, and for
program storage during real-time operations. For the
latter, a fixed-head disk has the fast-access and fast-
transfer characteristics required for quick recall of dis-
play formats and other on-line programs.

Afterthoughts

Since the design of the simulation system was frozen
early in 1971, newer computers, some of which may be
better suited to the system requirements, have come on
the market. Some of them utilize new technology that
might have a significant effect on the selection process
were it to be repeated.

For example, microprograming techniques might
permit the use of two identical computers in the sys-
tem—one microprogramed to emulate the mathematical
models in the DDP-516, and the other micro-pro-
gramed for special display-format instructions.

In addition, MOS memory, now generally available in
many machines, would help make real-time display
processing more easily attainable. Newer, more flexible
hardware interrupt structures also have become avail-
able and might change the choice of machines even if
selection criteria did not change. O

and even the course and speed of his ship. He can also
change the characteristics of the ‘‘ping'’ emitted by the
sonar transmitter, since the range and the nature of the
echo change with pings of different frequencies, ampli-
tudes, and durations.

Meanwhile, the experimenter monitors the operator’s
activities at the line printer and the teleprinter, in another
room. From that location the experimenter can also mod-
ify the program on line by introducing, for example, new
targets, a new ocean depth, or different weather condi-
tions.

To illustrate, the onset of a storm stirs up waves, and,
while these are in a different frequency range from the
sonar echo and don't contribute significantly to it, they do
tend to break up both the transmitted signal and its echo.
Large waves in the presence of a target create inter-
ference that changes a clean, sharp echo pulse into a
broader, weaker signal whose characteristics are difficult
to ascertain.

During the experiment, significant events are recorded
for analysis. These include parameter changes, major
changes in the progress of the experiment (such as ac-
quisition or disappearance of targets), and operator re-
sponses.

These measurements form the data base for analytical
programs, which are executed after the experiment to
produce a statistical breakdown of the operator's re-
sponse to different conditions. Meaningful results, of
course, require a particular experiment to be repeated
several times with different operators. _J
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Peripheral vision.

From the beginning, we
have preferred concentration to
diversification. We don’t supply
everything that attaches to
your computer. But the things
we do supply are the best.

What do we supply?

Drum plotters. We're the
world’s leading supplier of
both hardware and software.

Flatbed plotters. Several
years ago, we saw a need and
an opportunity to expand the
plotter’s uses. The flatbed
plotter allows a variety of
materials to be substituted for
paper; and it has expanded the
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market for computer graphics,
as well.

Microfilm plotters. Here,
we got bigger by getting
smaller. With microfilm. Our
1675 COM plotter/printer and
our 2100 COM printer deliver
the best price/performance in
the industry.

Disk memory equipment
This was our second area of
concentration. In a remarkably
short time, we have become the
leading independent supplier.

Tupe systems. We've
recently begun to concentrate
on tape. The result is that

CIAILICIOIMIP

our new 1040 Tape Drive
combines the features of
others with our own
experience. We intend to be a
leader in this field.

The point is we have not
grown by accident. Thirteen
years after our beginning, we
have become a leader in
computer peripherals.

For information en
peripheral products, call your
local CalComp office, or contact
California Computer Products,
Inc., EM-M5-73, 2411 West La
Palma Avenue, Anaheim,
California 92801. (714) 81-2011.
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Designer’s casebook

Varying comparator hysteresis
without shifting initial trip point

by Jerald Graeme
Burr-Brown Research Corp., Tucson, Ariz.

An operational amplifier is a convenient device for
analog comparator applications that require two differ-
ent trip points. The addition of a positive-feed-back net-
work will introduce a precise variable hysteresis into the
usual comparator switching action.! Such feedback de-
velops two comparator trip points centered about the
initial trip point or reference point.

In some control applications, one trip point must be
maintained at the reference level, while the other trip
point is adjusted to develop the hysteresis. This type of
comparator action is achieved with the modified feed-
back circuit shown in the figure.

Signal diode D; interrupts only one polarity of the
positive feedback supplied through resistor Rz. Hys-
teresis, then, is developed for only one comparator state,
and one trip point remains at the original level set by
the reference voltage, Er. The second trip point, the one
added by hysteresis, is removed from the original trip
point by:

AV = Ry(Vz - Er)/(R1 +R2)
where Vz, the zener voltage, is greater than reference
voltage Er. Varying resistor Ry will adjust the hysteresis
without disturbing the trip point at Eg.

The circuit’s other performance characteristics are
similar to the common op-amp comparator circuit. The
accuracy of both trip points is determined by the op
amp’s input offset voltage, input bias current, and finite
gain. Resistor R; limits the current drain through the
zener diode, and resistor Ry provides a discharge path
for the capacitance of diode Ds.

The output signal can be taken either directly from
the op-amp output or from the zener diode, as shown.
With the latter hookup, the output signal voltage alter-
nates between zero and zener voltage Vz, which might

Circular voltage divider
needs fewer resistors

by Dale Hileman
Physiometrics Inc., Malibu, Calif.

A bridge that provides precision dc voltages from 0 to
10 volts, in steps of 0.01 v, can be easily and economic-

96

be desirable for interfacing with digital logic circuits. It
should be noted, however, this output cannot sink cur-
rent in the 0-volt state.

Switching speed is determined by the op amp’s slew-
ing-rate limit for high-level input-drive signals. When
the input drive is a low-level signal, the output rate of
change is limited by the gain available to multiply the
input signal’s rate of change. Both the slew-rate limiting
and the gain limiting of switching time are eased if
phase compensation is removed from the op amp. [

REFERENCE:
1. G. Tobey, J. Graeme, and L. Huelsman, "“Operational Amplitiers: Design and Appli-
cations,” McGraw-Hill, 1971,
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Controllable hysteresls, Positive feedback circuit for analog op-
amp comparator does not shift the initial reference trip point while in-
troducing hysteresis in the second trip point. The voltage difference,
AV, between the trip points can be adjusted by varying resistor R,.
When the output voltage is taken from the zener diode, as shown, it
switches between zero and Vz, the zener voltage.

ally realized with a *‘circular” voltage divider. In this
uncomplicated divider arrangement, the point from
which the output is taken remains fixed, while the volt-
age source is moved from one point to another.

In a conventional voltage-divider setup, the fixed
voltage is applied across the entire network, and the
output voltage is taken from a selectable tap. This ap-
proach, however, may involve complex switching and
usually requires a large number of resistors, which is
undesirable because precision resistors are expensive.

As shown in the diagram, a total of only 31 resistors is
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needed to provide a settability to within 0.01 v. Each
ring has 10 resistors, except the last, which contains 11.
The value of the resistors in a given ring must be 1.1
times the value of the resistors in the preceding ring.
The bridge in the illustration is set up to produce an
output of 6.43 V.

The tighter the tolerance of the resistors, of course,

the more accurate the output voltage can be. And the
more sensitive the null indicator is, the more closely the
bridge output can be read. As lower-value resistors are
used, the bridge output impedance becomes lower.

The principal limitation of this arrangement is the al-
lowable power dissipation of the resistor in the first ring
across which the full supply voltage is applied. O
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Dial a voltage. Circular resistor arrangement trims resistor count without sacrificing precision. The output voitage of this bridge can be set
from O to 10 volts, to within 0.01 V. All resistors in the same ring have the same value, which is 1.1 times larger than the value of the resistors
in the preceding ring. Resistors in the first ring must be able to withstand the full supply voltage. Just 31 resistors are used here.

Link-coupled tank circuit
steps up C-MOS drive voltage

by R.W. Mouritsen
National Research Council of Canada, Ottawa, Canada

Because of their low power dissipation, low leakage cur-
rent, and high noise immunity, complementary-MOS de-
vices are a sound design choice for portable or battery-
operated equipment—such as counter chains or clocks
driven from standard oscillators. However, several volts,
typically 5 to 7 volts, are usually required to turn on the
C-MOs device, whereas most standard oscillators nor-
mally have an output of only about 1 V root-mean-
square at 50 ohms.

A simple way around this problem is to use a link-
coupled tuned circuit as a voltage step-up transformer.
Since the input impedance of the C-MOS device is ex-
tremely high, the tank circuit is loaded only by the pri-
mary source impedance reflected across the secondary
winding. This allows the use of a fairly high-Q coil. The
link-to-secondary turns ratio is adjusted to produce,
across the tuned circuit, a sine wave with a peak-to-peak
amplitude of approximately 90% of the supply voltage,
when the driving signal is 1 V rms at 50 ohms.

The squaring circuit shown in the figure is an ex-
ample of this link-coupling technique. It consists of a
C-MOs quad two-input NOR gate package, connected as
a forced latch.

With the input at 0 v (logic 0), the outputs of gates G1
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and G: are logic 1, while the output of gate Gj is
logic 0. As the input rises (towards logic 1), the outputs
of gates G; and Gz go to logic 0 when the C-MOS turn-
on threshold voltage is reached. This forces the output
of gate Gj to go to logic 1 and remain there until the in-
put falls below the threshold level. At that time, gate G,
goes to logic 1, allowing gate Gs to return to logic 0 and
causing gate Gz to go to logic 1.

When the supply voltage is 12 v and the input signal
is 1 v rms at 50 ohms and 1 megahertz, the squaring cir-
cuit produces an output that approximates a square

0.001 uF

56 2
QUTPUT

SQUARE WAVE
(10 V pk-pk)

INPUT
SINE WAVE
(1 V ims) =

NOR GATES:
RCA CD4001AE or
MOTOROLA MC14001

S — -

Squaring clrcult. Link-coupled tuned circuit provides transformer-
like action, stepping up the low-leve! drive signal supplied by most
standard oscillators. This permits complementary-MOS gates, the
threshold voltages of which are generaily 5 to 7 volts, to be used
without adding extra active devices. With this squaring circuit, a 1-V
sine wave Is converted to a 10-V square wave at megahertz rates.
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wave with an amplitude of around 10 v pk-pk and with
rise and fall times of about 50 nanoseconds. The tuned
circuit used here has a narrow operating band. A wider
band may be obtained by employing a small toroid

having a bifilar secondary with a link-coupled primary.
This will yield about the same output waveform, but
operating frequency will range between 500 kilohertz
and 3.5 MHz, depending on the ferrite used. O

Square-wave generator
stresses frequency stability

by S.F. Aldridge
IBM Corp., General Products Div., San Jose, Calif.

Offering features that are usually found only in more
elaborate oscillators, a simplified voltage-controlled
square-wave generator produces very symmetrical com-
plementary square-wave outputs that exhibit good fre-
quency stability over a wide operating temperature
range. Output frequency repeatability can be held,
without adjustment, to within a 5% range, and oper-
ating frequencies can exceed 50 megahertz.

The circuit’s noise insensitivity is excellent due to its
current-source decoupling (provided by capacitors C;
and Cz). Moreover, noise generation within the gener-
ator is held to a minimum because of the constant-cur-
rent nature of the circuit.

Power-supply variations as large as 15% produce a
negligible shift in output frequency because of the ac-
tion of the circuit’s current sources (transistors Q; and
Q) and the configuration of the circuit’s oscillator sec-

tion. The generator can be considered to provide linear
operation throughout the entire range of its input fre-
quency control voltage.

Basically, the oscillator section consists of two Schmitt
triggers: one formed by transistors Qs and Qs, and the
other formed by transistors Qs and Qe. The triggers
share the two current sources (transistors Q; and Qz), as
well as resistor R; because of capacitor C;. Transistors
Q4 and Qs form a differential switch that allows only
one Schmitt trigger to be on at a time.

The charge rate of capacitor C3 determines the
switching frequency of the Schmitt triggers and, there-
fore, the output frequency, This charge rate can be con-
trolled by varying the voltage on the frequency-control
input line, which, in turn, changes the current of transis-
tors Q; and Q. The output frequency can also be al-
tered by changing the value of capacitor Cs.

Temperature compensation is provided by zener
diodes Z, and Z,. Transistor Q; compensates the base-
emitter junctions of transistors Q; and Q2, while transis-
tor Qg compensates transistors Q3 and Q. To achieve
the best circuit performance, matched transistors and
components having 1% tolerances should be used. [

Designer’s casebook 1s a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item pubhshed
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Simplified design. Square-wave generator supplies complementary outputs whose frequency is determined by an input control voltage. This
control voltage determines the current provided by transistors Q; and Q, to charge capacitor C3. The charge rate of this capacitor sets the
switching frequency of the two Schmitt triggers, which are formed by transistors Q3 and Q4 and transistors Qs and Qg.
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Since 1962, Siliconix has evolved FET technology and applied it to
a complete range of singles, duals, arrays, and ICs. So what’s new?

Industrial Analog Switch:

80¢ Per Channel

Now available: analog switches specially selected for industrial control service,
at per-channel prices as low as 80c (DG501CJ) and 90¢ (DG172C)) in 1000-unit quantities.
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DG172CJ

You can’t go wrong with our epoxy
analog switches if you're a designer of
industrial control circuits. Choose from
a variety of switch configurations
and structures:
B PMOS monolithic—DGS501CJ,
8 channels, break-before-make switch
action, = 5 V analog signal range
B PMOS/bipolar—DG172, 4 channels,

e

DG501CJ

All of these FET switch/driver
combinations are off-the-shelf and at your
nearest Siliconix distributor right now.
They're priced to compete with reed
relays and other electromechanical
devices—and they switch 1000 times
faster, last far longer, require less drive

power and associated hardware, and
operate directly from industrial
computer logic.

20 V peak-to-peak signal capability,
PMOS FETs and bipolars on a
single chip

Our catalog line of FET analog switches will cover most applications.
If your switching problems are unique —and whose aren’t—
call our applications people. They’re eager to help. For complete information

write for data

Applications Engineering (408) 246-8000, Ext. 501

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
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Information theory after 25 years:

applications begin to pay off

Shannon'’s theory of communications has been clarified and refined
to the point where it is influencing the design of practical systems:

more efficient communications with lower error-rates are the result

by Lyman J. Hardeman, communications Editor

O In mid-1948, barely noticed in the wake of the world-
wide publicity given to the announcement of the tran-
sistor, a 32-year-old researcher at Bell Telephone Labo-
ratories disclosed a detailed theory that was destined to
have profound effects on the development and under-
standing of communications systems.

“The Mathematical Theory of Communications,”
published in the Bell System Technical Journal by
Claude E. Shannon, did not tell communications engi-
neers how to design data-transmission-systems hard-
ware. Shannon’s more subtle but most powerful contri-
bution was to show systems engineers how to defeat
their arch-enemy—noise—by encoding of signals. The
theory is important, for the most part, less as a design
tool for synthesizing efficient methods of communi-
cation, than as a yardstick with which communication
techniques can be compared.

Out of the original theory has grown an enormous
body of work concerned with achieving reliable com-
munications with low error-rates. Without it, the space
program, the growth of pulse-code-modulation systems,
and the current explosion in data communications
would not be as far advanced. Even today, the main-
stream of activity in information theory still follows the
outline of Shannon’s original papers, which addressed
two fundamental communications problems: source
coding and channel coding (see Figs. 1 and 2).

Source coding can be further defined as either dis-
crete-source coding or source coding of continuous
waveforms with a fidelity constraint. Discrete-source
coding involves countable pieces of information, such as
numbers or letters in the alphabet, that can be encoded
into a fixed number of discrete levels. Familiar exam-
ples are the alphanumeric codes used for transmitting
teletypewriter messages.

Source coding and entropy

Fundamental to the understanding of discrete-source
coding is the concept of entropy, which Shannon intro-
duced back in 1948. Mathematically, the concept of en-
tropy applied to communications systems is analogus to
that of entropy in thermodynamic systems, which was
well understood by the time that Shannon’s theory was
published. To information theorists, entropy is a mea-
sure of the degree of uncertainty that exists in a given
information source. Therefore, entropy is the average
amount of information provided by the source, or the
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average amount of uncertainty that exists at the receiver
before information is transmitted from the source.

In mathematical terms, the entropy of an information
source that generates one of a set of symbols (s1,82 . . .
Sy) is:

S P(s)l 1
H Szl (s) log 5 gy
where P(s) is the probability of occurrence of symbol s.
If a logarithm to the base 2 is used, then entropy is mea-
sured in binary units (bits).

With his concept of entropy., Shannon introduced a
way of thinking of information in terms of probability:
the greater the probability of an event's occurrence at
an information source, the lower the entropy. Entropy is
maximum, then, when all events are equally likely.

The statistical importance of the concept of entropy is
better understood if the English alphabet is taken as an
example. Consider the case where any one of a set of 26
letters is emitted from a source with equal probability.
Such a source spews out letters entirely at random, and
the probability of its emitting any particular letter is
1726. Entropy for such a source is H = log:26 =
4.7 bits per letter.

Such an information source emits much more infor-
mation than actual English text, which has been esti-
mated to have an entropy of less than | bit per letter. In
English text, the probability of occurrence of each letter
is different—vowels and certain consonants, for ex-
ample, occur much more frequently than the letters Q,
X, or Z. Here, efficiency can be increased (or entropy
decreased) if the information receiver is made aware of
the probability assigned each letter. Once these pro-
babilities are known, the occurrance of a letter of low
probability yields more information than the occur-
rance of a letter that can be predicted with high proba-
bility.

Furthermore, once a few letters or words have been
received from a source, then succeeding letters and en-
tire words can often be predicted with high degrees of
certainty, based on the text that has already been trans-
mitted. Thus, source coding, which describes the statisti-
cal values and orders of elements in a given source, per-
mits a reduction in the number of symbols that must be
transmitted to achieve the same amount of information
transfer.

In the case where a human operator is the ultimate
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1. Communications model. Coding schemes for electronic com-
munications fall into two categories. Source coding reduces redun-
dancy in the information source, while channel coding combats the
effects of noise introduced in the communications channel.

receiver of transmitted text, redundant information that
is removed by coding can be replaced (decoded) based
on the operator’s knowledge of the language. But in the
more general case where a human is not involved in the
system. a coder-decoder can be programed to perform
this function.

Coding for continuous sources

Coding for discrete information sources such as al-
phanumerics requires a finite number of coded symbols
and introduces no errors. To code a continuous analog
waveform perfectly, however, an infinite number of dis-
crete coding levels would have to be taken.

In practice, fortunately, somewhat less than perfect
coding can be tolerated. Thus, analog waveforms can be
approximated, despite the resultant loss of complete fi-
delity to the information source. A universally accepted
technique for coding continuous sources is pulse-code
modulation (PCM), where the source is sampled and the
samples are quantized into discrete levels.

Thus, the efficiency, or entropy, of encoded contin-
uous waveforms can be defined in terms of the entropy
of the discrete coding levels at some specified fidelity
limit. The quantizing errors can be made arbitrarily
small—and therefore the fidelity of the encoded signal
arbitrarily high—by the choice of appropriate sampling
and quantizing intervals.

Looking at all this another way, one could consider
the quantizing errors as a source of distortion; hence,
the term “rate-distortion theory” is often applied to
source coding of continuous channels. In actual commu-
nications systems, rate-distortion theory brings a cost
function into the analysis of source-coding efficiency.
Since the number of quartization levels in a PCM en-
coder-decoder can be directly related to equipment
costs, the designer can readily trade off costs versus sys-
tem fidelity.

Coding for voice signals

pCcM-encoded telephone networks are used exten-
sively both in local transmission loops, where the associ-
ated time-division multiplexing gives such systems an
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economic advantage, and in satellite and transoceanic-
cable systems, where reduced signal-to-noise levels are
handled most easily with PCM.

Unfortunately, the sampling rate required to convert
a voice signal to digital format (about 8,000 samples per
second), combined with the necessity to encode each
sample into about 128 levels (seven bits), results in a
data rate of about 56 kilobits per second. This rate is
about an order of magnitude higher than can be accu-
rately transmitted on a typical voice-grade communi-
cations channel.

As in written language, however, there is considerable
redundancy in spoken language, both in pauses be-
tween words and sentences, and in the sound patterns
when words are being spoken. And for expensive trans-
mission systems such as those used in satellite commu-
nications links, it becomes necessary to find ways of re-
ducing some of the redundancy that is inherent in each
voice channel.

A system developed by Comsat Laboratories, Clarks-
burg, Md., uses the statistical patterns in speech to re-
duce the bandwidth required for digital communi-
cations over satellite links. The system, known as SPEC
for speech-predictive-encoding communications, re-
moves redundancy in speech waveforms by predicting
sample levels to be transmitted on the basis of previous
sample levels. Only those samples that least meet these
predictions are transmitted, along with signaling blocks
to tell the receiver decoder what channels have been
sampled. For each channel in which a new sample is not

TELETYPEWRITER

SOURCE
CODING

VOICE
IMAGE

INFOR-
MATION
THEORY

ERROR
CORRECTION
IN COMPUTER
MEMORIES

CRYPTOGRAPHY
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CHANNEL
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2. Family tree. Mainstream of activity in information theory contin-
ues to follow the outiine of Shannon’s original paper. Expanding ap-
plications in data communications have underscored the need for
greater use of techniques developed around the theory.
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3. Computer cubism. To learn what s the least amount of visual in-
formation a picture may contain and still be recognizable, research-
ers at Bell Labs, with the help of a computer, processed this picture
of Lincoln. The picture contains about 800 bits of information (about
200 picture elements, each containing four bits of gray-shade infor-
mation). With conventional teletypewriter codes, only about 12 to 15
words could be transmitted using the same B0O0 bits.

transmitted, the receiver repeats the last level stored in
its memory for that channel.

Since source-coding systems such as SPEC make use of
the statistical nature of speech signals, they must sample
enough speech channels tc make use of these statistics.
For SPEC, a minimum of about 48 channels is sampled.
In practice, this is not a limitation for the technique,
since such encoding systems are designed for high-vol-
ume routes where many voice channels are multiplexed
together anyway.

By using SPEC, according to J. A Sciulli, manager of
Comsat Laboratories signal-processing branch, “a bit-
rate compression ratio of 2:1 is achieved over conven-
tional PCM carrier systems.” Consequently, twice as
many voice conversations can be transmitted at the
same bit rate.

Sciulli believes that such a system will be economical
not only for satellite communications links, but in fu-
ture digital long-haul terrestrial links. He says that, in
reasonable quantities, a SPEC terminal could be built for
under $100 per voice channel. A fully operational SPEC
system will be field-tested next month between points in
California and Hawaii over an Intelsat IV satellite.

Problems with images

Because of the much greater bandwidths required to
transmit images, it is perhaps even more important than
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in voice transmission to develop schemes to remove re-
dundancy in images. For space probes, where encoding
of telemetered images can allow increased resolution or
faster transmission rates for a fixed communications
bandwidth, or in video-telephone applications, where
data transmission requirements on the order of 50
megabits per second can be significantly reduced with
source coding, such coding techniques are extremely
feasible. And the future of under-l1-minute facsimile
over voice-grade telephone lines can be greatly en-
hanced by efficient and easily implemented image-en-
coding techniques.

Two problems impeding the application source-
coding theory to the transmission of still, black-and-
white images were recently noted by David J. Sakrison,
a professor at the University of California at Berkeley.
First, it is hard to formulate statistics for a “typical” im-
age. For example, the probability distribution of picture
elements containing different shades of grey varies sub-
stantially from from one image to another, and even
within segments of the same image. What’s more, the
distribution is almost never gaussian, which is the
easiest type of distribution for the communications en-
gineer to analyze.

The second and possibly most difficult problem, ac-
cording to Sakrison, is that of finding a distortion mea-
sure that is consistent with the subjective evaluations of
human observers. It is known, for example, that the hu-
man eye and brain are more sensitive to some spatial
frequencies than to others, more sensitive to intensity
errors in grey areas than in white, and more sensitive to
the edges of objects than to the middle of a blank area.

Picturephone research

In an attempt to determine the smallest amount of in-
formation in an image that could be meaningful to hu-
man perception, workers at Bell Labs several years ago
developed a picture of Abraham Lincoln in a minimum
recognizable form (Fig. 3). Transmitting this image re-
quires only about 1,000 bits compared with over 1 mil-
lion bits contained in each image frame transmitted in
commercial monochromatic television.

Meanwhile, another group at Bell Laboratories has
been at work developing source-coding techniques for
motion pictures. The effort is directed toward practical
systems that will eventually form the basis of Bell’s Pic-
turephone service.

In coding for images, such as Picture-phone, each
frame is divided into a matrix of small elements, and
the light intensity level of each element is sampled.
Across any vertical or horizontal line of elements within
the matrix there is generally a series of elements that
have the same light intensities. Successive elements in
such series, then, can be predicted with high degrees of
certainty, and therefore contain much redundant infor-
mation. Thus, if use is made of methods similar to those
employed in coding for voice signals, much of this ele-
ment-to-element redundancy can be reduced.

Furthermore, in Picturephone coding, where rela-
tively still images are transmitted at rates of 30 frames
per second, the corresponding elements in each succes-
sive frame can be predicted with even greater probabil-
ity. Thus, there is generally more redundancy from one
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Shannon after 25 years

Claude Elwood Shannon, as anyone will attest, has made
by far the largest single contribution to information
theory. In addition to the publication 25 years ago of his
now-famous ‘‘Mathematical Theory of Communications,"’
Shannon, at periodic intervals until the late 1960s, sup-
plied a variety of detailed insights in closely related disci-
plines.

Now 57, Shannon is relatively inactive in the fieid. He
lives with his wife and three children in a 115-year-old
house in the Boston suburb of Winchester, Mass.

In a recent interview with Electronics, Shannon re-
flected only briefly on information theory, and spoke
mostly of hobbies and interests which include jogging,
unicycle riding, camping, listening to jazz, and investing
in stocks.

To maintain his trim 5-foot-10-inch, 140-pound frame,
Shannon begins each day with a three-mile jog. When
asked if he doesn’'t make a few exceptions for extremely
cold or wet days, he insists that he does not. “'The first
year was a form of hell,”” he admits, “‘but it's easy now,
and | feel fantastic."

Getting exercise is nothing new for Shannon, though.
His wife gave him a unicycle more than 20 years ago, and
since that time he has expanded his collection of one-
wheelers to 26. They come in a wide variety of sizes and
shapes, and many of them he built himself. Since they are
all housed in his two-car garage, his automobiles and his
mobile camper have to be parked outside in the weather.

After a hard day's jogging and cycling, Shannon en-
joys listening to jazz. He believes most mathematicians
have an ear for music, although he admits that he has no
talent for playing musical instruments himself, nor does
he *‘dig"’ modern rock.

Over the years, Shannon has applied some of his math-
ematical talent toward investing in the stock market and
is reported to have netted profits into seven figures. ““I've
been very lucky in the over-all picture,”” he agrees,
“mostly in small venture-capital investments . . . they
are some of the best bets around.”

Some of the ‘‘small venture-capital’’ stocks that he got
into early include Teledyne, where he is a member of the
board of directors, and Hewlett-Packard. However, al-
though he has from time to time applied information—
theory-type concepts to investing, Shannon credits more
conventional investment techniques with his success on
Wall Street.

Asked what he felt information theory's future was at
the time of his original publication, Shannon replies, I
was quite surprised at the publicity and reaction.” On
several occasions since then, he has modestly warned
against the danger of overselling information theory, es-
pecially to those trying to apply its concepts to disciplines
that happen to be rather far removed from electronc
communications.

What about the next 25 years? Shannon believes that
“information theory will continue to find its central appti-
cation in communications and computers. But this is not
to say that it will not be successfully applied to other
areas—notably in the development of artificial intelli-
gence." '
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frame to the next than from element to element within a
frame.

Workers at Bell Laboratories in Holmdel, N.J., take
advantage of this fact in the techniques they are devel-
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oping for Picturephone coding. “Using our latest tech-
niques,” says John B. Millard, supervisor of the labora-
tory’s Picturephone coding-techniques group, “we can
now transmit a full-quality Picturephone signal at a rate

103



OUTPUT TO
COMMUNICATIONS

LINK
SWITCHQ—
v’

—

INFORMATION
SOURCE

/411 ]

20-BIT SHIFT
REGISTER

{a) TYPICAL BLOCK ENCODER

1

“i

PR
\7-BIT SHIFT
REGISTER
—
MODULO-2 /
ADDERS
OUTPUT TO
COMMUNICATIONS
LINK

(b) TYPICAL CONVOLUTIONAL ENCODER

- —

4. Code generators. Typical block encoder (a) first transmits a block of raw data from an information source, then sends the contents of a
shift register as redundant parity information that allows the receiver to detect and correct any errors introduced by the communications
channel. With the convolutional encoder (b}, information is fed continuously into a shift register. Simultaneously with each input bit, contents
of predetermined positions in the register are added in modulo-2 adders and transmitted.

of 1.544 megabits per second. This rate is about a quar-
ter of that required only one or two years back, and is
achieved predominately by the use of frame-to-frame
coding.”

The largest obstacle to implementing frame-to-frame
coding is the need for a memory of 440 kilobits at each
Picturephone central office terminal to support a one-
way transmission. A 320-kilobit memory is needed to
store a full frame of information (250 lines, by 160 ele-
ments per line, by 8-bit element coding levels) for com-
parison with the corresponding elements in the succeed-
ing frame, and a buffer memory of 120 kilobits. “Such a
memory is currently the most costly portion of the Pic-
turephone coding equipment now under development,”
says Millard.

Channel coding

Source coding, as outlined earlier, is used to reduce
redundancy in an information source so that less capac-
ity is required of the communications channel over
which the data is transmitted. Thus, source coding is
generally performed independently of the type of com-
munications channel used: it is assumed that there are
no errors introduced between the signal source at one
end of a communications link and the receiver at the
other end.

Attacking a somewhat different problem, channel
coding is used to reduce the effects of noise introduced
in the communications channel. Unlike the source en-
coder, a channel encoder generally expands the band-
width required of the communications channel, but in
the process it reduces the signal-to-noise level required
in the link, or yields a lower error rate for the informa-
tion transmitted.

This relationship between information capacity and
the signal-to-noise ratio of a communications link was
another fundamental subject that Shannon addressed in
his original paper. In that paper, Shannon defined a
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limit on the information-carrying capacity, C, of a chan-
nel in a concise equation now well known as Shannon’s
Law:

C= Wlog(l + S/N)
where S is the power of the information-carrying signal
in a channel of bandwidth W which is characterized by
additive white gaussian noise N. When W in the equa-
tion is measured in hertz, then the units of C are bits per
second.

In theory, any information source with a rate lower
than channel capacity can be transmitted with virtually
zero errors. But as this channel-capacity limit is ex-
ceeded, it is impossible, according to theory, to transmit
error-free information.

It must be emphasized that Shannon’s Law is a spe-
cial case of his general theory. In practice, this limit on
channel capacity has never been reached, for several
reasons. First, the band edges of a real-world channel
are not well defined, unlike the ideal channels assumed
by Shannon. Also, most communications channels are
characterized by noise bursts instead of the white gaus-
sian noise assumed by Shannon.

Thus, a typical voice-grade telephone channel, even
when using the most efficient modulation techniques, is
capable of transmitting at a maximum rate of only
about 10,000 bits per second. If an ideal 3,300-Hz chan-
nel met theoretical limits—assuming gaussian noise and
a typical signal-to-noise ratio of 400 (26dB)—the identi-
cal channel would achieve an information-carrying ca-
pacity of about 25,000 bits per second with virtually no
€rrors.

Combatting channel noise

Unlike the largely ad hoc methods developed for
source coding, techniques used to combat noise in a
communications channel are generally much more vig-
orous mathematically. Because of this, work in channel
coding is more closely associated with Shannon’s origi-
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nal work, and workers in this field are more directly tied
to pure information theory.

Two fundamental classes of codes stand out as ef-
ficient ways of achieving reliable communication—the
block code and the convolutional code. While detailed
analysis of these codes is beyond the scope of this ar-
ticle. important characteristics of each are readily
apparent from the methods by which they are gener-
ated (Fig. 4).

A block code is formed by dividing data source into
finite blocks of data. In the encoder shown, each block is
then transmitted and at the same time entered into a
shift register, with feedback paths added at predeter-
mined positions in the shift register. After the informa-
tion bits have been transmitted, the contents of the shift
register are transmitted as parity-check bits. Block by
block, the encoded data is then decoded at the receiver,
where the parity bits are used to detect (and sometimes
correct) errors that have been introduced in the commu-
nications channcl.

Convolutional coding. on the other hand, is gener-
ated by sequenti